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SYSTEM AND METHOD FOR IMAGE BASED
MULTIPLE-MODALITY CARDIAC IMAGE
ALIGNMENT

sequences. The method comprises performing a locally linear
embedding algorithm on a ?rst set of cardiac image

BACKGROUND OF THE INVENTION

The locally linear embedding algorithm yields a ?rst set of
motion patterns corresponding to the ?rst set of cardiac image

sequences and on a second set of cardiac image sequences.

sequences and a second set of motion patterns corresponding
to the second set of cardiac image sequences. The method also
comprises mapping the ?rst set of motion patterns to a ?rst

The present invention generally relates to a system and

method for improved cardiac image alignment. Particularly,
the present invention relates to a system and method for

graphical representation and mapping the second set of

temporally aligning a plurality of cardiac image sequences.
Medical diagnostic imaging systems encompass a variety
of imaging modalities, such as x-ray systems, computerized
tomography (CT) systems, ultrasound systems, electron
beam tomography (EBT) systems, magnetic resonance (MR)

motion patterns to a second graphical representation. The
method also comprises determining Whether the ?rst set of
cardiac image sequences and the second set of cardiac image
sequences Were generated from a similar point of vieW. If the
?rst set of cardiac image sequences and the second set of
cardiac image sequences Were generated from a similar point

systems, positron emission tomography (PET), single photon
emission computed tomography (SPECT), and the like.
Medical diagnostic imaging systems generate images of an

of vieW, the ?rst graphical representation is aligned With the
second graphical representation by minimiZing the error

object, such as a patient, for example, through exposure to an
energy source, such as x-rays passing through a patient, for

betWeen at least one point on the ?rst graphical representation
and at least one point on the second graphical representation.

example. The generated images may be used for many pur
poses.

20

One example for using the images generated by medical
diagnostic imaging systems is for cardiac imaging. Several
cardiac imaging techniques permit physicians to take a closer
look at the heart and vessels With minimal risk to the patient.
Different modalities, such as CT, EBT, MR, PET or SPECT,

provide complementary information about temporal struc
tures and pathologies. Cardiac images of a patient may be
acquired using the same modality at different times or using
different modalities and different times. Dynamic cardiac
images acquired at different times may be considered ?ve
dimensional, for example dynamic 3D images may be con
sidered four dimensional. Four dimensional images that are
acquired at multiple times may be considered ?ve dimen

25

a ?rst template. The ?rst template corresponds to the point of
vieW of the ?rst graphical representation. The second graphi
cal representation is aligned With a template, Wherein the
30

35

The combination of information from multiple cardiac
40

example, comprise 1500-5000 tWo dimensional images and
pose challenges to archiving, storage and data transfer. Align
ment of inter-modality and/or intra-modality images is also
challenging because images are captured in various orienta

image sequences. The locally linear embedding algorithm
45

50

tions and positions and at different scales. Typically, it is a

time consuming process to manually align the data. Gener

ally, gating techniques used in the clinical environment,
coupled With noise and error, are not consistent With each

55

other. For example, peripheral-gated images are usually
delayed With respect to precordial-gated images. Moreover,
gating information is usually not available When these images
are inspected. Also, different temporal resolutions are used
for different modalities and different diseases. These, among

sequences. The system comprises a processor and a memory.
The memory is in communication With the processor. The
memory includes program code executable by the processor
for performing a locally linear embedding algorithm on a ?rst
set of cardiac image sequences and on a second set of cardiac

ups.

For example, because of the rapid progresses in imaging

sentation until the ?rst graphical representation and the sec
ond graphical representation are aligned according to a
threshold value.
Certain embodiments of the present invention provide a

system for temporally aligning a plurality of cardiac image

especially When the clinical images are captured at different
time points, With different modalities and With different set
techniques, the amount of image data involved in a compre
hensive patient study is massive. Gated cardiac MRI or CT
sequences recorded from a complete cardiac cycle, for

second template corresponds to the point of vieW of the sec

ond graphical representation. The ?rst graphical representa
tion is aligned With the second graphical representation by
rotating the end-diastolic point for the ?rst graphical repre

sional. Typical examples may include dynamic cardiac CT

image modalities, for example MRI and CT, is of increasing
interest in the medical community for physiologic under
standing and diagnostic purposes. It is dif?cult, hoWever, to
fuse information from multiple dynamic clinical images,

cal representation are aligned according to a threshold value
If the ?rst set of cardiac image sequences and the second set
of cardiac image sequences Were not generated from a similar

point of vieW, the ?rst graphical representation is aligned With

scans and/or gated cardiac MRI scans acquired at 3-monthly

intervals. Another example may include dynamic cell groWth
and shape change examinations in Weekly intervals.

The graphical representations are further aligned by rotating
the end-diastolic point for the ?rst graphical representation
until the ?rst graphical representation and the second graphi

yields a ?rst set of motion patterns corresponding to the ?rst
set of cardiac image sequences and a second set of motion
patterns corresponding to the second set of cardiac image
sequences. The program executable code maps the ?rst set of
motion patterns to a ?rst graphical representation and maps
the second set of motion patterns to a second graphical rep
resentation. The program executable code determines
Whether the ?rst set of cardiac image sequences and the
second set of cardiac image sequences Were generated from a
similar point of vieW. If the ?rst set of cardiac image
sequences and the second set of cardiac image sequences
Were generated from a similar point of vieW, the ?rst graphical

representation is aligned With the second graphical represen
tation by minimiZing the error betWeen at least one point on
the ?rst graphical representation and at least one point on the
60

second graphical representation. The graphical representa
tions are further aligned by rotating the end-diastolic point for
the ?rst graphical representation until the ?rst graphical rep
resentation and the second graphical representation are

other problems, present a need for improved cardiac image

alignment.

Certain embodiments of the present invention provide a

aligned according to a threshold value.
If the ?rst set of cardiac image sequences and the second set
of cardiac image sequences Were not generated from a similar

method for temporally aligning a plurality of cardiac image

point of vieW, the ?rst graphical representation is aligned With

SUMMARY OF THE INVENTION
65
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a ?rst template, wherein the ?rst template corresponds to the
point of vieW of the ?rst graphical representation. The second

FIG. 4(b) illustrates a graphical representation of a MRI
sequence.

graphical representation is aligned With a second template,
Wherein the second template corresponds to the point of vieW
of the second graphical representation. The ?rst graphical
representation is aligned With the second graphical represen
tation by rotating the end-diastolic point for the ?rst graphical
representation until the ?rst graphical representation and the

FIG. 4(c) illustrates a graphical representation of a MRI
sequence.
DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates a system 100 for manipulating and vieW

ing medical images. The system 100 includes a computer unit

second graphical representation are aligned according to a
threshold value.
Certain embodiments of the present invention provide for a
computer-readable storage medium including a set of instruc

110. The computer unit 110 may be any equipment or soft
Ware that permits electronic medical images, such as ultra

sound, CT, EBT, MR, PET, or SPECT for example, to be
electronically acquired, stored, or transmitted for vieWing

tions for a computer. The set of instructions comprise a locally

and operation. The computer unit 110 may have at least one
processor and memory. The computer unit may receive input

linear embedding routine for performing a locally linear
embedding algorithm on a ?rst set of cardiac image

from a user. The computer unit 110 may be connected to other
devices as part of an electronic netWork. In FIG. 1, the con

sequences and on a second set of cardiac image sequences.

The locally linear embedding algorithm yields a ?rst set of
motion patterns corresponding to the ?rst set of cardiac image
sequences and a second set of motion patterns corresponding
to the second set of cardiac image sequences. The set of
instructions includes a mapping routine for mapping the ?rst
set of motion patterns to a ?rst graphical representation and
mapping the second set of motion patterns to a second graphi
cal representation. The set of instructions also includes a

20

archival communication system (PACS).
The system 100 also includes an input unit 120. The input
unit 120 may be a console having a track ball 122 and key
25

30

of vieW, the ?rst graphical representation is aligned With the
second graphical representation by minimiZing the error
betWeen at least one point on the ?rst graphical representation
and at least one point on the second graphical representation.

The graphical representations are further aligned by rotating
the end-diastolic point for the ?rst graphical representation
until the ?rst graphical representation and the second graphi
cal representation are aligned according to a threshold value.
If the ?rst set of cardiac image sequences and the second set
of cardiac image sequences Were not generated from a similar

35

40

45

50

FIG. 3(a) illustrates a graphical representation of a gated
MRI sequence short axis vieW and left volume histogram that
may be used in accordance With an embodiment of the present
invention.
FIG. 3(b) illustrates a graphical representation of a gated
MRI cardiac sequence long axis vieW that may be used in
accordance With an embodiment of the present invention.
FIG. 4(a) illustrates a graphical representation of a gated
CT sequence.

unit 1 10 may represent equipment and components of a PACS
system other than the display unit. The computer unit 1 1 0 and
display unit 130 may be separate units or be part of a single
unit. In the case of separate units, the display unit 130 may be
in electrical communication With the computer unit 110. The

mented in hardWare and/ or in software.
In an embodiment, the computer unit 110 may be con

nected to a medical diagnostic imaging system by the netWork
105. In an embodiment, the medical diagnostic imaging sys
tem may include, for example, a computerized tomography
(CT) system, an ultrasound system, an electron beam tomog
raphy (EBT) system, a magnetic resonance (MR) system, a

positron emission tomography system (PET), or a single pho
ton emission computed tomography system (SPECT).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of a system that may be used
in accordance With an embodiment of the present invention.
FIG. 2 illustrates a method that may be used in accordance
With an embodiment of the present invention.

invention.
In an embodiment, the system 100 is a PACS With display

components of the system 100 may be single units, separate
units, may be integrated in various forms, and may be imple

tation by rotating the end-diastolic point for the ?rst graphical
representation until the ?rst graphical representation and the
second graphical representation are aligned according to a
threshold value.

The display unit 130 may be a typical computer display unit.
The display unit 130 may be in electrical communication With
the computer unit 110 and input unit 120. In an embodiment,
the display unit 130 may represent multiple display units or
display regions of a screen. Accordingly, any number of dis
play units may be utiliZed in accordance With the present

unit 130 representing the display unit of PACS. The computer

point of vieW, the ?rst graphical representation is aligned With
a ?rst template. The ?rst template corresponds to the point of
vieW of the ?rst graphical representation and the second
graphical representation is aligned With a second template,
Wherein the second template corresponds to the point of vieW
of the second graphical representation. The ?rst graphical
representation is aligned With the second graphical represen

board 124. Other input devices may be used to receive input
from a user as part of the input unit 120. For example a
microphone may be used to receive verbal input from a user.
The system 100 also includes at least one display unit 130.

determining routine for determining Whether the ?rst set of
cardiac image sequences and the second set of cardiac image
sequences Were generated from a similar point of vieW. If the
?rst set of cardiac image sequences and the second set of
cardiac image sequences Were generated from a similar point

nection to the netWork is represented by line 105. The com
puter unit 110 may be connected to netWork 105 physically,
by a Wire, or through a Wireless medium. In an embodiment,
the computer unit 110 may be, or may be part of, a picture

55

In an embodiment, the computer system 100 may include
computer softWare for temporally aligning a plurality of car

diac image sequences. Temporally aligning a plurality of
cardiac image sequences may include aligning a plurality of
image sequences according to a point in time during the

cardiac cycle. The images may have been acquired by the
60

same modality and have similar points of vieW or different
modalities and may have different points of vieW. The com
puter unit 1 1 0 may include a processor for processing instruc
tions and a memory that is in communication With the pro

65

code executable by the processor for performing a locally
linear embedding algorithm on a ?rst set of cardiac image

cessor. In an embodiment, the memory includes program

sequences and on a second set of cardiac image sequences.
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The locally linear embedding algorithm yields a ?rst set of
motion patterns corresponding to the ?rst set of cardiac image

?rst set of motion patterns to a ?rst graphical representation
and map the second set of motion patterns to a second graphi

sequences and a second set of motion patterns corresponding
to the second set of cardiac image sequences. The computer

cal representation.
In an embodiment, the computer softWare may determine
Whether the ?rst set of cardiac image sequences and the
second set of cardiac image sequences Were generated from a
similar point of vieW. If the ?rst set of cardiac image
sequences and the second set of cardiac image sequences
Were generated from a similar point of vieW, the computer

softWare uses the motion patterns to map the ?rst set of

motion patterns to a ?rst graphical representation and map the
second set of motion patterns to a second graphical represen

tation. The ?rst graphical representation may then be aligned

With the second graphical representation by minimiZing the

softWare aligns the ?rst graphical representation With the
second graphical representation by minimiZing the error

error betWeen at least one point on the ?rst graphical repre
sentation and at least one point on the second graphical rep

betWeen at least one point on the ?rst graphical representation
and at least one point on the second graphical representation.

resentation.

The locally linear embedding algorithm minimiZes the
need to estimate pairWise distances betWeen Widely separated

For example, the computer softWare may align the ?rst
graphical representation and the second graphical represen

data points and recovers global nonlinear structure from

tation. The alignment may be modeled as a graph matching.

locally linear ?ts. The locally linear embedding algorithm

For example, given tWo graphs GM:(VM, EM) and GD:(VD,

assumes that the manifold is linear When vieWed locally. In an

ED), the alignment problem is to ?nd a one-to-one mapping f:

embodiment, the locally linear embedding algorithm may be

VDQVM such that (u, v)eED, iff (f(u), f(v))eED. With the

described as folloWs. Suppose a dynamic data set consists of
N images, Which can be reshaped into N real-valued vectors

20

graph representation, the alignment is transformed into a

minimiZation problem:

Kl- at dimensionality D, Well sampled from some underlying

EIEHVMMVDH+EHEMI—IEDH.

manifold. The reconstruction error (eR(u)))) is de?ned as:

Eq. (3)

In this implementation, the similarity matrix of vertices may
25

Eq. (I)

include gradients and gaussian curvatures, and the similarity
matrix of edges is length.
In an embodiment, the ?rst graphical representation and

the second graphical representation may be further aligned by
rotating the end-diastolic point for the ?rst graphical repre
rithm minimiZes the cost function subject to tWo constraints:

sentation until the ?rst graphical representation and the sec
ond graphical representation are aligned according to a
threshold value. The threshold value may be some value

(my-:0, if K1. is not one of neighbors of K1. and roWs of the

indicating the ?rst graphical representation and the second

To compute the Weights my, locally linear embedding algo

30

graphical representation are substantially aligned.

Weight matrix sum to one: 2 (Dy-:1. With the knoWn my, the

sional (d<<D) vector D2, While representing global internal

If the ?rst set of cardiac image sequences and the second set
of cardiac image sequences Were not generated from a similar
point of vieW, the computer softWare utiliZes one or more

coordinates on the manifold, by minimiZing the embedding

templates according to the point of vieW of the ?rst and

high dimensional observation X1. is mapped to a d-dimen

35

cost function (ed(u)))) subject to constraint Bl- Bl-T:
40

Eq- (2)

second graphical representations. For example, the ?rst
graphical representation is aligned With a ?rst template. The
?rst template may be selected from a plurality of templates
according to the point of vieW or modality of the ?rst graphi
cal representation. In an embodiment, the ?rst and second
graphical representations are aligned separately With a vieW

45

dependent template. The vieW dependent template is pre

The use of locally linear embedding is more fully described

created. In an embodiment, the template is created based on a

in RoWeis, S., Saul, L.: Nonlinear dimensionality reduction
50

supervised learning of locally linear embedding on several
sequences. For example, several representative sequences
may be manually aligned and the BI. for the model is obtained
by averaging the B1- from the learning sequence. The second

55

graphical representation may be aligned With a second tem
plate. The second template may be selected according to the
point of vieW of the second graphical representation.
Once the ?rst graphical representation and the second
graphical representation are aligned With the respective tem

by locally linear embedding. Science 290(5500) (2000)
2323-2326, the fall text of Which is herein incorporated by
reference.
In an embodiment, the output of the locally linear embed

ding algorithm yields motion patterns. The computer soft
Ware may map the motion patterns to a graphical representa

tion. For example, the points of the motion patterns may be
transferred into a graph (G:(V,E) Where V is a set of vertices
Which is de?ned as B1- and E is a set of edges that connect Bl

plates, the ?rst graphical representation may be aligned With
the second graphical representation. The alignment may be
performed by rotating the end-diastolic point for the ?rst
graphical representation until the ?rst graphical representa

With its temporal neighbors. With a graphical representation,
Bl- may be visualiZed in both 2D and 3D. A set of vertices
having a start vertex V17 may be de?ned Where V17 corresponds

60

tion and the second graphical representation are aligned

to the end-diastolic. In an embodiment having a ?rst set of

according to a threshold value. The threshold value may be

cardiac image sequences and a second set of cardiac image

some value indicating the ?rst graphical representation and
the second graphical representation are substantially aligned.

sequences, the locally linear embedding algorithm yields a
?rst set of motion patterns corresponding to the ?rst set of
cardiac image sequences and a second set of motion patterns
corresponding to the second set of cardiac image sequences.
The computer softWare uses the motion patterns to map the

FIG. 2 illustrates a method 200 for temporally aligning a
65

plurality of cardiac image sequences that may be used in
accordance With an embodiment of the present invention.

Temporally aligning a plurality of cardiac image sequences

US 8,165,361 B2
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may include aligning a plurality of image sequences accord
ing to a point in time during the cardiac cycle. The images
may have been acquired by the same modality and have

tation by minimiZing the error betWeen at least one point on
the ?rst graphical representation and at least one point on the

similar points of vieW or different modalities and may have

For example, the ?rst graphical representation may be
aligned With the second graphical representation. The align

second graphical representation.

different points of vieW. At step 210, a locally linear embed
ding algorithm is performed on a ?rst set of cardiac image

ment may be modeled as a graph matching. For example,

given tWo graphs GMIWM, EM) and GD:(VD,ED), the align

sequences and on a second set of cardiac image sequences. As

ment problem is to ?nd a one-to-one mapping f: VD VM such

described above in an embodiment, the locally linear embed
ding algorithm may be described as folloWs. Suppose a
dynamic data set consists of N images, Which can be reshaped
into N real-valued vectors A1. at dimensionality D, Well
sampled from some underlying manifold. The reconstruction

that (ua, v) eED, iff (f(u), f(v))eED. With the graph represen
tation, the alignment is transformed into a minimiZation prob
lem:
EIEHVMMVDH+EHEMI—IEDH.

error (eR(u)))) is de?ned as:

a

a

In this implementation, the similarity matrix of ver‘tices may
2

5%): E |A;—§ mil-A11.
-

Eq. (3)

include gradients and gaussian curvatures, and the similarity
matrix of edges is length.

Eq. (1)

At step 250, the ?rst graphical representation and the sec

j

i

To compute the Weights my, locally linear embedding algo

20

graphical representation are aligned according to a threshold

rithm minimiZes the cost function subject to tWo constraints:

value. The threshold value may be some value indicating the

(my-:0, if A2, is not one of neighbors of A:- and roWs of the
Weight matrix sum to one: 2 (Dy-:1. With the knoWn my, the
high dimensional observation Al. is mapped to a d-dimen

?rst graphical representation and the second graphical repre
sentation are substantially aligned.
25

sional (d<<D) vector Bi, While representing global internal
coordinates on the manifold, by minimiZing the embedding
cost function (ed(u)))) subject to constraint Bl. BiT:

If the ?rst set of cardiac image sequences and the second set
of cardiac image sequences Were not generated from a similar

30

point of vieW, step 245 may be performed. The ?rst and
second graphical representations may be aligned With the ?rst
and second template, respectively. For example, the ?rst
graphical representation is aligned With a ?rst template. The
?rst template may be selected from a plurality of templates
according to the point of vieW or modality of the ?rst graphi
cal representation. In an embodiment, the template is created

35

based on a supervised learning of locally linear embedding on
several sequences. In an embodiment, the ?rst and second
graphical representations are aligned separately With a vieW

Eq. (2)

The use of locally linear embedding is more fully described

ond graphical representation may be further aligned by rotat
ing the end-diastolic point for the ?rst graphical representa
tion until the ?rst graphical representation and the second

in RoWeis, S., Saul, L.: Nonlinear dimensionality reduction

by locally linear embedding. Science 290(5500) (2000)

dependent template. The vieW dependent template is pre

2323-2326, the fall text of Which is herein incorporated by
reference. In an embodiment, the locally linear embedding
algorithm yields a ?rst set of motion patterns corresponding

created. For example, several representative sequences may
be manually aligned and the B1- for the model is obtained by
averaging the BI. from the learning sequence. The second
graphical representation may be aligned With a second tem
plate. The second template may be selected according to the
point of vieW of the second graphical representation. In an
embodiment, the templates correspond to at least one of the

40

to a ?rst set of cardiac image sequences and a second set of

motion patterns corresponding to a second set of cardiac

image sequences.
At step 220, the ?rst set of motion patterns are mapped to a

?rst graphical representation and the second set of motion
patterns are mapped to a second graphical representation. For
example, the points of the motion patterns may be transferred

45

electron beam tomography, positron emission tomography, or

single photon emission computed tomography.

into a graph (G:(V,E) Where V is a set of vertices Which is
de?ned as BI. and E is a set of edges that connect Bl. With its

temporal neighbors. With a graphical representation, Bl- may

50

be visualiZed in both 2D and 3D. A set of ver‘tices having a

start vertex V17 may be de?ned Where V17 corresponds to the
end-diastolic.
A decision is made at step 230 to determine hoW to align the

?rst and second graphical representations. At step 230, in an
embodiment, the point of vieW for the ?rst set of cardiac
image sequences and the second set of cardiac image
sequences is determined. Alternatively, the modality for the
?rst set of cardiac image sequences and the second set of
cardiac image sequences is determined. In an embodiment, if
the points of vieW are similar, step 240 and 250 are performed.
If the points of vieW are different, the steps 245 and 250 are

55

Once the ?rst graphical representation and the second
graphical representation are aligned With the respective tem
plates, the ?rst graphical representation may be aligned With
the second graphical representation at step 250. At step 250,
the ?rst graphical representation and the second graphical
representation may be further aligned by rotating the end
diastolic point for the ?rst graphical representation until the
?rst graphical representation and the second graphical repre
sentation are aligned according to a threshold value. The
threshold value may be some value indicating the ?rst graphi
cal representation and the second graphical representation are

substantially aligned.
60

FIGS. 3(a) and 3(b) illustrate respective graphics 300(a)

65

and 300(1)) in accordance With an embodiment of the present
invention. FIG. 3(a) illustrates an example of a graphical
representation of a gated MRI sequence short axis vieW and
left volume histogram that may be used in accordance With an
embodiment of the present invention. FIG. 3(b) illustrates a

performed.
If at step 230, it is determined that that the ?rst and second
graphical representations Were generated from a similar point
of vieW, step 240 is performed. At step 240, the ?rst graphical
representation is aligned With the second graphical represen

folloWing: computeriZed tomography, magnetic resonance,

graphical representation of a gated MRI cardiac sequence
long axis vieW that may be used in accordance With an

US 8,165,361 B2
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graphical representation may be further aligned by rotating

embodiment of the present invention. As illustrated in FIGS.
3(a) and 3(1)), EDV means ventricular end-diastolic volume
and ESV means the end-systolic volume.

the end-diastolic point for the ?rst graphical representation
until the ?rst graphical representation and the second graphi

As illustrated in FIGS. 3(a) and 3(1)), for example, since the

cal representation are aligned according to a threshold value.
The threshold value may be some value indicating the ?rst

cardiac movement is periodic, the vertices form a closed loop.
FIGS. 3(a) and 3(1)) have tWo similar half loops that corre
spond to the contraction and relaxation of the heart. Each
volume is indexed With respect to its order in the sequence. As
shoWn in the FIG. 3(a), image 1 to image 7 describe the

graphical representation and the second graphical represen
tation are substantially aligned.
In an embodiment, the ?rst set of cardiac image sequences
and said second set of cardiac image sequences are acquired
from the same modality. Alternatively, the ?rst set of cardiac
image sequences and said second set of cardiac image
sequences are acquired from different modalities. The ?rst
graphical representation may be a short axis or long axis vieW
and the second graphical representation may be a short axis or
a long axis vieW.
The technical effect of the invention is to temporally align
ing a plurality of cardiac image sequences. In an embodiment
of the present invention, the technical effect may be achieved
by performing a locally linear embedding algorithm on a ?rst

systole phase and image 8 to image 20 describe the diastolic
phase. The shape changes in the systole phase are more rapid
than in the diastolic phase. As illustrated, the shape of FIGS.
3(a) and 3(1)) are similar even through the start points are

different. The similarity in shape illustrates the periodic char
acteristic of heart motion. For example, When one part of the
heart is in motion the other parts may be still.

FIGS. 4(a), 4(1)), and 4(0) illustrate respective graphics
400(1)), 400(1)), and 400(c) in accordance With an embodi
ment of the present invention. FIG. 4(a) illustrates a graphical
representation of a gated CT sequence having temporal reso
lution of 10. FIGS. 4(1)) and 4(0) represent a graphical repre
sentation of MRI sequences having a temporal resolution of

20

25. The ?gures 400(1)), 400(1)), and 400(c) illustrate short axis
vieWs of possible graphical representations of that may be
used in accordance With an embodiment of the present inven
tion.
The system and method described above may be carried
out as part of a computer-readable storage medium including

25

If the ?rst set of cardiac image sequences has the same
point of vieW as the second set of cardiac image sequences,
30

ing a locally linear embedding algorithm on a ?rst set of
cardiac image sequences and on a second set of cardiac image

sequences. The locally linear embedding algorithm yields a
?rst set of motion patterns corresponding to the ?rst set of
cardiac image sequences and a second set of motion patterns
corresponding to the second set of cardiac image sequences.
The set of instructions also includes a mapping routine for
mapping the ?rst set of motion patterns to a ?rst graphical

35
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point of vieW, the set of instructions aligns the ?rst graphical
minimiZing the error betWeen at least one point on the ?rst
50

graphical representation. In an embodiment, the ?rst graphi
cal representation is further aligned With said second graphi
cal representation by rotating the end-diastolic point for the

?rst graphical representation.
If the ?rst set of cardiac image sequences and the second set
of cardiac image sequences Were not generated from a similar

cal representation are aligned according to a threshold value.
While the invention has been described With reference to
certain embodiments, it Will be understood by those skilled in
the art that various changes may be made and equivalents may
be substituted Without departing from the scope of the inven
tion. In addition, many modi?cations may be made to adapt a
particular situation or material to the teachings of the inven
tion Without departing from its scope. Therefore, it is intended
that the invention not be limited to the particular embodiment
disclosed, but that the invention Will include all embodiments
The invention claimed is:

1. A method for temporally aligning a plurality of cardiac

image sequences, said method comprising:

representation With a ?rst template. The ?rst template corre

performing a locally linear embedding algorithm on a ?rst

sponds to the point of vieW of the ?rst graphical representa

set of cardiac image sequences and on a second set of
60

one of the folloWing: computerized tomography, magnetic
resonance, electron beam tomography, positron emission

tomography, or single photon emission computed tomogra
phy. The set of instructions also aligns the second graphical
representation With a template. The second template corre
sponds to the point of vieW of the second graphical represen
tation. The ?rst graphical representation and the second

the ?rst and second graphical representations are aligned With
a template. The image sets are then further aligned by rotating
the end-diastolic point for the ?rst graphical representation
until the ?rst graphical representation and the second graphi

falling Within the scope of the appended claims.
55

point of vieW, the set of instructions aligns the ?rst graphical
tion. In an embodiment, the templates correspond to at least

least one point on the ?rst graphical representation and at least
one point on the second graphical representation. The image
sets are then further aligned by rotating the end-diastolic
point for the ?rst graphical representation until the ?rst

graphical representation and the second graphical represen

representation With the second graphical representation by
graphical representation and at least one point on the second

the ?rst graphical representation is aligned With the second
graphical representation by minimiZing the error betWeen at

tation are aligned according to a threshold value.
If the ?rst set of cardiac image sequences has a different
point of vieW as the second set of cardiac image sequences,

representation and mapping the second set of motion patterns
to a second graphical representation. The set of instructions
also includes a determining routine for determining Whether
the ?rst set of cardiac image sequences and the second set of
cardiac image sequences Were generated from a similar point
of vieW.
If the ?rst set of cardiac image sequences and the second set
of cardiac image sequences Were generated from a similar

rithm yields a ?rst set of motion patterns corresponding to the
?rst set of cardiac image sequences and a second set of motion
patterns corresponding to the second set of cardiac image
sequences. The ?rst set of motion patterns is mapped to a ?rst

graphical representation and the second set of motion patterns
is mapped to a second graphical representation.

a set of instructions for a computer. The set of instructions

may include a locally linear embedding routine for perform

set of cardiac image sequences and on a second set of cardiac

image sequences, Wherein the locally linear embedding algo

cardiac image sequences, Wherein said locally linear
embedding algorithm yields a ?rst set of motion patterns
corresponding to said ?rst set of cardiac image
sequences and a second set of motion patterns corre

65

sponding to said second set of cardiac image sequences;
mapping said ?rst set of motion patterns to a ?rst graphical
representation and mapping said second set of motion
patterns to a second graphical representation;
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determining Whether the ?rst set of cardiac image
sequences and said second set of cardiac image
sequences Were generated from a similar point of VieW,

image sequences and a second set of motion patterns
corresponding to said second set of cardiac image
sequences, and for mapping said ?rst set of motion pat
terns to a ?rst graphical representation and mapping said
second set of motion patterns to a second graphical

Wherein the similar point of VieW is a similar perspec

tive;
Wherein if the ?rst set of cardiac image sequences and said
second set of cardiac image sequences Were generated

representation, and for determining Whether the ?rst set
of cardiac image sequences and said second set of car
diac image sequences Were generated from a similar

from a similar point of VieW, aligning said ?rst graphical

representation With said second graphical representation

point of VieW, Wherein the similar point of VieW is a
similar perspective, and Wherein if the ?rst set of cardiac
image sequences and said second set of cardiac image
sequences Were generated from a similar point of VieW,
aligning said ?rst graphical representation With said sec

by minimizing the error betWeen at least one point on

said ?rst graphical representation and at least one point
on said second graphical representation;
Wherein if the ?rst set of cardiac image sequences and said
second set of cardiac image sequences Were not gener

ond graphical representation by minimizing the error

ated from a similar point of VieW, aligning the ?rst
graphical representation With a ?rst template, Wherein
said ?rst template corresponds to the point of VieW of the

?rst graphical representation and aligning the second
graphical representation With a second template,
Wherein said second template corresponds to the point of
VieW of the second graphical representation.

betWeen at least one point on said ?rst graphical repre
sentation and at least one point on said second graphical
representation, and Wherein if the ?rst set of cardiac

image sequences and said second set of cardiac image
20

2. The method of claim 1, Wherein said ?rst set of cardiac
image sequences and said second set of cardiac image
sequences are acquired from the same modality.
3. The method of claim 1, Wherein said ?rst set of cardiac

aligning the second graphical representation With a sec
25

ond template, Wherein said second template corresponds
to the point of VieW of the second graphical representa

image sequences and said second set of cardiac image
sequences are acquired from different modalities.
4. The method of claim 1, Wherein if the ?rst set of cardiac

image sequences and said second set of cardiac image
sequences Were generated from a similar point of VieW, align

sequences Were not generated from a similar point of

VieW, aligning the ?rst graphical representation With a
?rst template, Wherein said ?rst template corresponds to
the point of VieW of the ?rst graphical representation and

30

tion.
10. The system of claim 9, Wherein if the ?rst set of cardiac
image sequences and said second set of cardiac image
sequences Were generated from a similar point of VieW, align

ing said ?rst graphical representation With said second
graphical representation by minimizing the error between at

ing said ?rst graphical representation With said second
graphical representation by minimizing the error betWeen at

least one point on said ?rst graphical representation and at
least one point on said second graphical representation fur
ther includes rotating the end-diastolic point for the ?rst

least one point on said ?rst graphical representation and at
least one point on said second graphical representation fur
ther includes rotating the end-diastolic point for the ?rst

35

graphical representation until the ?rst graphical representa

graphical representation until the ?rst graphical representa

tion and the second graphical representation are aligned

tion and the second graphical representation are aligned

according to a threshold Value.

according to a threshold Value.

5. The method of claim 1, Wherein said ?rst graphical
representation is a short axis VieW.

11. The system of claim 9, Wherein if the ?rst set of cardiac
image sequences and said second set of cardiac image
sequences Were not generated from a similar point of VieW,
aligning the ?rst graphical representation With a ?rst tem

7. The method of claim 5, Wherein said second graphical
representation is a long axis VieW.
8. The method of claim 1, Wherein if the ?rst set of cardiac
image sequences and said second set of cardiac image
sequences Were not generated from a similar point of VieW,
aligning the ?rst graphical representation With a ?rst tem

plate, Wherein said ?rst template corresponds to the point of
VieW of the ?rst graphical representation and aligning the
second graphical representation With a second template,
Wherein said second template corresponds to the point of
VieW of the second graphical representation further includes
rotating the end-diastolic point for the ?rst graphical repre

representation is a short axis VieW.

40

6. The method of claim 5, Wherein said second graphical

plate, Wherein said ?rst template corresponds to the point of
VieW of the ?rst graphical representation and aligning the
second graphical representation With a second template,
Wherein said second template corresponds to the point of
VieW of the second graphical representation further includes
rotating the end-diastolic point for the ?rst graphical repre
sentation until the ?rst graphical representation and the sec
ond graphical representation are aligned according to a
threshold Value.
9. A computer system for temporally aligning a plurality of

45

50

ing: computerized tomography, magnetic resonance, electron
55

13. A non-transitory computer-readable storage medium
including a set of instructions for a computer, the set of

instructions comprising:
60

a locally linear embedding routine for performing a locally
linear embedding algorithm on a ?rst set of cardiac
image sequences and on a second set of cardiac image

a memory in communication With said processor, said

memory including program code executable by the pro
cessor for performing a locally linear embedding algo

sequences, Wherein said locally linear embedding algo
rithm yields a ?rst set of motion patterns corresponding

rithm on a ?rst set of cardiac image sequences and on a

second set of cardiac image sequences, Wherein said

beam tomography, positron emission tomography, or single

photon emission computed tomography.

cardiac image sequences, the computer system comprising:
a processor;

sentation until the ?rst graphical representation and the sec
ond graphical representation are aligned according to a
threshold Value.
12. The system of claim 9, Wherein said ?rst template and
said second template correspond to at least one of the folloW

locally linear embedding algorithm yields a ?rst set of

to said ?rst set of cardiac image sequences and a second
set of motion patterns corresponding to said second set

motion patterns corresponding to said ?rst set of cardiac

of cardiac image sequences;
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a mapping routine for mapping said ?rst set of motion

16. The set of instructions of claim 13, Wherein if the ?rst
set of cardiac image sequences and said second set of cardiac
image sequences Were generated from a similar point of VieW,

patterns to a ?rst graphical representation and mapping
said second set of motion patterns to a second graphical

aligning said ?rst graphical representation With said second
graphical representation by minimizing the error betWeen at

representation;
a determining routine for determining Whether the ?rst set
of cardiac image sequences and said second set of car
diac image sequences Were generated from a similar
point of VieW, Wherein the similar point of VieW is a

least one point on said ?rst graphical representation and at
least one point on said second graphical representation fur
ther includes rotating the end-diastolic point for the ?rst

graphical representation until the ?rst graphical representa

similar perspective;

tion and the second graphical representation are aligned

Wherein if the ?rst set of cardiac image sequences and said
second set of cardiac image sequences Were generated

according to a threshold Value.
17. The set of instructions of claim 13, Wherein said ?rst

from a similar point of VieW, aligning said ?rst graphical

representation With said second graphical representation
by minimizing the error betWeen at least one point on

said ?rst graphical representation and at least one point
on said second graphical representation;
Wherein if the ?rst set of cardiac image sequences and said
second set of cardiac image sequences Were not gener

ated from a similar point of VieW, aligning the ?rst
graphical representation With a ?rst template, Wherein
said ?rst template corresponds to the point of VieW of the

?rst graphical representation and aligning the second
graphical representation With a template, Wherein said
second template corresponds to the point of VieW of the

second graphical representation.
14. The set of instructions of claim 13, Wherein said ?rst set
of cardiac image sequences and said second set of cardiac
image sequences are acquired from the same modality.
15. The set of instructions of claim 13, Wherein said ?rst set
of cardiac image sequences and said second set of cardiac

image sequences are acquired from different modalities.
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graphical representation is a short axis VieW.
18. The set of instructions of claim 17, Wherein said second
graphical representation is a short axis VieW.
19. The set of instructions of claim 17, Wherein said second
graphical representation is a long axis VieW.
20. The set of instructions of claim 13, Wherein if the ?rst
set of cardiac image sequences and said second set of cardiac
image sequences Were not generated from a similar point of
VieW, aligning the ?rst graphical representation With a ?rst

template, Wherein said ?rst template corresponds to the point
of VieW of the ?rst graphical representation and aligning the
second graphical representation With a second template,
Wherein said second template corresponds to the point of
VieW of the second graphical representation further includes
rotating the end-diastolic point for the ?rst graphical repre
sentation until the ?rst graphical representation and the sec
ond graphical representation are aligned according to a
threshold Value.

