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RECEIVING A FIRST DR IMAGE AT AFIRST ENERGY LEVEL AND A
SECOND DR X-RAY IMAGE AT A SECOND ENERGY LEVEL

[ -

PREPROCESSING THE FIRST AND SECOND DR IMAGES

A

34
Y /
DETERMINING A PLURALITY OF CONTROL POINTS FOR BOTH
THE FIRET AND SECOND DR IMAGES

v

OPTIMIZING THE PLURALITY OF CONTROL POINTS TO ALIGN
THE FIRST AND SECOND DR IMAGES

=

PERFORM DEFORMABLE TRANSFORMATION ON ONE OF THE
FIRST AND SECOND DR IMAGES

OPTIMIZATION
SATISFACTORY ?

//—' 42
EXECUTING LOG SUBTRACTION ALGORITHM ON FIRST AND

SECOND DR IMAGES TO GENERATE BONE IMAGE AND SOFT
TISSUE IMAGE

FIG. 2
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Dual energy Reconstructed
Image Image from CT

CT Image

3D Rendering
from CT

FIG. 4
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1
SYSTEMS AND METHODS FOR
GENERATING IMAGES FOR IDENTIFYING
DISEASES

RELATED APPLICATIONS

The present application is a continuation of U.S. patent
application Ser. No. 12/118,232, filed on 9 May 2008 and
issued as U.S. Pat. No. 8,073,230 on Dec. 6, 2011, the entire
contents of which is incorporated herein by reference. The
present application also claims the benefit of priority from
U.S. Provisional Application No. 60/916,854 filed 9 May
2007, the entire contents of which is incorporated herein by
reference.

FIELD OF THE INVENTION

The present invention relates to imaging, and particularly
relates to systems and methods for generating images for
identifying diseases.

BACKGROUND

Cardiovascular disease is a leading cause of death in the
United States, and responsible for approximately 500,000
deaths per year. More than one million Americans have heart
attacks or angina every year. The increasing incidence of
cardiovascular disease makes accurate and noninvasive imag-
ing of early cardiovascular disease increasingly important.
Recently, digital radiography (DR) has markedly improved
imaging of cardiac and lung diseases. Digital technology has
enabled the use of dual-energy techniques in digital radiog-
raphy systems. With recent advancements in digital radiog-
raphy and flat-panel technology, dual-energy subtraction
techniques can produce a high-energy image and a low-en-
ergy image. Post-processing of these two images results in the
following images: a standard high-energy image, a subtracted
soft-tissues image that removes overlying bone from the
underlying lung and mediastinum, and a low-energy bone
image that optionally displays bone and calcified thoracic
structure. Thus, dual-energy digital radiography could be a
cost-effective screening tool for cardiac and lung diseases.

However, cardiac and/or lung motion causes artifacts on
the subtracted images, resulting in inconsistent detection and
diagnosis of cardiac and lung diseases. Though the high-
energy and low-energy images are taken within a very short
period of time, they still represent different phases of the
cardiac and respiration motion cycles. Because the two
images may not be perfectly aligned, subtracting one image
from the other will generate motion artifacts and reduce the
image quality.

SUMMARY OF THE INVENTION

The present invention relates to systems and methods for
generating images for identifying diseases. In one aspect of
the invention, a method comprises receiving a first digital
radiography (DR) image of at least a portion of a body of a
patient, receiving a second DR image of the at least a portion
of'a body of a patient, the first DR image being captured at a
different energy level than the second DR image, and deter-
mining common control point locations for both the first and
second DR images. The method further comprises generating
an optimized DR image by moving portions of a selected one
of'the first and second DR images with its associated control
points to locations that correspond to similar portions of the
other of the first and second DR images, applying deformable
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transformation to one of the first and second DR images and
performing alog subtraction on the first and second DR image
to generate a dual-energy digital radiography (DEDR) image.

In another aspect of the invention, a system for generating
images for identifying diseases is provided. The system com-
prises a control point optimization component configured to
receive a first digital radiography (DR) X-ray image captured
at a first energy level and a second DR X-ray image captured
at a second energy level of at least a portion of a body of a
patient and configured to optimize a DR X-ray image by
moving portions of a selected one of the first and second DR
X-ray images to locations that correspond to similar portions
of the other of the first and second DR X-ray images. The
system further comprises a deformable transformation com-
ponent that applies a deformable transformation to one of the
first and second DR X-ray images and a log subtraction com-
ponent that performs a log subtraction on the first and second
DR X-ray image to generate a DEDR image.

In another aspect of the invention, a method for generating
images for identifying diseases is provided. The method com-
prises receiving a three-dimensional computer tomography
(CT) image, performing a 3-dimensional (3D) translation and
rotation on the CT image and projecting the CT image onto an
image plane to generate a 2-dimensional (2D) digitally recon-
structed radiography (DRR) image. The method further com-
prises performing a 2D transformation on the 2D DRR image,
measuring similarities of the 2D DRR with a dual-energy
digital radiography (DEDR) image and optimizing the regis-
tration of the 2D DRR with the DEDR image.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the present invention
will become apparent to those skilled in the art to which the
present invention relates upon reading the following descrip-
tion with reference to the accompanying drawings, in which:

FIG. 1 illustrates a system for generating images for iden-
tifying diseases in accordance with an aspect of the present
invention.

FIG. 2 illustrates a method for generating images for iden-
tifying diseases in accordance with an aspect of the present
invention.

FIG. 3 illustrates a methodology for registering a 3-D com-
puted tomography (CT) image with a dual-energy image in
accordance with an aspect of the invention.

FIG. 4 illustrates a set of images associated with the meth-
odology of FIG. 2 in accordance with an aspect of the inven-
tion.

FIG. 5 illustrates a computer system that can be employed
to implement systems and methods in accordance with one or
more aspects of the invention.

DETAILED DESCRIPTION

The present invention relates to systems and methods of
generating images that can be employed for identifying dis-
eases, such as cardiac calcification and other cardiac and lung
diseases. In one aspect of the invention, the generated images
are dual-energy digital radiography (DEDR) X-ray images,
such as a bone image and a soft tissue image generated from
a high energy digital radiography (DR) image and a low
energy DR image. In another aspect of the invention, a meth-
odology is provided for transforming a three-dimensional
computed tomography (CT) image into a two-dimensional
digitally reconstructed radiography (DRR) image and align-
ing the DRR image with a DEDR X-ray image. The DRR
image can be employed to confirm the identification of dis-






