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GENERALIZED FILTERED BACK-PROJECTION RECONSTRUCTION IN
DIGITAL TOMOSYNTHESIS

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH &
DEVELOPMENT

The government may have rights in this invention pursuant to Subcontract 22287

issued from the Office of Naval Research/Henry M. Jackson Foundation.
BACKGROUND OF THE INVENTION

The present invention relates generally to digital imaging, and more particularly to

reconstructing a three dimensional (3D) image using a tomosynthesis device.

It is well know in the medical community that breast cancer is a leading cause of death
in women (and to a lesser extent also affects men). When early detection of
abnormalities is combined with proper medical attention, however, the risk of death
and/or severe medical ramifications can be drastically reduced. Many devices and
techniques (e.g., mammography) are currently under development té detect breast
abnormalities earlier, and with greater accuracy than conventional devices. A brief

summary of some conventional devices, techniques, and their limitations follows.

Presently, the vast majority of mammography devices utilize conventional x-ray
techniques. A patient’s breast is positioned in an x-ray machine, which passes x-rays
through the breast and generates a corresponding x-ray image on a film. The film is
then analyzed by a trained clinician, who examines the film for abnormalities, such as
a mass, a cyst, a microcalcification, a fibrous finding, an architectural distortion,
and/or other abnormal findings related with benign or malignant abnormalities. In
standard digital mammography, the x-ray image (or projection radiograph) is acquired
by means of a digital detector, and the resulting digital image can be processed to
enhance the visibility of structures within the image, thus providing a potentially more
useful image to the clinician. These standard mammography techniques, however,

suffer from many problems.



WO 03/090171 PCT/US03/11319

The 2D nature of standard mammography techniques (including standard digital and
film based) can lead to superposition (e.g., overlay) problems. Superposition can
occur when multiple structures are overlaid onto the same position in the projection
image. The overlaid normal (i.e., non-malignant) structures may end up combining in
appearance to appear as an abnormality, resulting in a “false positive” identification of
an abnormality. Presently, the false positive rate is relatively high: on the order of
between 70% and 90% of biopsies are normal. Conversely, real abnormalitiés may be
superimposed over dense tissue regions which “hide” the abnormality within the
dense tissue, resulting in a “false negative” miss of an abnormality. Thus, in standard
2D imaging (e.g., projection radiography) structures within the breast may become
superimposed with each other, thereby normal structures within the breast can
“interfere” with a clear interpretation of structures of interest (e.g., potentially
malignant) which are located at a different height (relative to the projection direction)

within the imaged object.

Another problem with many mammography techniques is related to contrast issues. A
small structure within the breast appears with a relatively low contrast in the
projection image, when compared to its true 3D contrast. For example, in a projection
image of a breast with a thickness of 6 cm, a structure with a 2 cm thickness appears
with only a third of its true contrast; a structure with 1 cm thickness appears with only
a sixth of its true contrast, etc. Thus, the contrast in the image does not correctly

represent the true contrast of the structure.

To improve on the limitations of 2D techniques, some techniques utilize a plurality of
projection radiographs of a patient’s breast to create a 3D image of the breast tissue.
The 3D image is then examined by a trained clinician for indications of breast
abnormalities. In these 3D techniques, the breast to be imaged is radiated from
different projection angles. The radiation passing through the breast is used to
generate a plurality of projection radiographs or “2D views” of the breast. A three
dimensional (3D) image of the breast is then generated from the views using

conventional or newly developed algorithms. Generally, the reconstructed 3D image

2



WO 03/090171 PCT/US03/11319

is organized as a set of 2D images, or “slices”, which are substantially parallel to the
detector plane. As used herein, an “image slice” is a single image representative of
the structures within an imaged object (e.g., breast tissue) at a fixed height above the
detector. Other arrangements of the data representing the 3D image of the object are
also possible, as would be readily apparent to one of ordinary skill in the art after
reading this disclosure. One technique of generating a 3D image from a plurality of
radiographs is known as simple backprojection.  Conventional 3D image
reconstruction techniques (such as those involving simple backprojection), however,

also suffer from disadvantages.

In particular, high contrast structures in the imaged object can lead to severe artifacts
that cause a significant reduction in the quality and the diagnostic value of
reconstructed images. These artifacts are due to the fact that generally, image
information due to structures in the imaged object not only contribute to the
reconstruction at the corresponding true location of the structure within the
reconstructed 3D image, but at other locations as well. The corresponding artifacts
are known as out-of-plane artifacts, or streak artifacts. = Conventional 3D

reconstruction techniques, however, do not adequately remove or reduce artifacts.

In digital tomosynthesis, for example, one backprojection technique known as *“simple
backprojection” or the “shift and add algorithm” is often used to reconstruct images
(e.g., 3D images) due to its relatively straightforward implementation and minimal
computational power requirements. The shift and add algorithm, however, introduces
reconstruction artifacts. In fact, high contrast out-of-plane structures tend to appear as
several relatively low-contrast copies in a reconstructed horizontal slice through the
object. Also, the previously described loss in contrast for small structures is not
recovered by the simple backprojection reconstruction technique. Thus, the
conventional shift and add algorithm suffers from considerable problems in this field

of use.

Another reconstruction method used in tomosynthesis is known as the algebraic

reconstruction technique (ART). ART tends to generate higher quality
3
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reconstructions than the shift and add algorithm, but is typically much more
computational heavy than other techniques (e.g., the shift and add algorithm). This
computational cost and the associated delay until the final 3D image of the breast is

available to the clinician, can be prohibitive in practical clinical use.

Another reconstruction technique used in computed tomography (CT) imaging (i.e.,
filtered back-projection) utilizes projections over the full angular range (i.e., full 360°
image acquisition about the object to be imaged) and a fine angular spacing between
projections.  Within this framework, filtered backprojection is a reconstruction
method that yield high quality reconstructions with few artifacts. Unfortunately, full
360° image acquisition is not practical for many applications including breast

imaging, where design considerations limit the ability to rotate fully about the breast.

Thus, a need exists for a method and apparatus for reconstructing a three dimensional
(3D) image of an object (or other, but different reconstructed 2D images, for example

cross-sectional images) from a plurality of two dimensional (2D) views.
BRIEF SUMMARY OF THE INVENTION

The present invention is directed at reducing or eliminating one or more of the

problems set forth above, and other problems found within the prior art.

According to one aspect of the present invention, a method of constructing a three
dimensional (3D) image of an object from a plurality of two dimensional (2D) views
of the object is provided comprising the steps of filtering the plurality of 2D views of
the object, and order statistics-based backprojecting the filtered 2D views into the 3D

image of the object.

According to another aspect of the present invention, a program product is provided
for causing a tomosynthesis device to perform the steps of acquiring a plurality of 2D
views of an object to be imaged, filtering the acquired 2D views, and order statistics-

based backprojecting the filtered 2D views into a 3D image of the object.
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According to another aspect of the present invention, a method of compensating a 2D
view for the thickness of an object to be analyzed, the view including pixels
corresponding to rays passing through the object and pixels corresponding to rays not
passing through the object is provided comprising the steps of determining a boundary
curve, the boundary curve being the curve separating the pixels corresponding to rays
passing through the object from the pixels corresponding to rays not passing through
the object, calculating a distance from each pixel corresponding to rays passing
through the object to the boundary curve, calculating an average pixel image value
versus the distance from the boundary curve, and offsetting the image values at pixels
corresponding to rays passing through the object such that the average pixel image

value versus the distance from the boundary curve is about constant.

According to another aspect of the present invention an imaging device for
constructing a three dimensional (3D) image of an object from a plurality of two
dimensional (2D) views of the object is provided comprising a radiation source for
emitting radiation through the object to be imaged, the radiation source being
positionable at an angle of projection wherein each of the plurality of 2D views
corresponds to a given position of the radiation source, a detector positioned to detect
radiation passing through the object to be imaged, the detector generating a signal
representing a view of the object, and a processor electrically coupled to the detector
for analyzing the signal. The processor is programmed to perform the steps of
filtering the plurality of 2D views, and order statistics-based backprojecting the

filtered 2D views into the 3D image of the object.

According to another aspect of the present invention, a method of reconstruction of
three dimensional (3D) structures from a plurality of projection radiographs of tissue
taken at different angles, the method is provided comprising the steps of digitally
acquiring a plurality of projection radiographs taken at different angles, segmenting
each of the digitally acquired projection radiographs into pixels corresponding to rays
passing through the tissue and pixels corresponding to rays not passing through the

tissue, compensating the image values at segmented pixels for a thickness of the
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tissue, filtering the compensated pixels to enhance structures depicted in the
projection radiographs, and order statistics-based backprojecting the filtered images

into a reconstructed 3D representation of the tissue.

According to another aspect of the present invention, a method of constructing a three
dimensional (3D) image of an object from a plurality of two dimensional (2D) views
of the object is provided comprising the steps of 2D filtering the plurality of 2D views
of the object, and simple backprojecting the filtered 2D views into the 3D image of

the object.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagram of a tomosynthesis device according to an embodiment of the

present invention.

Figure 2 is a flow chart of a method of constructing a 3D image of an object from a
plurality of 2D views of the object according to an embodiment of the present

invention.

Figure 3 is a flow chart of a method of acquiring a plurality of 2D views of the object

according to an embodiment of the present invention.

Figure 4 is a flow chart of a method of compensating for the thickness of an object to
be analyzed from a view of the object according to an embodiment of the present

invention.
DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to presently preferred embodiments of the
present invention. Wherever possible, the same reference numbers will be used

throughout the drawings to refer to the same or like parts.

The present invention will be described in reference to apparatuses and methodology

for breast imaging and breast cancer detection. It should be appreciated, however, that
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the teachings of the present invention may also be used in other areas, such as chest
and lung imaging, orthopedic imaging, and other medical and non-medical

applications (e.g., nondestructive evaluation).

A tomosynthesis device according to one embodiment of the present invention is
shown in Figure 1. A radiation source 110 for emitting x-ray radiation is angularly
displaceable through a plurality of emission positions A, B, C corresponding to a
plurality of views of the tissue 120. While only three emission positions are shown in
Figure 1, one of ordinary skill in the art will recognize that three emission positions or
fewer or more emission positions may be utilized, while remaining within the scope of
the invention. The radiation source 110 is angularly displaceable so as to enable
acquisition of radiographs of the breast from different projection angles. This can be
achieved, for example, by angularly displacing the radiation source 100 about a pivot
point 150, preferably about 15 cm above the breast tissue. The radiation source 110 is
angularly displaceable through a projection angle ¢, which is preferably less than
+180°. Preferably, ¢ is in the range of less than about £45°, and most preferably less
than about £30°. More preferably, at least 11 emission positions are used, and spaced
at about constant angular spacings. In the system configuration of Figure 1, the
projection angle ¢ is generally significantly smaller than the “gantry angle” 6. The
projection angle ¢ is essentially given by the angle of a ray of the beam passing

3

through the “center” of the object, with reference to some ‘“zero-degree” angle.
Unlike in computed tomography (CT) scanning, the radiation source 110 is preferably

not angularly displaceable all the way around the breast tissue 120.

A detector 130 is positioned substantially opposite of the radiation source 110, with
respect to the imaged object 120 to detect radiation emitted through the tissue 120, the
detector generating a signal representing a view of the tissue 120. Preferably, the
detector 130 is positioned less than about 25cm (most preferably about 22.4cm) below
the pivot point 150. The signal is transmitted to a computer 160, including a
processor for analyzing the view (and reconstructing image slices 140). Preferably,

the computer is part of a tomosynthesis device including the radiation source 110 and
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the detector 130. Alternatively, the signal may be stored on a storage media or
transmitted to a central computer system, and later analyzed by computer 160. Such a
configuration may occur, for example, with a mobile tomosynthesis system that takes

data of a patient’s breast at a remote site, which is later analyzed at a laboratory.

Other tomosynthesis system configurations are also plausible, as would be readily
apparent to one of ordinary skill in the art after reading this disclosure. One such
system may employ a radiation source movable along a track rather than on a rotating
gantry, preferably with a radiation source to detector distance in the range of about
100 cm to about 180 cm. The aforementioned configurations have been provided for

purposes of illustration only, and are not limiting on the scope of this application.

A flow chart depicting a method of constructing a 3D image of an object (e.g., breast
tissue) from a plurality of 2D views of the object according to one embodiment of the
present invention is shown in Figure 2. In step 210, a plurality of 2D views of the
object is acquired. Step 210 can be performed, for example, using any one of a
number of techniques (e.g., using a digital detector), provided the views can be made
in (or converted to) digital form. As shown in Figure 3, step 210 preferably includes
the steps of adjusting an angle of projection of a radiation source to a substantially
predetermined position (corresponding to one of the plurality of 2D views in step
310), radiating the object via the radiation source in step 312, and detecting the

radiation in step 314.

Preferably, the acquired plurality of 2D views of the object are preprocessed in step
220, to perform image corrections on the acquired plurality of views. Preprocessing
may include one or more of correction for geometry effects such as distance to x-ray
tube & incident angle of x-rays at detector, correction for other system effects such as
gain and offset correction, correction for pathlength through the tissue, taking the
negative log of the image, and other preprocessing aspects as would be readily
apparent to one of ordinary skill in the art after reading this disclosure. Preprocessing
may also include corrections for effects due to varying detector positions from view to

view. Preferably, after preprocessing step 220, the image value at each pixel in a view
8
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represents the average linear attenuation value of the imaged object along the ray

corresponding to that pixel, for an assumed underlying constant thickness.

In step 240, each of the plurality of 2D views of the object is segmented (e.g.,
assigning to each pixel of each 2D view whether it contains only “air” information, or
tissue information) using techniques such as image value histogram segmentation,
edge detection, contour following, etc. Step 240 may also include the use of prior
shape information (e.g., using smoothness constraints of the skin line), etc.
Preferably, step 240 segments each view into pixels corresponding to rays passing
through the object and pixels corresponding to rays not passing through the object.
The term “ray” refers to a given part of the x-ray beam represented by a line between
the focal spot of the x-ray source and the considered pixel. This segmentation step
240 can also provide a boundary curve (i.e., a curve separating the pixels
corresponding to rays passing through the object from the pixels corresponding to rays
not passing through the object), which can be used in the thickness compensation step
250. Other segmenting techniques may also be used, as would be readily apparent to

one of ordinary skill in the art after reading this disclosure.

By performing segmentation step 240, pixels not containing useful information (i.c.,
pixels corresponding to rays not passing through the object) can be given a constant
image value, preferably about equal to an average image value for pixels
corresponding to rays passing through the object. The inventors have found that this
enhances the appearance of structures (including abnormalities) within the
reconstructed 3D image of the object, and reduces artifacts. Thus, the overall
performance of the reconstruction can be greatly improved. As will be described in
detail below, segmentation step 240 is particularly effective when used in combination

with the thickness compensation step 250.

In step 250, the segmented 2D views of the object are compensated for a thickness of
the object. Conventional thickness compensation techniques can be used for step 250.
In a preferred embodiment, however, step 250 includes steps 442, 444, 446, and 448

as shown in Figure 4. Specifically, step 250 preferably determines a boundary curve
9
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in step 442, the boundary curve being a curve separating the pixels corresponding to
rays passing through the object from the pixels corresponding to rays not passing
through the object. A distance is then calculated in step 444 from each pixel
corresponding to rays passing through the object to the boundary curve. Further, an
average image value versus the distance from the boundary curve is calculated in step
446. Finally, step 448 offsets (e.g., by adding an offset value) the image values at
pixels corresponding to rays passing through the object such that the average image
gray value versus the distance from the boundary curve is about constant. The
inventors have found that this particular thickness compensation technique provides a
significant reduction of reconstruction artifacts due to the reduced thickness of the
imaged object near the boundary. Unlike other thickness compensation techniques, it
also preserves coarse scale in the image corresponding to variations in tissue

characteristics that are not due to the reduced thickness.

The inventors have also found that thickness compensation step 250 allows for a “fair
comparison” of different image values in the backprojected 2D views, in the sense
that backprojecting step 270 preferably uses an order statistics operator, and therefore
“compares” different image values from different projection images. A “bias” in one
(or more) values which is due to a reduced thickness at the corresponding location can
have a negative impact on the resulting reconstructed 3D image. This effect can be
minimized by first applying thickness correction step 250. Thus, thickness correction

step 250 provides substantial advantages over conventional techniques.

The plurality of 2D views are then filtered in step 260. Filtering step 260 can
preferably be performed as a one-dimensional (1D) or 2D filtering application. In 1D
filtering, one can map the appropriate filters from CT geometry (i.e., fully 360°
acquisition, with the detector rotating opposite of the tube such that the incoming x-
rays are substantially perpendicular to the detector surface for all views) to a
tomosynthesis geometry (i.e., less than 360° acquisition, and the angle of the incoming
x-rays on the detector varies from view to view). Ideally, the mapped filter would be

shift-variant, but the effect on the image quality of the reconstructed volume is
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generally negligible. One can thus use “mapped” versions of the “classical” filters, as
well as other 1D filters which are ideally optimized with respect to some
reconstruction image quality criterion. Depending on the specific acquisition
geometry, it may be advantageous to use a different filter for each view. The
inventors have discovered, however, that 1D filters are not very effective in enhancing
structures which are essentially parallel to the direction of the filtering. Thus, 2D

filtering is preferred.

The inventors have discovered that for structures with a characteristic size which is
smaller than the compressed thickness of the breast, the contrast of the structure
(within the imaged volume) is in reality higher than its apparent contrast in a
conventional projection image. This “loss in contrast” is increasingly significant with
decreasing size of the imaged structure. By estimating that the expected thickness of a
structure is roughly the same as its extent in x/y (i.e., its extent in a plane essentially
parallel to the detector), one can therefore design a 2D filter such that it enhances the
contrast of structures of a characteristic size C by a factor of T/C, where C is the size

of the structure, and T is the thickness of the imaged breast.

Thus preferably, step 260 emphasizes structures (e.g., emphasizes the contrast of
structures) within the 2D view having a specific predetermined size. Further, step 260
preferably also does not emphasize structures having a characteristic size less than a
minimum characteristic size by more than some predetermined amount. This
maximum amount of emphasis may be advantageous to avoid enhancing noise in the
image. In a preferred embodiment, step 260 emphasizes different structures having a
size in one of several different size ranges by a different amount depending on which
particular size range the structure falls in. Thus, for purposes of illustration, assuming
the following conditions: (1) a tissue thickness of 6 cm; (2) a structure having a
characteristic size of 3 cm; (3) a structure having a characteristic size of | cm; and (4)
a structure having a character size of 1 mm. Furthermore, assume that a multi-scale
filtering process is used where: (1) structures with a characteristic size of under 1 cm

are emphasized by a factor 6; (2) structures with a characteristic size of 1 cm to 6 cm

11
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are emphasized by T/C, where T is the thickness of the breast, and C is the
characteristic size of the structure; and (3) structures with a characteristic size of
greater than 6 cm are not emphasized (i.e., emphasized by a factor 1). Thus, the
structure with a characteristic size of 3 cm would be emphasized by 6.0/3.0, or 2.0.
Similarly, the structure with a characteristic size of 1 cm would be emphasized by
6.0/1.0, or 6.0. Finally, the character size of | mm would be emphasized by 6.0.
Other plausible ranges/emphasis factors are also plausible, as would be readily

apparent to one of ordinary skill in the art after reading this disclosure.

The inventors have found that the above described emphasis of different characteristic
size ranges by different emphasis amounts greatly improves the contrast and
readability of the reconstructed image. The inventors have found that where the
contrast of fine scale structures (e.g., the range of up to 6 cm in the previous example)
is strongly enhanced, and coarse scale structures (e.g., the range greater than 6 cm in
the previous example) are less enhanced tends to result in high quality, high contrast
reconstructions, with fewer artifacts, and a high re-projection consistency. Removing
small structures (i.e., an emphasis of 0) is generally not an option, particularly in
mammography, where small calcifications, even of a size smaller than one single
pixel can be important. Thus, the filtered projection radiographs are enhanced in that
they exhibit a more realistic contrast scale of the imaged structures (relative to the

“true” 3D contrast) than conventional projection radiographs.

It may be advantageous to use slightly different filters for filtering different 2D views,
where the filter is adapted to the specific acquisition geometry for that view. Also, the
filters may be adapted to the overall geometry of the acquisition of the plurality of 2D
views. This may be useful, for example, if the radiation source is displaced along a
substantially linear trajectory. This leads to the fact that, for example, elongated
structures that lie in a plane parallel to the detector, with an orientation parallel to the
scan direction of the radiation source, undergo a different enhancement in the
reconstruction than elongated structures that lie in the same plane, but with an

orientation that is perpendicular to the scan direction of the radiation source. Thus,
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the filter may be adapted to counteract this characteristic behavior of the
reconstruction process. In other applications, it may also be of interest, for example,
to emphasize only structures of a characteristic size by some maximum amount, and

not emphasize structures of any other characteristic size.

As would be readily apparent to one of ordinary skill in the art after reading this
disclosure, the particular filter design can be done in a number of various techniques.
The specific filter used can be designed in the frequency domain (e.g., each frequency
can be associated with a typical characteristic size of corresponding structures), or in
the spatial domain (e.g., convolution with a Gaussian kernel can be interpreted to
preserve structures which are larger than a characteristic size, and therefore one can
use Gaussian kernels to design filters which extract structures of a given size from an
image — other kernels could also be used). In both frequency domain and spatial
domain design, the filter is preferably designed as a linear filter (or a combination of
several linear filters), the output of which yields an enhanced image. However, one
can alternatively also use morphological filters, multiscale techniques (e.g., wavelet
decomposition or Laplacian pyramid, etc.) and other techniques to yield enhanced
projection radiographs. The particular technique chosen will be determined by the
particular application requirements and the typical structural characteristics of the

imaged objects.

The inventors have further discovered that it can be advantageous to apply constraints
to the filtered 2D views in step 230, such that only “physically admissible” image
values are retained for further analysis. For example, negative values (which do not
correspond to physical reality) may be set to zero, or the maximum attenuation of the
material of the imaged object may be known, which would allow one to derive a
maximum meaningful value, and the image could thus be truncated to that maximum
meaningful value. As only physically admissible image values are retained, constraint
application improves the noise and artifact characteristics of the reconstruction

method.
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The filtered plurality of 2D views of the object are then backprojected into a 3D
representation of the object in step 270. Preferably, step 270 uses an order statistics-

based backprojecting technique as described below.

Order statistics-based backprojection has some similarities to simple backprojection
reconstruction, though it is significantly different in many aspects. Specifically, in
order statistics based backprojecting, the averaging operator which is used to combine
individual backprojected image values at any given location in the reconstructed
volume is replaced by an order statistics operator. Thus, instead of simply averaging
the backprojected pixel image values at each considered point in the reconstructed

volume, an order statistics based operator is applied on a voxel-by-voxel basis.

Depending on the specific framework, different order statistics operators may be used
(e.g., minimum, maximum, median, etc.), but in breast imaging an operator which
averages all values with the exception of some maximum and some minimum values
is preferred. More generally, an operator which computes a weighted average of the
sorted values can be used, where the weights depend on the ranking of the
backprojected image values. In particular, the weights corresponding to some
maximum and some minimum values may be set to zero. By using the
aforementioned operator for breast imaging, streak artifacts (which are generally
caused either by high contrast structures — maxima, or by the “overshoot” caused by
the filtering of some high contrast structure — minima) are minimized, while some of

the noise reduction properties of the linear averaging operator are retained.

Backprojecting step 270 is further improved by backprojecting data already segmented
in step 240. For example, one can use the segmentation result to set a reconstructed
value to zero (or some other appropriate value) if at least a single backprojected image
value indicates an “outside” location (i.e., the corresponding pixel in that view was
determined not to correspond to a ray passing through the imaged object). In addition,
if some voxel in the reconstruction volume is not contained in all projection
radiographs (e.g., because for some projection angle the corresponding point was not

projected onto the active area of the detector), then only the projection radiographs
14
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that contain this voxel are taken into account in the reconstruction. In an alternate
approach, one can artificially increase the image size by adding regions to the
boundaries of the image and setting the image values in these regions equal to the
“background value.” Both of these approaches help to minimize artifacts which are

due, for example, to the boundary effects of the detector.

There may be an additional step of applying constraints to the reconstructed
dataset/3D image after the reconstruction. Constraint application may include setting
negative values to zero, truncating high values to the maximum value for the type of
object imaged, etc. This optional step, which can be useful by itself, may be
particularly useful in combination with iterative update step 280 described in detail

below.

If desired, step 280 may be provided to iteratively update the reconstructed 3D
representation of the object. Step 280 may comprise re-projecting the reconstructed
3D image of the object, comparing the reconstructed 3D image to the acquired views,
and updating the reconstructed 3D image of the object. Step 280 may be performed
prior to outputting a reconstructed 3D image of the object in step 290, or may be
performed at intervals followed by an updated outputted 3D image. Other
implementation variations are also plausible as would be readily apparent to one of

ordinary skill in the art after reading this disclosure.

The inventors have found in experiments, that the image quality improved
substantially with the filtered back-projection technique over both the simple
backprojection and ART techniques. In general, increased image contrast and reduced
artifacts provides a substantially better image for analysis by a clinician or CAD

system.

It should be noted that although the flow chart(s) provided herein show a specific
order of method steps, it is understood that the order of these steps may differ from
what is depicted, and that all or any subset of the method steps can be employed in

practice. Also two or more steps may be performed concurrently or with partial
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concurrence. Such variation will depend on the software and hardware systems
chosen, which is generally considered a matter of designer choice. It is understood

that all such variations are within the scope of the invention.

The foregoing description of preferred embodiments of the invention has been
presented for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed, and modifications
and variations are possible in light of the above teachings or may be acquired from
practice of the invention. The embodiments were chosen and described in order to
explain the principles of the invention and its practical application to enable one
skilled in the art to utilize the invention in various embodiments and with various
modifications as are suited to the particular use contemplated. It is intended that the
scope of the invention be defined by the claims appended hereto, and their

equivalents.
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We Claim:

1. A method of constructing a three dimensional (3D) image of an object from a

plurality of two dimensional (2D) views of the object, comprising the steps of:
filtering said plurality of 2D views of the object (260); and

order statistics-based backprojecting said filtered 2D views into the 3D image of the

object (270).
2. The method of claim 1, further comprising a step of:
acquiring said plurality of 2D views of the object (210),

wherein the step of filtering said plurality of 2D views of the object filters said

acquired plurality of 2D views of the object.

3. The method of claim 2, wherein the step of acquiring said plurality of 2D views

comprises:

adjusting an angle of projection of a radiation source to a predetermined position

(310), one of said plurality of 2D views corresponding to said predetermined position;
radiating said object via said radiation source (312); and

detecting said radiation from said object (314).

4. The method of claim 1, further comprising a step of:

preprocessing said plurality of 2D views of the object prior to filtering said plurality of

2D views of the object (220).
5. The method of claim 1, further comprising a step of:
segmenting each of said plurality of 2D views of the object (240),

wherein each 2D view includes a plurality of pixels, and
17
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wherein segmenting segments each view into pixels corresponding to rays passing

through said object and pixels corresponding to rays not passing through said object.
6. The method of claim 5, further comprising a step of:
compensating said segmented 2D views for a thickness of said object (250).

7. The method of claim 6, wherein the step of compensating said segmented 2D

views for the thickness of said object (250) comprises the steps of:

determining a boundary curve, the boundary curve being a curve separating said pixels
corresponding to rays passing through said object from said pixels corresponding to

rays not passing through said object (442);

calculating a distance from each pixel corresponding to rays passing through said

object to said boundary curve (444);

calculating an average pixel image value versus the distance from said boundary curve

(446); and

offsetting said image values at pixels corresponding to rays passing through said
object such that the average pixel image value versus the distance from said boundary

curve is about constant (448).

8. The method of claim 1, wherein said object has a thickness T, and wherein the step

of filtering said plurality of 2D views of the object comprises a step of:

emphasizing structures within said 2D views having a characteristic size C by a factor

of T/C, C being less than T.

9. The method of claim 1, wherein the step of filtering said plurality of 2D views of

the object (260) comprises a step of:

adjusting a filter filtering said 2D view to the relative position of a detector and

radiation source and the object for the acquisition of the view.

18
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10. The method of claim 1, further comprising a step of:

applying constraints to the filtered 2D views (230).
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FIG. 2
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FIG. 3

Adjusting an angle of projection of a radiation source
to a predetermined position, one of the plurality ~ —~__31¢
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