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2

FEATURE-BASED COMPOSING FOR 3D MR
ANGIOGRAPHY IMAGES

nance angiography of loWer-extremity arterial disease, Sur

gery Clinics ofNorth America, 4(78):519-537, August 1998.
Examinations are also made of the abdominal region as Well

CROSS-REFERENCE TO RELATED
APPLICATIONS

as the upper body. See, M. R. Prince, Gadolinium-enhanced

MR aortography, Radiology, (191):166-164, 1994.
Physicians can noW obtain angiograms covering the Whole
body for the complete vascular system examination. Due to
the technical limitations of the MR systems, hoWever, it is not
possible to obtain the full body scan at once. It is only recently
that the technology is approaching this goal With scanners

This application claims the bene?t of US. Provisional

Application No. 60/604,133, ?led Aug. 24, 2004, Which is
incorporated herein by reference.
BACKGROUND OF THE INVENTION

that alloW large ?eld of vieW and volumes to be obtained in a
single pass. HoWever, there exists a great amount of data from

The present invention relates to system and methods for

previous procedures, When patients often had to be reposi
tioned in betWeen acquisitions. During the Whole body imag

composing images for magnetic resonance angiography.
Magnetic Resonance (MR) Angiography (MRA) is a tech

ing, a series of volumes is acquired and to enable diagnostic
excellence in their interpretations, it is desired to visualize
them jointly in one composed volume.

nique to image vasculature in a human body. During data
acquisition, a set of volumes covering the Whole body or
peripheral vessels is obtained. One issue that needs to be

There is a considerable amount of Work on the medical

addressed is the problem of aligning (registering) these vol
umes to produce a single compact image.

20

MRA has developed as a Way of generating a predictable
image contrast due to the nature of a blood How. A contrast

tems and methods for accomplishing the process of vieWing a
series of volumes in one composed volume automatically,
Without human intervention, are needed.

agent is usually applied prior to the imaging to enhance the
visibility of vascular structures. MRA enables a physician to

perform a complete range of body vasculature examinations.
See, for example, V. M. Runge, J. Kirsch, and C. Lee, Con
trast-enhanced MR angiography, Journal ofMagnetic Reso
nance Imaging, (3):233-239, 1993; H. H. Schild and C. K.
Kuhl, Contrast-enhanced magnetic resonance angiography,

25

potential applications and pitfalls in magnetic resonance
angiography-guided therapy: a revieW, Investigative Radiol
ogy, 9(9):524-527, 1998 and Anil N. Shetty, Kostaki G. Bis,
and Ali Shirkhoda, Body vascular MR angiography: Using
2d- and 3d-time-of-?ight techniques, Concepts in Magnetic
Resonance, 12(4):230-255, 2000. This includes the diagnosis
of circulatory diseases in diabetics and other patients. See, for

30

example, I. F. Dyet, A. A. Nicholson, and D. F. E. Ettles,
Vascular imaging and intervention in peripheral arteries in the
diabetic patient, Diabetes/Metabolism Research and
Reviews, 16:S16-S22, 2001.
Peripheral angiography is performed to visualize the arter
ies aWay from the center of the body. See, for example, S. E.
Harms and D. P. Flamig, Magnetic resonance angiography,

SUMMARY OF THE INVENTION

35

second edge map at a plurality of overlapping positions is
determined. The optimal alignment of the tWo volumes is
40

In accordance With another aspect of the present invention,
each of the plurality of volumes is sheared based on the tilt
45

angle to correct distortion caused by different tilt angles of the

composing volumes.

50

phy of peripheral runoff vessels, Journal of Vascular Surgery,
55

In accordance With a further aspect of the present inven
tion, a search range that speci?es the range of possible values
of alignment parameters is determined and the step of detect
ing edges in each of the plurality of volumes to determine
feature volumes in each of the plurality of volumes is only
performed in the search range.
In a preferred embodiment of the present invention, every
other voxel from each of the plurality of volumes is discarded
before performing any steps. This results in a coarse determi
nation of correlation and alignment. Then, once a coarse

alignment has been determined, the processing is done in full
resolution to determine a ?ne correlation and a ?ne align

Initial clinical experience, Radiology, 224(1):270-277, 2002;
Thomas M. Grist, MRA of the abdominal aorta and loWer

determined by maximizing the correlation value. Thus, the
overlapping position having the maximum correlation is

deemed by optimal alignment.

blood How to the legs. See, for example, I. P. Carpenter, R. S.
OWen, R.A. Baum, C. Cope, H. D. BerkoWitz C. F. Barker, M.
A. Golden, and L. J. Perloff, Magnetic resonance angiogra

16(6): 807-8 1 5, December 1992; M. Goyen, H. H. Guick, J. F.
Debatin, M. E. Ladd, J. Barkhausen, C. U. Herbom, S. Bosk,
H. Kuehl, M. Schleputz, and S. G. Ruehm, Whole-body three
dimensional MR angiography With a rolling table platform:

plurality of volumes are detected to determine feature vol
umes in each of the plurality of volumes. TWo edge maps,

corresponding to the tWo volumes being aligned, are formed.
In the next step, the correlation of the ?rst edge map to the

peripheral vessels, Radiology, (225):43-52, 2002. One ofthe
most common applications is to examine arteries that supply

In accordance With one aspect of the present invention, a
method of aligning a plurality of volumes from a single
patient is provided. In a ?rst step, data from each of the
plurality of volumes are equalized according to a maximum

resolution of the plurality of volumes. Thus, the pixel sizes in
the images are equalized. Then, the edges in each of the

application to the peripheral circulation, Investigative Radi
ology, (27):S80-S83, December 1992 and J. S. SWan, T. J.
Carroll, T. W. Kennell, D. M. Heisey, F. R. Korosec, R.
Frayne, C. A. Mistretta, and T. M. Grist, Time resolved three
dimensional contrast-enhanced MR angiography of the

image registration topic dealing With different volume scales,
rotations, af?ne (or higher order) transformations, deforma
tions, multi modality and other complications. HoWever, sys

ment.
60

The present invention also provides a system for aligning a

extremities, Journal ofMagnetic Resonance Imaging, 11(1):

plurality of volumes from a single patient that implements

32-43, January 2000; M. J. Koelemay, J. G. Lijmer, J. Stoker,

these steps. The system includes means for equalizing data
from each of the plurality of volumes to a maximum resolu
tion of the plurality of volumes, means for detecting edges in
each of the plurality of volumes to determine feature volumes
in each of the plurality of volumes, and means for performing
the above described correlations.

D. A. Legemate, and P. M. Bossuyt, Magnetic resonance
angiography for the evaluation of loWer extremity arterial
diseases: A meta-analysis, The Journal of the Americal
Medical Association, (285):1338-1345, 2001 and O. C.
Velazquez, R. A. Baum, and J. P. Carpenter, Magnetic reso
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one acquisition set are read and equalized to the highest
resolution out of all in the given volumes. This creates a
plurality of volumes With the same resolution.

In accordance With one aspect of the present invention, the

problem addressed falls into the category of rigid registration
algorithms. One of the objects of the present invention is to

spatially align a ?xed image If With a moving image It by
determining the optimal set of translation parameters (tx, ty, tZ)

The required output of the process of the present invention
is a single composite volume along With the alignment param
eters. Thus, this equalization Would be necessary regardless

along x, y, Z (horizontal, vertical, depth) axes respectively. In
accordance With another aspect of the present invention, this
is accomplished by computing the normalized cross correla

of the feature extraction or optimization algorithm used. The
information stored in the DICOM header is collected and
utilized throughout the execution. Depending on the imaging

tion on the feature volume pairs, Where features are detected

as edges in 2D slices of the original volumes. An exhaustive
search is conducted to ?nd the global maximum of the corre
lation score. Computation is preferably done in a multi-scale,
multi-resolution manner, as previously described, to compen
sate for the high cost of the correlation and optimum search.
It is an object of the present invention to align multiple
MRA volumes. In a preferred embodiment of the present

protocol, volumes can exhibit various amounts of distortion

(caused by MR image reconstruction) and even though most
of these are corrected during the acquisition process, We
usually need to correct for shearing based on the tilt angle, a
value contained in the DICOM header. Other parameters,

such as relative table position and image position alloW the
computation of suggested parameters, Which are alignments
(shifts in horizontal, vertical and depth directions) used for

invention, the multiple volumes do not exhibit any geometric
distortion.
DESCRIPTION OF THE DRAWINGS

20

FIG. 1 illustrates the steps in a process in accordance With
one aspect of the present invention.

highest resolution of the volumes being processed is selected

FIG. 2 illustrates a correlation step in accordance With one

aspect of the present invention.
FIG. 3 illustrates another correlation step in accordance
With another aspect of the present invention.
FIG. 4 illustrates a single image obtained from the present
invention.
FIG. 5 illustrates a system in accordance With one aspect of

computing the search range, a range of possible values of
alignment parameters from Which the best set of values is
chosen.
In the equalization process, as previously mentioned, the

25

and all voxels in the volumes being processed are normalized
to the minimum voxel size. By equalizing the data, the data
can be properly correlating in a later step.
Once these preprocessing steps have been completed, in

step 12, edge detection is performed. The injection of the
contrast medium and the use of enhancement coils Will pro
30

duce images that have often very different intensity distribu
tion even at the corresponding locations that are to be aligned

the present invention.

together. See, for example, Mathias Goyen, Stefan G. Ruehm,
DESCRIPTION OF A PREFERRED
EMBODIMENT
35

Medical imaging devices, such as a magnetic resonance

Jrg Barkhausen, Knut Krger, Mark E. Ladd, Karl-Heinz
Truemmler, Silke Bosk, Martin Requardt, Arne ReykoWski,
and Jrg F. Debatin. Improved multi-station peripheral MR
angiography With a dedicated vascular coil. Journal ofMag

imaging machine, produce volumes. In today’s imaging pro

netic Resonance Imaging, 13(3):475-480, 2001 and M. R.

cedures a plurality of volumes of a body are taken, creating a
40

Prince. Gadolinium-enhanced MR aortography. Radiology,
(191):166-164, 1994, both ofWhich are hereby incorporated
by reference.

45

ant to intensity changes, insensitive to noise, repeatable and
relatively fast to compute. A standard Canny edge detector
can perform the task quite Well and is preferably used to
detect edges in 2D (horizontal-vertical) slices of the input

plurality of volumes of data.
In accordance With one aspect of the present invention, a

plurality of volume are processed and then aligned to form

It is preferably to detect reliable features that Will be invari

one volume. The volumes are preferably derived from Mag
netic Resonance Angiography procedures, but can be derived

from other medical imaging techniques. In accordance With
one aspect of the present invention, the technique ?rst detects

edges in volumes and then aligns them using normalized
cross correlation. Speedup is preferably achieved by multi

volumes. See, for example, J . Canny, A computational
approach to edge detection. IEEE Transactions on Pattern

resolution processing. Results shoW alignment errors that are
Within the tolerance of a human observer judgment of What

Analysis andMachine Intelligence, 8(6):679-698, November
1986, Which is incorporated by reference.

the actual best manual alignment is, on average 1.28, 3.60,
2.05 voxels in horizontal, vertical and depth directions

50

respectively.

bones. More importantly, the strongest edges are found

Referring to FIG. 1, the steps to align a plurality of volumes

around vessels that appear very bright on a dark background
due to the contrast enhancement. Nonmaxima suppression

in accordance With one aspect of the present invention are

illustrated. In step 10, initial preprocessing steps are per

55

formed. These steps include volume shearing and equaliza

60

memory issues With the process and further discusses results

image ?le formaticorresponding to a single patient from

shearing Will cause the originally block shaped (foreground)
data to be contained in a block and surrounded by a dark

background (usually having zero intensity value). This has

obtained using the process. Thus, the process of the present
invention preprocesses the volumes, detects edges and aligns
them using normalized cross correlation. Each of these steps
is discussed in greater detail in the folloWing sections. The
volumes in DICOM formatia standard, Well knoWn medical

Will provide a pixel Wide lines and hysteresis thresholding
removes Weak edges. The edge map is not binarized.
To save computation, the features are computed only for
the search range, i.e. those parts of the volumes that Will be
used to ?nd the alignment values. Distortion corrections or

tion. In step 12, edge detection to extract features is per
formed. In step 14, an optimal search for alignment,
preferably using normalized cross correlation measures, is

performed. This speci?cation also discusses speed and

Strong edges are most often detected at the boundary of
vessels and other anatomical structures such as organs and

65

the undesired effect of the presence of edges around the
original data volume. They are removed by a mask found
from non-background voxels and eroded by 1 voxel in all
directions.
Next, normalized cross correlation is performed in step 14.

US 8,265,354 B2
5

6

At this step, the feature volumes have been obtained and
the best alignment of the feature volumes must be deter
mined. In accordance With one aspect of the present inven

alignment computation. Strength of each voxel, that gets cor
related, is equal to the strength of the edge. This is Why We did
not binarize the image during feature computation.

tion, this is performed by maximizing an objective function.

The exhaustive search is performed to maximize the obj ec
tive function in Equation 1. We have investigated faster Ways
of arriving at the maximum value, such as gradient-based

This function compares the tWo feature volumes (edge maps)
and determine What translation betWeen them optimizes its
value.

methods, for example, but these could easily be trapped in the
local minima due to the complexity of the alignment data.
Quality of the alignment is re?ected in the correlation score
and is mapped to values betWeen 0 and 100 With a piece-Wise
linear function.
To compensate for the high cost of the exhaustive search
and cross correlation, the images are processed in a multi
scale manner in accordance With another aspect of the present
invention. In accordance With this aspect of the present inven
tion, the resolution of the ?rst volume of data and the resolu

FIG. 2 illustrates the correlation process in accordance
With one aspect of the present invention in greater detail. TWo
edge maps 15 and 16 are illustrated in a ?rst overlapping

position. A correlation value, X1, is determined for the ?rst
position. The tWo edge maps 15 and 16 are then moved into a

plurality of overlapping positions, and the correlation for
each position is determined. For example, in the middle illus
tration, the tWo edge maps 15 and 16 are in a neW overlapping

position, and a correlation value, X2, is determined. Simi
larly, in the bottom illustration, the tWo edge maps 15 and 16

tion of the second volume of data is reduced. This can be

accomplished, by Way of example, by selecting alternate

are in a third overlapping position, and a correlation value,

voxel values in each volume of data.
The processing of the data then proceeds as illustrated in

X3, is determined. The best alignment of the edge maps 15
and 16 is determined by the maximum correlation value.
Thus, if X2 is the maximum correlation, then the middle
overlapping position of the edge maps is deemed the optimal

FIG. 1. Thus, a coarse correlation value is determined based
on a loWer resolution of the available data. Because a loWer
amount of data is processed in the coarse correlation deter

alignment.
It is preferred to use a normalized cross correlation With a

feW modi?cations that Will correct some of the drawbacks of

mination, the processing speed is fast.
25

The coarse alignment is then used to limit the area that is

processed in the next step. The range of overlapping positions

this measure. The preferred correlation equation is expressed

in Which a correlation is calculated is limited. The correlation

as follows.

of the tWo feature volumes (edge map s) in the limited number

of overlapping positions is determined, and the optimal align
30

2 [1m - mtmp +1) - m

(1)

peO

FIG. 3 are determined by down-sampling the edge maps With
the original resolutions. The range of overlapping positions in

1,

peO

peO

}?
35

if z

ment is determined by a maximum value of the correlations.
This is illustrated in FIG. 3. The edge maps 15 and 16 in

FIG. 3 is determined by the coarse correlation from the prior
step. The determination of the correlations illustrated in FIG.

Where

3 is therefore based on a full resolution of the images, and can

1

be thought of as a ?ne correlation determination. The optimal

22
If(P),
peO

(2)
40

and

it = 1

221m.

alignment is determined by maximizing the ?ne correlation

(3)

peO
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Where Ifis the ?xed image (such as the ?rst edge map 15), It
is the moving image (such as the second edge map 16), p:(px,
py, pZ) is the location of the ?xed image, t:(tx, ty, tZ) is the
current translation of the moving image With respect to the
?xed image, n is the number of points being considered in the

50

overlap region 0 and If, I are algebraic means of the pixel
values from the ?xed and moving volume respectively, com

puted in the overlap region 0.
The cross correlation is knoWn to favor alignments With

large overlap of areas of homogeneous intensity. These Will

55

also cause a ?atness of the similarity measure maxima. In our

case We have edges in the foreground and often very large
regions With dark background. To make the correlation re?ect
the goodness of the alignment better, it is preferred not to
cross correlate voxels, if both of the voxels come from the

masked out during preprocessing), this part is skipped during

reason for this simple doWnscaling algorithm, although a
more complicated interpolation process could also be used.
Best alignment parameters are found in the doWnscaled
search range and the ?ner level re?nes the translation param
eters around the (upscaled) optimal solution from the coarse
level. Using more levels did not prove bene?cial because of
the additional cost of doWn-sampling operation and because
volumes lose too much signi?cant information.
In accordance With a preferred embodiment, multiple vol

umes are processed sequentially, by pairs. This processing
continues until all volumes have been processed and aligned.
It is further preferred that When the alignment parameters for
the particular pair are knoWn, all partial results and temporary
variables (including feature volumes) are freed from the
memory. At the end of the composing process, only the origi

nal volumes and composed result (With blended overlap
60

background. This avoids favoring alignments for Which most
of the background overlaps. If edges in one image fall on the
background in the other image, hoWever, they get penalized as
misaligned. The cross correlation is computed only in the
overlap region, so if any part of the ?rst volume falls outside
of the second one (considering only region that has not been

values.
This improves computation speed and conserves on
memory usage. In accordance With a preferred embodiment,
the original feature volume is doWn-sampled one level dis
carding every other voxel. Faster computation Was the main

regions) are kept in memory. The memory usage throughout
the program execution Will not exceed this amount.

FIG. 4 illustrates results obtained from the present inven
tion. One volume (the one With highest resolution) in the
composed set in FIG. 4 is 352><5l2><96 and the maximum
65

possible overlap region (across the search range shifts) is
351 ><67><73 voxels. It took 13 seconds to compose the data set
of three volumes illustrated in FIG. 2.

US 8,265,354 B2
8

7

Although the invention herein has been described With
reference to particular embodiments, it is to be understood
that these embodiments are merely illustrative of the prin
ciples and applications of the present invention. It Will be

The algorithm Was tested on a collection of 12 patient

series, a total of 3 1 volume pairs, and compared to the manual

alignments collected by tWo observers. The table presented
beloW summarizes the results. The ?rst tWo roWs of the table

shoW average distances (error in alignment) in each direction

apparent to those skilled in the art that various modi?cations
and variations can be made to the method of the present

and combined Euclidean distance and the third roW shoWs an

invention Without departing from the spirit and scope of the
invention. Thus, it is intended that the present invention

intra observer error, ie. distance (average error) betWeen the
tWo observers. The average distances are in voxels in hori

zontal (H), vertical (V), depth (D) directions and average

include modi?cations and variations that are Within the scope

Euclidean distance of 31 automatic (A) volume alignments
from tWo manual alignments (O1, 02). The third roW shoWs

of the appended claims and their equivalents.
The invention claimed is:
1. A method of aligning by a processor of a plurality of

average error With respect to the tWo observers. Last roW gives
average distances betWeen the tWo observers. The error is

volumes from a patient, comprising:

larger in the vertical direction. This is because the vessels

reading by the processor of the plurality of volumes being
Magnetic Resonance Angiography (MRA) volumes in

(structures With the highest contrast) run from the image top
to the image bottom, so their manual localization in horizon
tal direction is much more precise than the localization in
vertical direction, Where there is often not enough landmarks

to help. Larger error in the depth direction is caused by the
loWer depth resolution and the physical structure of the vol

DICOM format and correcting at least one of the plural
ity of volumes for shearing based on a tilt angle obtained
from a DICOM header;
20

ume (human anatomy). For example, When using MIP image
(along horizontal direction) of the leg volumes to ?nd the
depth shift, the intensities of the tWo legs get mixed together
and the MIP image is often very cluttered. Moreover, the
resolution in the depth direction is loW and thus it is hard to

of the plurality of volumes Within a search range and a

plurality of 2D slices of a second volume of the plurality
25

cated to decide, What the best alignment is.

30

H

V

D

Euclidean

A vs. 01
A vs. 02

1.26
1.29

4.00
3.19

2.23
1.87

5.42
4.48

A vs. 01, 02
01 vs. 02

1.28
1.00

3.60
3.45

2.05
2.35

4.95
5.63

ing the localization precise and accurate
e?iciency: fast to compute
robustness: invariant to intensity inhomogeneity caused by
surface coils, reliable and repeatable features
Using edges in 3D de?ned as local extrema of the gradient

image It With a translation t:(tx, ty, tZ) With respect to the
?xed image;
determining the search range based on a shift in a horizon
35

40

?rst and the second volume to determine a best align
ment of the ?rst volume and the second volume.
2. The method as claimed in claim 1, further comprising:
45

50

Referring to FIG. 5, a system in accordance With one aspect

55

invention, either in Whole or in part.

found When the correlation of the plurality of overlapping
positions is maximized.
5. The method as claimed in claim 1, Wherein the correlat

mula:
60

2 [1m — wimp + 0-11]
peO

computing station. The display system 24 can display the

single volume of images derived by the steps of the present

volumes.
3. The method as claimed in claim 1, further comprising
aligning the ?rst volume and the second volume based on the
correlation step to form a single image.
4. The method as claimed in claim 1, Wherein the best
alignment betWeen the ?rst volume and the second volume is

ing step is determined by maximizing the output of the for

is preferably a personal computer or a more poWerful com
puting device, such as a Workstation or a multi-processor

individual volumes of images or can also display the aligned

detecting edges in the remaining plurality of volumes to
form additional edge maps; and
determining the correlation of adjacent edge maps to deter
mine the best alignment of the remaining plurality of

alignment errors are Within tolerance region in Which the

including Without limitation, the steps of equalizing, edge
detecting and comparing and aligning. The processing system

overlapping positions in the overlap region 0 containing
the location p for all 2D slices in the overlap region of the

derivative computation (in depth direction). The average

of the present invention is illustrated. An imaging system 20
generates data that results in a plurality of volumes of image
data. The imaging system 20 is typically a magnetic reso
nance machine, but may include other types of imaging
devices. A processing system 22 receives the plurality of
volume of images in accordance With the method of the
present invention as previously discussed. The processing
system 22 performs each of the previously discussed steps,

tal, vertical and depth direction of a parameter, the
parameter determined from at least a relative table posi
tion and an image position; and

determining a correlation of the ?rst plurality of edge maps
to the second plurality of edge maps at a plurality of

magnitudes Were also considered, but the alignments Were
not better and the speed decreased due to the additional

decision about the best alignment is often ambiguous.

lfWith a location p:(px, py, pZ);
designating the second plurality of edge maps as a moving

In summary, using edges detected in 2D slices as features
have properties that make the composing very successful. The
three desired properties are:
localization: outline the anatomical structure exactly mak

of volumes Within the search range to form a ?rst and a

second plurality of edge maps, respectively, the ?rst and
second edge maps having an overlap region Wherein the
overlap region depends upon the search range;
designating the ?rst plurality of edge maps as a ?xed image

align the depth manually because it is usually very compli

Distance

equalizing the plurality of volumes With the highest reso
lution of the plurality of volumes;
detecting edges in a plurality of 2D slices of a ?rst volume

65

{2 [1m - 0122 [up +1) - m2
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12. The system as claimed in claim 10, further comprising

-continued

means for aligning the remaining volumes based on the cor

Where
,

relation step to form a single image.
13. The system as claimed in claim 10, Wherein the best
alignment betWeen the ?rst volume and the second volume is
found When the correlation of the plurality of overlapping

1

If = 221m).
peO
and

positions is maximized.
14. The system as claimed in claim 10, Wherein the means

L:

for determining the correlation maximizes the output of the
formula:

6. The method as claimed in claim 1, wherein the step of

equalizing equalizes the size of voxels in all the volumes.

2 [1m - mtmp + I) - m

7. The method as claimed in claim 1, Wherein the step of

detecting edges uses a Canny edge detector.

f(r) = {2 [1m - 0122 [up +1) - i,12}2
peO

8. The method as claimed in claim 1, further comprising:

peO

forming the ?rst and second edge maps by doWn-sampling
edge maps derived from volumes having full resolution,
Whereby the ?rst and second edge maps represent a

Where
20

if:

coarse resolution;
selecting an optimized alignment on the coarse resolution

peO

and

edge maps by maximizing coarse correlation values; and
determining an optimized alignment on the original reso

lution edge maps by maximizing ?ne correlation values

l

25

22 11W)

around the optimized alignment on the coarse resolu
tion.
9. The method as claimed in claim 1, Wherein one or more

voxels of a background in the ?rst plurality of edge maps

15. The system as claimed in claim 10, Wherein the means
30

overlapping With one or more voxels of a background in the

16. The system as claimed in claim 10, Wherein the means

second plurality of edge maps do not contribute to the corre
lation.
10. A system for aligning a plurality of volumes from a

for detecting edges uses a Canny edge detector.
17. The system as claimed in claim 10, further comprising:
means for forming the ?rst and second edge maps by doWn

sampling edge maps derived from volumes having full
resolution, Whereby the ?rst and second edge maps rep

patient, comprising:
means for reading the plurality of volumes being Magnetic
Resonance Angiography (MRA) volumes in DICOM

resent a coarse resolution;

means for selecting an optimized alignment on the coarse

format and correcting at least one of the plurality of
volumes for shearing based on a tilt angle obtained from

resolution edge maps by maximizing coarse correlation
values; and

a DICOM header;

means for determining an optimized alignment on the

means for equalizing the plurality of volumes With the

original resolution edge maps by maximizing ?ne cor

highest resolution of the plurality of volumes;
means for detecting edges in a plurality of 2D slices of a
?rst volume of the plurality of volumes Within a search
range and in a plurality of 2D slices of a second volume
of the plurality of volumes Within a search range to form
a ?rst and a second plurality of edge maps, respectively,

the ?rst and second edge maps having an overlap region,
Wherein the-overlap region of the ?rst and the second
volume depends upon the search range;

for equalizing equalizes the size of voxels in all the volumes.

relation values.
18. The system as claimed in claim 10, Wherein one or
45

more voxels of a background in the ?rst plurality of edge

50

the second plurality of edge maps do not contribute to the
correlation.
19. A system for aligning a ?rst volume of image data and
a second volume of image data from a single patient, com

maps overlapping With one or more voxels of a background in

prising:

means for determining the search range based on a shift in

a device for imaging a body part to form the ?rst volume

a horizontal, vertical and depth direction of a parameter,
the parameter determined from at least a relative table

and the second volume;
a processor that reads the plurality of volumes being Mag
netic Resonance Angiography (MRA) volumes in

position and an image position; and

55

means for determining a correlation of the ?rst plurality of

edge maps to the second plurality of edge maps for all
2D slices in the overlap region of the ?rst and the second
volume to determine a best alignment of the ?rst volume
and the second volume.
11. The system as claimed in claim 10, further comprising:

60

means for detecting edges in the remaining plurality of
volumes to form additional edge maps; and

means for determining the correlation of adjacent edge
maps to determine the best alignment of the remaining
plurality of volumes.

65

DICOM format and corrects at least one of the plurality
of volumes for shearing based on a tilt angle obtained
from a DICOM header, that equalizes data from the ?rst
volume and data from the second volume, that detects
edges Within a search range in the ?rst volume to form a
?rst plurality of edge maps of a plurality of 2D slices of
the ?rst volume, that detects edges Within a search range
in the second volume to form a second plurality of edge
maps of a plurality of 2D slices of the second volume, the

?rst and second edge maps having an overlap region, the
overlap region being determined by a search range,
based on shifts in a horizontal, vertical and depth direc

US 8,265,354 B2
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tion of a parameter, the parameter determined from at
least a relative table position and an image position, that
performs determining a correlation betWeen the ?rst

12
means for displaying a single image derived from the ?rst
and second Volumes.
20. The system as claimed in claim 19, Wherein a plurality

plurality of edge maps and the second plurality of edge
of Volumes from a single patient is processed and the best
maps at a plurality of overlapping positions in the search 5 alignment of the plurality of Volumes is determined.
range betWeen the ?rst plurality of edge maps and the
second plurality of edge maps, and that determines the
best alignment of the ?rst Volume and the second Volume
based on the correlation; and
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