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(57) Abstract: An ultrasound system (10) has a probe (11) with a one dimensional array transducer (12) which is rocked or slid
across the body in two orthogonal directions to acquire two sequences of elevationally offset planar images swept through the same
region of interest. An image of one sequence is processed with one or more images of the other sequence to find a common line of
intersection with one or more images of the other sequence. After all of the intersecting images have been processed to tind their
lines of intersection with other, substantially orthogonal images, and egg crate-like grid of images has been identified. The elevation -
al spaces between the images can be filled in by scan conversion and the image data processed to form a three dimensional image of

the region of interest.
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THREE DIMENSIONAL ULTRASOUND IMAGING
BY INTERSECTING 2D SCANNING

This application claims priority to International
Application No. PCT/CN2014,/088188, filed on October 9,
2014 which is incorporated herein by reference in its
entirety.

This invention relates to medical ultrasound
imaging and, in particular, to three dimensional
ultrasonic imaging by intersecting scanning of a region
of interest.

Ultrasonic imaging can be used to produce two
dimensional or three dimensional images of a region of
interest. Premium ultrasound systems conventionally
are capable of operating with probes having two
dimensional transducer arrays which can be operated in
a phased mode to steer transmit and receive beams over
a three dimensional region of the body. Such solid
state probes can acquire beams steered over a three
dimensional region which are used to form three
dimensional images in real time. Two dimensional array
probes can also be used to produce static images of
extended volumes referred to as panoramic images as
described in U.S. patent 8,539,838 (Yoo et al.) The
probe shown in this patent can be moved along the
surface of the body with a row of transducers extending
normal to the direction of travel continuously
acquiring 2D images in planes (the “T” direction) which
are approximately parallel to each other. At the same
time images are continuously acquired in overlapping
planes in the direction of travel (the “S” direction).

By comparing the image content of these overlapping S

PCT/IB2015/057435
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prlanes, the relative positions of the parallel T planes
can be deduced. This information is used produce a
static 3D volume image from the content of the
approximately parallel planes.

Lower priced, portable systems are now becoming
available in which the processor for signal and image
processing is simply the processor of a laptop or
tablet computer, with the images displayed on the
screen of the portable device. Such highly portable
systems are inexpensive by reason of the lack of any
further sophisticated processors and generally are
operable with only one dimensional array transducer
probes which are only capable of 2D imaging. However,
such one dimensional array transducer probe can also be
used to produce static 3D images as described in U.S.
patent 5,474,073 (Schwartz et al.) The 1D array probe
shown in this patent is moved along the surface of the
body by manual hand scanning, repetitively acquiring a
sequence of power Doppler images in approximately
parallel planes. The use of the power Doppler mode
avoids the acquisition of signals from tissue
surrounding the flow of blood in blood vessels which
would clutter and obscure the blood flow. This
technique produces 3D images of the blood flow in the
region scanned by the approximately parallel planes.
However, these blood flow images can be distorted if
the motion of the probe is not perfectly linear and at
a constant speed. Movement of the probe at a changing
speed and nonlinear rocking of the probe will cause the
acquired images to be in planes which are not exactly
parallel to each other and are variably spaced from
each other, which causes distortion of the resultant 3D

images. It is desirable to produce 3D images by manual
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hand scanning which are not distorted by such variation
in movement, and of both tissue and blood flow.

In accordance with the principles of the present
invention, an ultrasonic imaging system and method are
described in which manual freehand 2D image scanning is
performed using a 1D array probe, a mechanically swept
single piston transducer probe, or a row of elements of
a 2D array probe. With the 2D array, whether one row
0of elements or more than one row of elements is used is
not significant as long as a sequence of 2D images is
acquired where each image plane in each sequence is
formed in a fixed location and orientation relative to
the transducer. The inventive technique is designed
specifically to operate without the need for a priori
knowledge of the exact orientation or spacing of the 2D
images in any of the sequences, although the technique
can also be performed with a priori knowledge.

In some embodiments, a region of interest can be
scanned by at least two intersecting sweeps of images.
In certain embodiments, the present invention can be
used generally if sweeps (2 or more) intersect in such
a manner that the lines of intersection of the sweeps,
taken together, are not all parallel. In one
embodiment, a region of interest can be scanned at
least twice in approximately orthogonal directions to
acquire two sets of approximately parallel planes, or
in three or more different directions to acquire three
or more sets of image planes, which spatially intersect
each other. The line or lines of intersection of
images from the two sets of image planes are then found
and the intersecting images fitted together in
accordance with their lines of intersection. This

produces an egg crate-like grid of intersecting images
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covering the scanned 3D region. The fitting of the
lines of intersection effectively eliminates much of
the distortion due to nonlinear scanning motion of the
probe. Scan conversion is then performed of this 3D
spatial data set to fill in the interstices between
planes with image data, and a 3D volume image i1s thus
produced.

In the drawings:

FIGURE 1 provides an example ultrasound system in
accordance with an embodiment of the present invention.

FIGURE 2 illustrates in perspective two
approximately orthogonally oriented ultrasound images
and their line of intersection.

FIGURE 3 illustrates the two intersecting
ultrasound images of FIGURE 2 and the assumed positions
of other images which are approximately parallel to one
of the images.

FIGURE 4 illustrates a grid showing how an assumed
line of intersection of two images can fail to be an
actual line of intersection of the two images by reason
of nonlinear motion of the probe during scanning.

FIGURE 5 illustrates the translation needed for
one line of image data of one image to bring it into
registration with the same image data in an
approximately orthogonal image.

FIGURE 6 illustrates the actual alignment of one
set of approximately parallel images with an image
which is approximately orthogonal to the approximately
parallel images.

FIGURE 7 illustrates a response surface of
function values for unknown variables in an iterative
3D image reconstruction technique of the present

invention.
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In some aspects, the present invention includes an
ultrasound system which produces a three dimensional
image of a region of interest. The ultrasound system
can include an ultrasound probe having, e.g., a one
dimensional array of transducer elements. A first frame
sequence buffer, coupled to the ultrasound probe, can
be configured to store a first sequence of ultrasound
images, such as spatially offset two dimensional images
as the probe is moved in a first direction. A second
frame sequence buffer, coupled to the ultrasound probe,
can be configured to store a second sequence of
ultrasound images, such as spatially offset two
dimensional images as the probe is moved in a second
direction. An image line registration processor,
coupled to receive images from the first and second
frame sequence buffers, can be configured to identify a
common line of intersection of an image of one buffer
with an image of the other buffer. A 3D volume buffer,
coupled to the image line registration processor, can
be configured to store the image data of images found
to have one or more lines of intersection by the image
line registration processor. A display, coupled to the
3D volume buffer, can be configured to produce a three
dimensional image based on the intersecting sweeps of
the ultrasound probe.

Referring first to FIGURE 1, an ultrasonic
diagnostic imaging system 10 of the present invention
is illustrated in block diagram form. An ultrasound
probe 11 contains a one dimensional transducer array 12.
In this example the array is a curved linear array
which scans a sector image when the face of the probe
is pressed into acoustic contact with the body. The

linear array may also be a straight linear array or a
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single row of a two dimensional array transducer. The
probe is connected by a T/R switch 14 to a transmit
beamformer 16 and a receive beamformer 18. The
transmit beamformer actuates predetermined groups of
elements at specifically related times to transmit
beams in desired directions over an image plane and the
receive beamformer steers and focuses receive beams in
response to those transmission events. The receive
beams are filtered and may undergo other signal
processing by a filter 20 and desired signals are
detected by a detector 22. The detected signals may be
amplitude detected tissue signals or Doppler detected
signals from moving substances such as blood flow.

They may additionally be signals at fundamental or
harmonic frequencies. A series of adjacent receive
beams are stored in a frame buffer 24 from which they
will be further processed into a planar image frame as
described below.

In some embodiments, the ultrasound system 10 of
the present invention can be configured to determine an
approximate position of the ultrasound probe 11 in
space. For example, the ultrasound probe can include
position sensors to determine the probe’s position in
space. A variety of position sensors can be used, such
as accelerometers, gyroscopes, and/or electromagnetic
field sensors. In certain embodiments, an
electromagnetic instrument tracking system or other
similar system may be used alone or in combination with
the ultrasonic diagnostic imaging system to determine
the probe position. The electromagnetic tracking

system uses electromagnetic field generators and

sensors to determine the location of an object in space.

The location may be determined in relation to a fixed

PCT/IB2015/057435
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plane, an ultrasound probe, and/or other reference
point. One example of an electromagnetic tracking
system that may be used is the PercuNav system by
Philips®.

For ultrasound systems of the present invention,
an electromagnetic tracking and navigation system may
be used, such as the PercuNav system, elements of which
are shown in Figure 1. The electromagnetic tracking and
navigation system has a field generator 46 which
generates an electromagnetic field permeating a
surrounding space of the probe during imaging. Sensors
44 are located on the probe 12 which interact with the
electromagnetic field and produce signals used to
calculate the position and orientation of the image
prlane of the probe. This calculation is done by a
coordinate generator 42 of the system, which is shown
receiving signals representing the position and
orientation of the image plane, and further receiving
signals from the field generator 46 to which the
coordinate generator 42 is also coupled for field
registration purposes. The electromagnetic tracking
and navigation system can be controlled via operator
control signals from the control panel 30.

In some aspects, the present invention includes
methods for producing a three dimensional ultrasound
image by freehand scanning. The methods can include,
for example, moving an ultrasound probe containing a
one dimensional array of transducer elements in a first
direction while acguiring a first sequence of spatially
offset images from a region of interest. The first
direction can be generally orthogonal to the plane of
an image produced by the array. The methods can

include storing the first sequence of images. Another

PCT/IB2015/057435
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step of the methods can include moving the ultrasound
probe in a second direction while acquiring a second
sequence of spatially offset images from a region of
interest. The probe can be moved in intersecting
sweeps in the first and second directions such that at
least one image in the first sequence intersects at
least one image in the second sequence. The
intersecting sweeps can be generally orthogonal, e.g.,
the first direction can be generally orthogonal to the
second direction. The methods can include storing the
second sequence of images, and/or processing an image
from the first sequence with an image of the second
sequence to identify at least one common line of
intersection of the two image. In some embodiments,
the methods can include processing additional images
from both sequences to identify one or more lines of
intersection of each additional image with one or more
lines of previously processed images to form a three
dimensional grid of intersecting images. A step of the
methods can include processing the three dimensional
grid of intersecting images to produce a three
dimensional ultrasound image of a region of interest.
In accordance with the principles of the present
invention a first image sequence which has been

acquired by sliding or rocking the probe in a first

direction is stored in a first frame sequence buffer 32.

The probe is moved so that the images received during
its motion will sweep through a region of interest.
Prior to the start of the probe motion, the user
touches a control on the user interface 30 to condition
the frame sequence buffer to begin storing images.
When the sweep is completed, the control is touched

again to inform the buffer that the first sequence is

PCT/IB2015/057435
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complete. Any identical images stored at the beginning
and the end of the sweep before and after the probe has
moved may be identified by image matching and discarded.
Since the probe is moved in a given direction the
images will be approximately parallel to each other
(non-intersecting in the elevation dimension) in the
sequence. If a linear (straight line) motion is used,
the acquired images will be approximately parallel to
each other. 1If a rocking motion is used to sweep the
images they will be slightly angled in relation to each
other. Because freehand scanning is used, the image
planes are expectedly not exactly parallel to each
other or evenly spaced or angulated, but are only
approximately uniformly spaced. This variation in
spacing and angulation is resolved by the processing of
the present invention.

After a first sequence of images has been acquired
and stored in buffer 32, the probe is slid or rocked in
a second direction (e.g., an approximately orthogonal
direction) to acquire a second sequence of images. The
second sequence of images will also be in an spaced
relationship (e.g., approximately parallel) by reason
0of the rocking or sliding motion but in an
approximately orthogonal relationship to the images of
the first sequence. Spatially, the images of the two
sequences will nest together like the dividers of an
egg crate. The pattern of the intersecting planes is
not perfectly orthogonal or perfectly uniformly spaced
since manual hand scanning was used to acquire them.
The second sequence of images i1s stored in a second
frame sequence buffer 34. The user interface 30 is
used as before to command the second frame sequence

buffer when to start and stop storing acquired images.
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Images stored in the two frame sequence buffers
are then spatially registered by detecting the image
line of intersection of an image of one sequence to an
image of the other sequence by an image line
registration processor 36 as described more fully below.
This registration is based upon the image content such
as the features or speckle pattern of each image.

Since the intersecting images were hand scanned it is
expected that the lines of intersection with other
images will not be precisely uniformly spaced through
each image, but will exhibit wvariation from a perfectly
uniform pattern. This variation will cause a warping
of the images by respacing their beam locations as
necessary for registration, for instance. This warping
accounts for the non-uniform or irregular displacement
(and/or orientation) of the image planes from one image
frame to the next which is inherent in manual hand
scanning and will cause the final 3D image to be
spatially undistorted despite the inherent
irreqgularities in its acquisition. The registered grid
of planar images is stored in a 3D volume buffer 38.
Spaces between the planes of the registered images may
then be filled in by scan conversion using scan
converter 26. The data of the 3D volume image can thus
be converted to uniform density in all three dimensions.
The 3D dataset is then rendered into a 3D image by
volume renderer 28 for display on an image display 40.
Alternatively, accurately spaced image planes of the
scanned volume can be produced, enabling quantitative
distance, area and volume measurements to be made of a
scanned organ (e.g., a kidney) or a mass, so that the
dimensions of the organ or mass can be quantitatively

measured. User control of the ultrasound system is
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provided by a user interface 30.

FIGURE 2 illustrates how the image registration
process may begin. In this example the center frame of
each sequence is initially selected for registration on
the assumption that, i1if the frame acquisition were
perfect, the two center frames of the two orthogonal
sequences would intersect at their center line. FSi_¢
is the center image frame of the first frame sequence,
and FS;_. is the center image frame of the second frame
sequence. Since the orientation of the images from the
respective sequences 1is approximately orthogonal, one
frame will spatially intersect the other at a common
line of intersection I;. If the scanning were done in
perfect alignment the line of intersection L: would be
the aligned center lines of each image. But since the
sequences were acquired by manual hand scanning, it is
not, as can be seen from the tilt of line L; and its
position at the tops of the images.

The line of intersection L: of the first two images
selected for processing is generally the most exhaustive
to determine because it can have virtually any
orientation in the two images and cannot be referenced
to any previously found line of intersection. A pixel
matching process such as block matching used in
panoramic imaging may be employed to compare and try to
align a line of pixels of one image with a line of
pixels in the other image. The degree of match of one
line with another may not be perfect because the two
images were acquired at different times and the anatomy
images may have changed due to bodily function or
movement or other effects. Hence a degree of match less
than 100% should be used to ascertain matching lines of

intersection. When the common line of pixels in the two
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images has been found, the location of the common line
I; is noted and used to initially estimate the positions
of other intersecting images as shown in FIGURE 3. When
the common line of intersection of FS;_. and FS,_. has
been found as illustrated in FIGURE 3, in which FS;.. is
in the plane of the drawing and FS;.. is orthogonal to
the drawing, the positions of the other images of the
second sequence can be estimated as illustrated in
FIGURE 3. 1In this example the two image sequences have
been acquired by rocking the probe or sliding it in an
arc as indicated by arrow R for the second sequence.
This motion will cause the respective images to be
approximately parallel but differently angularly tilted
by a differential angle A6 as shown for images 61, 62,
63, FSy.., 64, 65, and 66 of the second sequence. The
magnitude of the assumed differential angle AO is
predicated up the knowledge that a rocking motion was
used to scan the region of interest which can be
selected by the user interface, an assumed breadth of
scan, and the time of acquisition and number of images
acquired for the sequence. The angular increment A6 is
not exact, of course, but provides a starting point from
which the search for the line of intersection of each
second sequence image and the first sequence image FSi_..

The reason why A6 is not an exact inter-image
spacing can be appreciated from FIGURE 4. In this
illustration line A; is a line of intersection IL; for
two images and the next adjacent image is assumed to be
intersecting at a line ¢ which is offset from line A; by
angular increment A©. This presumed line of
intersection ¢ is shown in relation to a pixel grid 80
for purposes of illustration. Line ¢ 1is seen to

intersect the grid at center point ¢’ at the top of the



10

15

20

25

30

WO 2016/055902 PCT/IB2015/057435

-13-

grid and pass through the center point at the bottom of
the grid (not visible in this wview.) But when a search
is performed for a common line of pixels in the common
image and the next orthogonal image, the actual line of
intersection found may be line A;, which is seen to
intersect the pixel grid at a different location A’; at
the top, exit the grid at a different location than the
center, and is tilted at a distinctly different angle
than the presumed intersection line c¢. FIGURE 5
illustrates how the line of intersection matching
process proceeds for two intersecting image planes FSip
and FS;., of the two sequences. Image FSi-, has a line of
image content indicated at 70 which is shown as a row of
circles at the current line of intersection of the two
images. But this same line of image content 70’ is at a
different planar location in the second image 70’ which
is not in alignment at this orientation. When a search
is made for this image content in the second image, it
is seen that the lines of image content are not
registered until the first image is tilted forward to
bring 70 and 70’ into alignment. When this registration
is made the spacing to the line of intersection with an
adjacent image may be increased or decreased from the
nominal pixel spacing in the common image, in which case
the pixel spacing in the common image can be stretched
or compressed (warped) to maintain the geometric
accuracy of the intervening image region.

When the registration of the images of the second
sequence 1s done to find their lines of intersection
with the image FSi-. of the first sequence, the final
alignment may not be the initially assumed alignment
shown in FIGURE 3, but the pattern of alignment shown in
FIGURE 6. Other images of the first sequence may now be
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registered to common lines of intersection with the
second sequence images until all of the images of both
sequences have been registered with each other,
effectively forming an egg crate-like grid of
intersecting planar images. The spacing between the
image planes of the grid may then be filled in by
interpolating pixels between the image planes with the
scan converter. Multiple-point interpolation may be
used for this 3D pattern of images and pixels. The data
with its final pixel addresses in the volume buffer
after registrations and interpolation may then be
rendered into a 3D volume image by volume rendering and
the image viewed dynamically by dynamic parallax display.
Another approach to reconstructing an image is to
recognize that each scan sequence has a number of
variables due to the use of freehand scanning, such as
the inter-image plane spacing, the relative angles of
inclination of the image planes, the possible rotation
of each plane in several dimensions, and so on. These
image-to-image variables are unknowns. However, there
is a common attribute of the two scan sequences, which
is that each contains a view of the same target anatomy.
This second approach is to reconstruct the common
anatomical image or portions thereof with the data of
each image sequence using different estimates of the
unknown variables, then to compare the reconstructions.
This process is iterated with different estimates of the
variables until the result is optimized, producing a
near identical reconstruction from each image sequence.
The 3D reconstruction resulting from the optimized
variables can then be displayed as the three dimensional

image.
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In this iterative reconstruction method, the two
scanning sequences have a common constraint, which is
that each has been applied to the same target anatomy
or region of interest in 3D space. For each scan
sequence, there are unknown variable parameters that
prevent an accurate reconstruction of the target of
interest by use of just one sequence. Assume that
values are randomly chosen for uncertain parameter sets
of the two sequences, 61 for one sequence and 62 for
the other sequence. Using the chosen values, a
reconstruction of the target of interest is performed
using each image sequence. To test whether the chosen
parameter sets are correct or not, a comparison is made
to compare whether the two reconstructed targets are
similar since they describe the same target.

It is not necessary that the reconstruction be a
full reconstruction of the entire target volume. For
instance, the reconstructed data can be just the image
information that shares the same spatial coordinates,
the lines of intersection Ly of the two image sequences.
Since the original scan plane data are discrete,
interpolation may be needed in each image to obtain the
exactly intersecting lines. This interpolation can be
extended, if desired, to interpolate data for a full
reconstruction of the target of interest. For example,
a direct reconstruction of the 3D volume data of each
image sequence with additional interpolated lines can
be performed and then a comparison of the results is
made. It can be seen that the reconstructed lines of
intersection denote the data information for comparison
once some parameter sets for the scanned sequences are

chosen.
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The next step i1s to perform a comparison to see
whether the reconstructed lines of intersection of each
scanning sequence are similar. One method of
comparison is to directly use one reconstructed data
set minus the other reconstructed data set, then sum
the difference directly. Another method is to sum the
square of the difference of the two data sets.

It can be seen that once one or more unknown
parameter sets are chosen for the two scan sequences, a
value can be obtained which denotes the extent of
similarity of the reconstructed lines of intersection
or complete or partial volumes. If the correct
parameter sets are found, the reconstructions from the
two scanning sequences can ideally describe the exact
same target. An optimization process is now performed
to find the optimal solution (the correct wvalues) of
the unknown variable parameters which will minimize the
function as described in the right part of the

following equation:

{6z S’Q) = arg min Dist{D_(8, ) — D, {8, 1
where D denotes the representation of the data
information, @denotes the spatial uncertainty parameter
of the current data, and Distis a distance metric used
to evaluate the data constraints.

One intuitive way to perform the optimization is
to search all the possible combinations of 61 and 62.
Given a sufficiently finite number of variables and
ranges of wvalues and sufficient computing power, this
can be done. Then the combination that has the minimum
value of the “distance” function as described in the

right part of the above eguation is found and the
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corresponding combination is the optimal solution for
01 and ©62. FIGURE 7 illustrates the result of this
kind of search known as a “grid search”. From FIGURE 7
it can be seen that the function values of different
parameter combinations build up a surface called a
“response surface”. In the response surface the
location with the minimum value is the optimal value of
the parameters, which are [4,8] in this example.
Another way to obtain the optimal solution is to first
obtain several values of sampled points on the response
surface. Then, based on a spatial shape assumption, an
effort is made to reconstruct the response surface and
find the location of the minimum value on the
reconstructed response surface. After testing the real
function value with the wvalues of the minimum location,
a new response surface is reconstructed and a further
search for the minimum value is performed until the
iteration converges. This iterative method is a global
optimization, which can be performed by a number of
methods, such as hardy multi-quadratics and kriging-
function based methods, among others.

It will be understood that each block of the block
diagram illustrations, and combinations of blocks in
the block diagram illustrations, as well any portion of
the systems and methods disclosed herein, include
hardware components coupled together in a computer-
based system. In some embodiments, various steps can
be implemented by computer program instructions. These
program instructions may be provided to a processor to
produce a machine, such that the instructions, which
execute on the processor, create means for implementing
the actions specified in the block diagram block or

blocks or described for the systems and methods
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disclosed herein. The computer program instructions may
be executed by a processor to cause a series of
operational steps to be performed by the processor to
produce a computer implemented process. The computer
program instructions may also cause at least some of
the operational steps to be performed in parallel.
Moreover, some of the steps may also be performed
across more than one processor, such as might arise in
a multi-processor computer system. In addition, one or
more processes may also be performed concurrently with
other processes, or even in a different sequence than
illustrated without departing from the scope or spirit
of the invention.

The computer program instructions can be stored on
any suitable computer-readable hardware medium
including, but not limited to, RAM, ROM, EEPROM, flash
memory or other memory technology, CD-ROM, digital
versatile disks (DVD) or other optical storage,
magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or any other
medium which can be used to store the desired
information and which can be accessed by a computing
device.

For example, the present invention can include a
system having instructions thereon, which when executed,
cause the system to perform the following steps: moving
an ultrasound probe containing a one dimensional array
of transducer elements in a first direction while
acquiring a first sequence of spatially offset images
from a region of interest; storing the first sequence
of images; moving the ultrasound probe in a second
direction while acquiring a second sequence of

spatially offset images from a region of interest,
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wherein at least one image in the first sequence
intersects at least one image in the second sequence;
storing the second sequence of images; processing an
image from the first sequence with an image of the
second sequence to identify at least one common line of
intersection of the two images; processing additional
images from both sequences to identify one or more
lines of intersection of each additional image with one
or more lines of previously processed images to form a
three dimensional grid of intersecting images; and
processing the three dimensional grid of intersecting
images to produce a three dimensional ultrasound image

of a region of interest.
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WHAT IS CLAIMED IS:

1. A method for producing a three dimensional
ultrasound image by freehand scanning comprising:

moving an ultrasound probe containing a one
dimensional array of transducer elements in a first
direction while acquiring a first sequence of spatially
offset images from a region of interest;

storing the first sequence of images;

moving the ultrasound probe in a second direction
while acquiring a second sequence of spatially offset
images from a region of interest, wherein at least one
image in the first sequence intersects at least one
image in the second sequence;

storing the second sequence of images;

processing an image from the first sequence with
an image of the second sequence to identify at least
one common line of intersection of the two images;

processing additional images from both sequences
to identify one or more lines of intersection of each
additional image with one or more lines of previously
processed images to form a three dimensional grid of
intersecting images; and

processing the three dimensional grid of
intersecting images to produce a three dimensional

ultrasound image of a region of interest.

2. The method of Claim 1, wherein processing the
three dimensional grid of intersecting images further
comprises scan converting additional image elements

between images of the three dimensional grid.

3. The method of Claim 1, wherein moving the
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ultrasound probe further comprises rocking or tilting

the ultrasound probe.

4. The method of Claim 1, wherein moving the
ultrasound probe further comprises sliding the probe in

a substantially straight line.

5. The method of Claim 1, wherein moving the
ultrasound probe further comprises moving an ultrasound

probe containing a linear array of transducer elements.

6. The method of Claim 5, wherein moving the
ultrasound probe further comprises moving an ultrasound

probe containing a curved array of transducer elements.

7. The method of Claim 1, wherein processing
images from both sequences to identify a common line of
intersection further comprises searching the image
content of two intersecting images to identify
substantially the same line of image content in the

intersecting images.

8. The method of Claim 7, wherein identifying
substantially the same line of image content further
comprises identifying a line of image content in one
image which is less than 100% identical to a line of

image content of an intersecting image.

9. An ultrasound system for producing a three
dimensional image of a region of interest, comprising:

an ultrasound probe comprising a one dimensional
array of transducer elements;

a first frame sequence buffer that is coupled to
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the ultrasound probe and configured to store a first
sequence of spatially offset two dimensional images
when the probe is moved in a first direction;

a second frame sequence buffer that is coupled to
the ultrasound probe and configured to store a second
sequence of spatially offset two dimensional images
when the probe is moved in a second direction;

an image line registration processor that is
coupled the first and second frame sequence buffers and
configured to identify a common line of intersection of
an image of the first frame sequence buffer with an
image of the second sequence buffer;

a 3D volume buffer that is coupled to the image
line registration processor and configured to store the
image data of images having the common line of
intersection; and

a display that is coupled to the 3D volume buffer

and configured to display a three dimensional image.

10. The ultrasound system of Claim 9, further
comprising a scan converter coupled to the 3D volume
buffer and configured to produce image data between
images found to have one or more common lines of

intersection.

11. The ultrasound system of Claim 9, further
comprising a volume renderer that is responsive to
image data stored in the 3D volume buffer and
configured to produce a volume rendered three

dimensional image.

12. The ultrasound system of Claim 9, further

comprising a detector that is coupled between the probe

PCT/IB2015/057435
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and the frame sequence buffers and configured to detect

tissue data for ultrasound images.

13. The ultrasound system of Claim 9, further
comprising a detector that is coupled between the probe
and the frame sequence buffers and configured to detect

motion data for ultrasound images.

14. The ultrasound system of Claim 9, further
comprising a user interface that is coupled to the
first and second frame sequence buffers and configured
to inform each buffer when to store a sequence of

images.

15. The ultrasound system of Claim 9, wherein the
one dimensional array of transducer elements further
comprises one of a linear array of transducer elements,
a curved array of transducer elements, or one row of
elements of a two dimensional array of transducer

elements.

16. The ultrasound system of Claim 9, wherein the
ultrasound probe further comprises a position sensing
device, and the ultrasound system is configured to
determine a probe position based at least in-part on

the position sensing device.

17. The ultrasound system of Claim 16, wherein
the ultrasound system includes an electromagnetic
tracking system configured to determine the probe

position.
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