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FIG. 2
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FIG. 5

Acquire an ultrasound frame at position one. 502
Acquire an ultrasound frame at position two. | ~504
Establish the location of N registration kernels. 500
Compute (x';,y';) for each kemel utilizing SAD. | 508
Calculate rotation angle 8¢ utilizing Equation 8. |~510

Calculate linear shift (ag,bg) by utilizing Equation 5 and Equation 6.

-0r- | 512
Calculate linear shift (ag,be) by utilizing Equation 1 for each kemel,
then calculating the mean value of ag and bg .
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Generate EFOV image. | 916
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METHOD AND APPARATUS FOR ROTATION
REGISTRATION OF EXTENDED FIELD OF
VIEW ULTRASOUND IMAGES

BACKGROUND OF INVENTION

Certain embodiments of the present invention generally
relate to ultrasound imaging for the purpose of medical
diagnosis. In particular, certain embodiments of the present
invention relate to calculating the rotation angle and the
linear shifts between successive ultrasound image frames in
order to obtain an extended field of view ultrasound image.

Ultrasound systems are commonly used to produce
images of internal anatomy. An ultrasound system may, for
example, be used to view the anatomy of a human patient for
the purpose of diagnosing disease or determining an appro-
priate course of medical treatment. The system utilizes an
ultrasound probe to acquire an image of the patient’s
anatomy. The size of the field of view of the acquired image
is limited by the aperture size of the probe. Unfortunately,
the region of interest within the patient may be larger than
the available field of view. In this example, the probe is
moved to acquire individual image frames of the region of
interest, where such frames were outside the probe’s initial
field of view. Viewing large regions of interest in this
manner, wherein only a portion of the anatomy of interest
can be viewed at one time, may be confusing and could
potentially limit the ability of the operator to correctly
diagnose the patient.

To overcome the size limitation of the available field of
view, the imaging technique referred to as “Extended Field
of View” (EFOV) may be used. EFOV imaging is useful in
various clinical applications including comparisons of adja-
cent anatomical structures, and in viewing enlarged organs
and large abdominal masses.

In EFOV imaging, the probe is moved smoothly and
continuously over the desired region of interest. As the probe
is moved, the ultrasound system acquires a series of con-
secutive images. The consecutive images may be adjacent to
each other, or the ultrasound system may discard some
images and retain other images for processing. For example,
one image may be retained for every three images acquired.
The retained images are combined by the ultrasound system
to form an image of the entire region of interest. The
diagnostic value of the EFOV technique largely depends
upon the accuracy of the dimensions and relative locations
of organ structures in the EFOV image, thus the series of
consecutive images must be correctly related to each other.
In other words, the images must be adjusted linearly, in one
or both of the x and y directions, and rotated as necessary to
form an accurate compound image. This process is known as
image registration.

The image registration in EFOV imaging computes rela-
tive linear shifts between image frames. Because the patient
surface is curved in most situations, the image registration
method should also accurately estimate the rotational shift
(or angle) between a series of successive images. Various
registration methods are used in EFOV imaging, including
sum of absolute difference (SAD), landmark matching,
pattern recognition and analysis, and the like. Among these,
the SAD method has been found to be more effective and
less computationally intensive than the other registration
methods.

Previously, the SAD method has been used to compute
both the linear shifts and the rotation angle between con-
secutive image frames in a series. To compute the linear
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shifts, the SAD method divides two consecutive image
frames into kernels, and then compares the pixel values of
the kernels of one image frame to the pixel values of the
corresponding kernels of the other image frame. The kernels
of one image are moved within a defined boundary to find
the location within the boundary that is the most similar to
the corresponding kernel of the other image. In a similar
manner, to compute the rotation angle, the SAD method
rotates one image frame through a predetermined range of
degrees at a preset step size. Each time the image frame is
rotated, the pixel values are compared to the pixel values of
the second image frame. The angle at which the two image
frames are the most similar is determined to be the angle of
rotation between the two image frames.

Although the SAD method is effective in computing
linear shifts, it is very time consuming when used to
compute the rotation angle. In addition, the SAD method
utilizes a preset discrete step size when rotating one image
frame in relation to the other image frame. To reduce
computation time, the step size may be set somewhat course.
Unfortunately, it is possible that the most accurate rotation
angle is an angle that occurs between two preset steps.
Decreasing the preset step size, however, would further
increase the time required to compute the rotation angle, and
is thus not desirable. Because EFOV images may typically
cover large angles, such as 90 degrees, and may be com-
prised of up to 1000 individual image frames, any increase
in computation time is not desirable. Thus, a need has long
existed in the industry for a method for calculating rotation
and linear image registration in EFOV imaging that
addresses the problems noted above and other problems that
will become apparent from the following description.

SUMMARY OF INVENTION

In accordance with at least one embodiment, a method is
provided for obtaining an extended field of view diagnostic
ultrasound image. First and second image frames of an
object of interest are acquired. The image frames are rotated
relative to one another. Pixel points, representing spatial
points in the object of interest, are identified in the first
image frame. Pixel points corresponding to the pixel points
in the first image frame are then computed in the second
image frame. A rotation angle between the first and the
second image frames is calculated based on a least-squares
relation between the pixel points. The first and second image
frames are combined to form an extended field of view
image.

In accordance with at least one embodiment, multiple
registration kernels are identified in the first and second
image frames, and a search region containing a kernel is
identified in the second image frame. The pixel points are
identified by a set of coordinates. In one embodiment, the
rotation angle is calculated using the coordinates of the pixel
points and a number representing the number of registration
kernels in each of the image frames. In an alternative
embodiment, the image frames are acquired successively in
time.

In accordance with at least one embodiment, the image
frames are linearly shifted relative to one another. The linear
shift is calculated based on a sum of absolute differences
between the pixel points in the image frames. In an alter-
native embodiment, the linear shift is calculated based on a
least-squares method.

In accordance with at least one embodiment, a method is
provided for computing the image registration of two
images. Consecutive image frames are acquired. The image
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frames represent partially overlapping portions of a region
of interest. At least one pixel point in each image frame
representing one spatial point in the region of interest is
identified. In an alternative embodiment, the pixel points of
the second image frame are computed based on a sum of
absolute differences. The squared difference between the
pixel points in consecutive image frames is calculated to
obtain a rotation angle between consecutive image frames.
In an alternative embodiment, the squared difference com-
prises a least-squares relation between the pixel points. In
another embodiment, the rotation angle is derived from a
continuous range of possible rotation angles.

In accordance with at least one embodiment, multiple
registration Kernels are identified in each image frame. The
squared difference is calculated by using a value represent-
ing the number of registration kernels located in each image
frame and the pixel coordinates. In an alternative
embodiment, the first and second coordinates are summed
over a predetermined range to calculate the squared differ-
ence.

In accordance with at least one embodiment, a linear shift
between the consecutive image frames is calculated based
on the pixel points. In an alternative embodiment, the linear
shift is calculated based on a least-squares relation utilizing
the rotation angle and the pixel points of the consecutive
image frames.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a block diagram of an ultrasound system
formed in accordance with an embodiment of the present
invention.

FIG. 2 illustrates two ultrasonic beams used to acquire
image frames of a region of interest obtained in accordance
with an embodiment of the present invention.

FIG. 3 illustrates the probe positioning utilized to acquire
successive image frames that are used to create an extended
field of view image obtained in accordance with an embodi-
ment of the present invention.

FIG. 4 illustrates the coordinate systems of two succes-
sive image frames utilized to compute an extended field of
view image obtained in accordance with an embodiment of
the present invention.

FIG. 5 illustrates a flowchart of a method utilized to
acquire an extended field of view image obtained in accor-
dance with an embodiment of the present invention.

FIG. 6 illustrates two image frames to be processed by the
Sum of Absolute Difference method in accordance with an
embodiment of the present invention.

The foregoing summary, as well as the following detailed
description of the embodiments of the present invention,
will be better understood when read in conjunction with the
appended drawings. It should be understood, however, that
the present invention is not limited to the arrangements and
instrumentality shown in the attached drawings.

DETAILED DESCRIPTION

FIG. 1 illustrates a block diagram of an ultrasound system
100 formed in accordance with an embodiment of the
present invention. The ultrasound system 100 includes a
transmitter 102 which drives transducers 104 within a probe
106 to emit pulsed ultrasonic signals into a body. The
ultrasonic signals are backscattered from structures in the
body, like blood cells or muscular tissue, to produce echoes
which return to the transducers 104. The echoes are detected
by a receiver 108. The received echoes are passed through
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a beamformer 110, which performs beamforming and out-
puts an RF signal. The RF signal then passes through an RF
processor 112. The RF signal data may then be routed
directly to a buffer 114 for temporary storage. Alternatively,
the RF processor 112 may include a complex demodulator
(not shown) that demodulates the RF signal to form IQ data
pairs representative of the echo signals prior to temporary
storage in buffer 114.

The ultrasound system 100 also includes a signal proces-
sor 116 to process the acquired ultrasound information (i.e.,
RF signal data or IQ data pairs) and prepare frames of
ultrasound information for display on display 118. The
signal processor 116 is adapted to perform one or more
processing operations according to a plurality of selectable
ultrasound modalities on the acquired ultrasound informa-
tion. Acquired ultrasound information may be processed in
real-time during a scanning session as the echo signals are
received. Additionally or alternatively, the ultrasound infor-
mation may be stored temporarily in buffer 114 during a
scanning session and processed in less than real-time in a
live or off-line operation.

The ultrasound system 100 often continuously acquires
ultrasound information at a frame rate that exceeds 50
frames per second—the approximate perception rate of the
human eye. The acquired ultrasound information is dis-
playved on display 118 at a slower frame-rate. The signal
processor 116 includes a real-time slow motion controller
(RTSM controller) 120 that controls which frames of
acquired ultrasound information are to be displayed and the
frame rate of the display or display rate. A memory 122 is
included for storing processed frames of acquired ultrasound
information that are not scheduled to be displayed immedi-
ately. The RTSM controller 120 controls which frames are
retrieved for display. Preferably, the memory 122 is of
sufficient capacity to store at least several seconds worth of
frames of ultrasound information. The frames of ultrasound
information are stored in a manner to facilitate retrieval
thereof according to an order or time of acquisition. The
memory 122 may comprise any known data storage
medium. When the acquired ultrasound information is to be
processed in less than real-time, the RTSM controller 120
may also control what ultrasound information is retrieved
from buffer 114 for processing.

In order to allow the real-time slow motion display to
catch up with the live acquisition that is ongoing and
acquiring data at a higher frame-rate than the data is
displayed, the RTSM processor 120 periodically synchro-
nizes the display 118 with the ongoing acquisition. Without
synchronization, the display 118, which is presenting ultra-
sound information at a display rate with a slower frame-rate
than the acquisition rate, would lag longer and longer behind
the acquisition and the live feedback during slow motion
display would be lost. Synchronization between acquisition
and display may be accomplished in a triggered or non-
triggered manner. Accordingly, ultrasound system 100 may
include a trigger generator 124 and/or a timer 126 which
sends a synchronization signal to RTSM controller 120.

FIG. 2 illustrates two ultrasonic beams used to acquire
image frames of a region of interest (ROI). Each ultrasonic
beam is comprised of pulsed ultrasonic signals. FIG. 2
includes a probe 106 and a patient surface 302. When the
probe 106 is at position one 304, the ultrasound system 100
transmits and receives the echoes in an ultrasonic beam 204.
At position two 306, the ultrasound system 100 transmits
and receives the echoes in an ultrasonic beam 206.

The ultrasonic beams 204 and 206 are directed at a portion
of a ROI 202. For example, the ROI 202 may be a patient’s
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liver or other anatomy too large to be viewed in a single
image frame. The ultrasound system 100 acquires a first
image frame at position one 304 and a second image frame
at position two 306. The image frames include a common
point (P) 308. The two image frames may be pasted together
to create an extended field of view (EFOV) image. By
creating an EFOV image, anatomy that is larger than the
width of a single image frame may be viewed at one time as
a single image on the display 118.

For example, in order to create an EFOV image of the
ROI 202, multiple, successive image frames are pasted
together. It is possible that the successive image frames may
not be adjacent. Each pair of successive image frames that
are pasted together include at least one common point (P)
308. The second image frame, however, may be rotated and
shifted linearly compared to the first image frame. In order
to paste the two image frames together, there is a need to
perform the image registration, or compute the relative
positioning, between the two images.

FIG. 3 illustrates the probe 106 positioning utilized to
acquire successive image frames that are used to create an
extended field of view (EFOV) image. FIG. 3 includes a
probe 106, a patient surface 302, a position one 304, a
position two 306, and a common pixel point (P) 308. The
common pixel point (P) 308 is included in the image frame
acquired at position one 304 and the image frame acquired
at position two 306, as previously discussed. The method
utilized to acquire images at positions one 304 and two 306
is further discussed below.

FIG. 4 illustrates the coordinate systems of two succes-
sive image frames utilized to compute a EFOV image. On
the patient surface 302, position one 304 has a coordinate
system (x-y), and position two 306 has a coordinate system
(x'-y"). In coordinate system (x-y), the common pixel point
(P) 308 has a coordinate of P(x,y). In coordinate system
(x'-y"), the common pixel point (P) 308 has a coordinate
P(x\,y".

The origin of each coordinate system (x-y) and (x'-y') is
the rotation center of the probe 106. For most linear and
phased-array probes, the origin is approximately at the
center of the probe’s surface. The coordinate system (x'-y')
may be rotated and linearly translated compared to the
coordinate system (x-y). For example, the coordinates in
coordinate system (x-y) can be transformed into coordinate
system (x'-y") by introducing a rotation angle 8 402 and an
image frame linear shift (a,b) 404. In FIG. 4, the image
frame linear shift (a,b) 404 is the distance from position one
304 to position two 306, in an (x,y) direction, on the patient
surface 302. When calculating an EFOV image, the rotation
angle 0 402 between two consecutive image frames is
typically 10 degrees or less. Thus, the rotation angle 6 402
may be separated from the image frame linear shift (a,b)
404, and the coordinate system (x-y) may be related to the
coordinate system (x'-y") by the following matrix operation:

x (cos@ sinﬁ](x] (a]
v )7 U —sind cos® Ay b

wherein x and y are the coordinates of the common pixel
P(x,y) of the first image frame, x' and y' are the coordinates
of the common pixel P(x',y") of the second image frame, 6
is the rotation angle 6 402, and a and b define the image
frame linear shift (a,b) 404 from position one 304 to position
two 306.

The image frame acquired at position one 304 and the
image frame acquired at position two 306 are divided into

Equation 1
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multiple registration kernels. Each registration kernel of the
position one 304 image frame is centered at location P, and
i=1, ..., N. N may be any number, but N is limited by the
computational power of the signal processor 116. P, is the
same spatial point for two consecutive image frames. A Sum
of Absolute Difference (SAD) method compares the regis-
tration kernels of the image frame acquired at position one
304 to the registration kernels of the image frame acquired
at position two 306 to determine the location of the common
pixel point P, for each kernel of the image frame acquired at
position two 306. For example, the coordinates for P, in
coordinate system (x-y) at position one 304 are (x,,y,). When
the probe is moved to position two 306, the coordinates for
the same spatial pixel point P, in the coordinate system
(x'-y") are (x'y").

Once the coordinates (x',y',) for P, are known for each
registration kernel, the rotation angle 6 402 and the linear
shift (a,b) 404 may be estimated using a least-squares
method. If the estimated rotation angle is 0, and the
estimated linear shift for the coordinate system (x'-y') is
(a_,b_), by substituting the estimated values into Equation 1,
the estimated coordinates for P; in (x'-y') may be written as:

X (cos@e sinf, ]( xi] (ae]
¥E "\ =sind, cosf, A y; - b,

i=1,...

Equation 2
,N

wherein the estimated rotation angle is 0,, the estimated
coordinates of P, are x°; and y°;, and the estimated linear
shifts from the coordinate system (x'-y') are a, and b,.

In Equation 2, the estimated coordinates for P, in coor-
dinate system (x'-y") are (x°,, y©,). Utilizing the least-squares
optimization principle, the squared difference between the
estimated coordinates (x°,y°;) and the coordinates (x',y';)
computed utilizing the SAD method for the same spatial
point P, may be calculated using Equation 3:

A=) 0f —x P+ )07 -3

i=1,..

Equation 3

.

It is desirable for the squared difference A to be a
minimum value or zero. If the value of the squared differ-
ence A is zero, then the estimated coordinates (x°;, y©;) for P;
are the true coordinates of P,. Substituting from Equation 2,
the estimated coordinates (x°;, y°,) are replaced in Equation
3:

A= Z (x;cos, + yisinb, — a, —x1)% + Equation 4

i

Z (—x;sinf + y;cosf — b, — yf)2

Equations 5, 6, and 7 are derived from Equation 4 by
taking the derivative of the squared difference A vs. the
estimated angle 0. and the estimated linear shifts a_ and b,
for the coordinate system (x'-y'):

aA
da,

. , Equation 5
Z (2a, —2y;sinf, — 2x;co86, + 2x;) =0
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-continued
0A . g Equation 6
B_bg = Z (2b, — 2x;sinf, — 2y;cosd, +2y,) =0
OA ., , o Equation 7
30, = Z (2(x;y; — x;y;)cos, + 2(x;x; + y;y;)sinf, +
2(x; b, — y;a.)cos8, + 2(x;a, — y;b,)sing, ) =0
i=1,...,N.

As stated previously, it is desirable for the squared difference
A to be zero. Therefore, Equations 5, 6, and 7 are each set
equal to zero.

Using the coordinate values (xX,y,) and (x',y',) of P, for
each registration kernel, the estimated rotation angle 0, is
calculated using Equation 8:

L Equation 8
Z(xfyf—XEyi)+N E XY vim E x )5
i n i T i
tanf, = d d
1
N E XX+ E YiXyi| = X ixf +yiyD
‘_ i " i
i=1,....,N,

wherein the coordinates (x,y;) are the coordinates of P,
when the probe 106 is at position one 304, the coordinates
(x'5y';) are the coordinates of P; when the probe 106 is at
position two 306, and N is the number of registration
kernels. As stated previously, coordinates (X',y';) are calcu-
lated using the SAD method.

FIG. 5 illustrates a flowchart of a method utilized to
acquire an EFOV image. At step 502 of FIG. 5, an operator
positions the probe 106 on the patient surface 302 at a first
position 304 to image the ROI 202 as illustrated in FIG. 2.
The transmitter 102 drives the transducers 104 within the
probe 106 to transmit the ultrasonic beam 204. The receiver
108 detects the echoes which are produced by various
structures within the patient’s body. The ultrasound system
100 processes the echoes as previously discussed and stores
a first image frame 602 (FIG. 6) that includes a common
pixel point (P) 308 in the buffer 114.

At step 504 of FIG. §, the operator moves the probe 106
across the patient surface 302 to a second position 306. As
stated previously, the rotation angle 0 402 between first and
second positions 304 and 306 is 10 degrees or less in normal
scanning. The ultrasound system 100 continues to acquire
image frames between the first and second positions 304 and
306. The image frames acquired between the first and
second positions 304 and 306, however, are not required to
produce an EFOV image and may be discarded. The ultra-
sound system 100 stores, in the buffer 114, a second image
frame 604 (FIG. 6) acquired at the second position 306 that
includes the common pixel point (P) 308.

At step 506, the signal processor 116 establishes the
locations of N registration kernels that will be used to
process the first and second image frames 602 and 604
acquired at the first and second positions 304 and 306
respectively. As previously discussed, N may be any num-
ber. For example, N may be 8 as illustrated in FIG. 6.

FIG. 6 illustrates the first and second image frames 602
and 604 to be processed by the SAD method. The first image
frame 602 is divided into eight kernels 606. The second
image frame 604 is divided into eight kernels 607, although
only one kernel 607 is illustrated. Each kernel 606 and 607
is the same size and shape, and may be 40 pixels by 40 pixels
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in size, for example. A search region 608 is also illustrated.
The kernels 606 and 607 and the search region 608 may be
any size and shape determined to effectively process the first
and second image frames 602 and 604 utilizing the SAD
method. Pixel point (P;) 610 is included in the first image
frame 602, and pixel point (P;) 612 is included in the second
image frame 604. Pixel points (P,) 610 and 612 represent the
same spatial pixel point, as illustrated in FIG. 4.

At step 508 of FIG. §, the signal processor 116 computes
the coordinates (x',,y';) for pixel point (P;) 612 using the
SAD method. The coordinates (x';,y';) are computed for each
pixel point (P;) 612 in each N kernel 607, wherein i=1 . . .,
N. Continuing with the above example, there are 8 kernels
in the first and second image frames 602 and 604, thus 8
coordinates of Pfx',y;) are computed. The coordinates
P(x',y',) are utilized in Equation 8 as illustrated below.

Using the SAD method, the processor reads each pixel
value of the first kernels 606 and 607 (i.e. N=1), subtracts the
value of one corresponding pixel from the other, and takes
the absolute value of the result. For example, if the pixel
value of pixel location (1,1) of kernel 606 (N=1) is 10, and
the pixel value of pixel location (1,1) of kernel 607 (N=1) is
5, 5 is subtracted from 10. The absolute value of the
difference is 5. The process is repeated for pixel location
(1,2), and for every other pixel location of kernels 606 and
607 wherein N=1. The absolute value results for each pixel
location are added together to comprise the sum of absolute
differences. The kernel 607 (N=1) is moved within the
search region 608, and the aforementioned method is
repeated to find the location of kernel 607 with the search
region 608 that produces the minimum sum of absolute
differences. The signal processor 116 may utilize a step size
to move the kernel 607 within the search region 608, rather
than move the kernel 607 one pixel at a time. Once the
location of the kernel 607 that produces the minimum SAD
value has been identified, the coordinates (x';,y';) of P; are
identified as the center of kernel 607 (N=1). The aforemen-
tioned process is repeated for each kernel 606 and 607.

At step 510, the rotation angle 0, is calculated utilizing
Equation 8. Equation 8 uses the coordinates P(x,,y,) of each
kernel 606 of the first image frame 602, and the coordinates
P{(x',,y',) of cach kernel 607 of the second image frame 604
that were computed using the SAD method at step 508.

At step 512, the linear shifts a, and b, are calculated. The
linear shifts a_ and b, may be calculated using Equation 5
and Equation 6. Equation 5 uses the value of the rotation
angle 6, calculated in Equation 8 and the coordinates (x,,y;)
and (x',,y";) to calculate the value of a,. Equation 6 uses the
value of the rotation angle 0, calculated in Equation 8 and
the coordinates (x;,y,) and (x';,¥';) to calculate the value of b,.
Alternatively, Equation 1 may be utilized to calculate the
linear shifts a, and b,. In Equation 1, the linear shifts for a,
and b, are first calculated for each P,. Then the mean values
of a, and b, are calculated.

At step 514, the signal processor 116 determines whether
there are more image frames to process. Although FIG. 6
illustrates only two ultrasound frames, it should be under-
stood that an EFOV image is often comprised of many
ultrasound image frames. For example, in order to display a
ROI 202 of patient anatomy that is 6 cm in length, up to
1000 individual image frames may be acquired. Thus, as the
probe 106 is moved along the patient surface 302, the
ultrasound system 100 acquires and stores many image
frames to be processed by the method illustrated in FIG. 5.

If the answer at step 514 is Yes, control passes to step 506.
The locations of N kernels 607 are established for the next
consecutive image frame, and the value of N is the same
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value of N utilized by image frames 602 and 604. The
method continues to process the image frame, and all
subsequent image frames, as described above. Each image
frame may be processed in the order in which it was
acquired, or in another order determined by the signal
processor 116. Each image frame is, however, processed in
relation to the preceding image frame which is retained for
building the EFOV image.

If the answer at step 514 is No, control passes to step 516.
At step 516, the signal processor 116 utilizes the calculated
rotation angle 6, and linear shift (a,,b,) to paste the image
frames together, building the EFOV image. The calculated
rotation angle 0, is the rotation angle 6 402, and the linear
shift (a,,b,) is the linear shift (a,b) 404. The EFOV image
may be displayed on the display 118 or held in memory 122
to be displayed, printed, further processed, and the like.

Previously, the SAD technique was also utilized to cal-
culate the rotation angle 0 402 between two image frames.
It is evident that the SAD technique, illustrated in relation to
steps 506 and 508 of FIG. 5, requires many computational
steps to calculate the difference between two image frames.
By utilizing Equation 8 to calculate the rotation angle
instead of using the aforementioned SAD technique, com-
putation time is considerably reduced. Additionally, because
Equation 8 is solely based on relative position and does not
utilize a preset step size, such as the preset step size utilized
by the SAD technique, the rotation angle 0, 402 calculated
using Equation 8 may be more accurate than the rotation
angle 0 402 calculated using the SAD technique.

While the invention has been described with reference to
at least one embodiment, 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 invention. In addition, many modifications may
be made to adapt a particular situation or material to the
teachings of the invention 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 falling within the scope of the
appended claims.

What is claimed is:

1. A method for computing the image registration of two
images, the method comprising:

acquiring consecutive image frames of an object of

interest, said consecutive image frames representing at
least partially overlapping portions of a region of
interest;

identifying at least one pixel point in each image frame

representing one spatial point in the region of interest;
calculating a squared difference between pixel points in

said consecutive image frames to obtain a rotation

angle between said consecutive image frames; and

calculating a linear shift between said consecutive image

frames based on said pixel points.

2. The method of claim 1, said calculating a squared
difference step further comprises a least-squares relation
between said pixel points in each image frame.

3. The method of claim 1, further comprising:

identifying multiple registration kernels in each said
image frame.

10

4. The method of claim 1, said squared difference calcu-
lating step further comprising:
deriving the rotation angle from a continuous range of
possible rotation angles.
5. The method of claim 1, said identifying step further
comprising:
computing said pixel points of a second image frame
based on a sum of absolute differences.
6. The method of claim 1, wherein each of said pixel
points is identified by a set of coordinates.
7. The method of claim 1, further comprising calculating
a linear shift between consecutive image frames based on a
least-squares method.
8. The method of claim 1, said squared difference calcu-
lating step further comprising:

10
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identifying a value representative of a quantity of multiple
registration kernels located in each said image frame;

20 identifying said pixel points by coordinates; and
computing said rotation angle utilizing said value and said
coordinates.
9. The method of claim 1, the calculating a squared
difference step further comprising:

25 identifying each of said pixel points by a first and second

coordinate; and

summing said first and second coordinates over a prede-
termined range.
10. A method for computing the image registration of two

0 images, the method comprising:

acquiring consecutive image frames of an object of
interest, said consecutive image frames representing at
least partially overlapping portions of a region of

35 nterest;

identifying at least one pixel point in each image frame
representing one spatial point in the region of interest;

calculating a squared difference between pixel points in
said consecutive image frames utilizing a least-squares
relation to obtain a rotation angle between said con-
secutive image frames; and

40

calculating a linear shift between said consecutive image
frames based on said pixel points.
11. A method for computing the image registration of two

45 images, the method comprising:

acquiring consecutive image frames of an object of
interest, said consecutive image frames representing at
least partially overlapping portions of a region of
interest;

identifying at least one pixel point in each image frame
representing one spatial point in the region of interest;

calculating a squared difference between pixel points in
said consecutive image frames utilizing a least-squares
relation to obtain a rotation angle derived from a
continuous range of possible rotation angles between
said consecutive image frames; and

55

calculating a linear shift between said consecutive image
frames based on said pixel points.
60
* * * * #*
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