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COMPUTERIZED METHOD FOR
CONVERTING POLAR TOMOGRAPHIC
DATA TO A CARTESIAN IMAGE FORMAT

FIELD OF THE INVENTION

The present invention relates to medical imaging equip-
ment such as MRI and CT systems in which data is acquired
in a radially symmetric acquisition pattern and in particular
to a method of formatting such data into a rectangular format
for display and processing.

BACKGROUND OF THE INVENTION

Medical imaging systems such as computed tomography
(CT) and magnetic resonance imaging (MRI) employ com-
puter reconstruction techniques to convert acquired data into
tomographic or “slice” images of a patient.

In CT, the acquired data consists of radiographic projec-
tions obtained with a fan beam of x-rays at regular angular
intervals about the patient within the plane of the slice. A
Fourier transformation of each projection provides a line of
the Fourier transform of the desired slice image along a line
of diameter about the center of rotation of the projections. A
set of projections at different angles, therefore, provides a set
of different lines of Fourier data arranged like spokes in a
wheel. This Fourier data is converted to a rectangular or
Cartesian format and the two-dimensional inverse Fourier
transform is taken to produce the tomographic image.

In MRI, the acquired data is a sampled nuclear magnetic
resonant (NMR) signal received from the patient after
stimulation by a radio frequency (RF) electromagnetic field
and during the application of one or more magnetic gradient
fields. The gradient fields are produced by amplifiers driving
conductive coils so the gradient fields may be varied in a
“sequence” during the imaging. Multiple NMR signal
acquired during the sequence, produce a field of data within
. a Fourier “k-space”. This field of data is operated on by the
two dimensional Fourier transform to produce the tomo-
graphic image. In one gradient sequence that reduces the
peak power required of the gradient amplifiers, each acqui-
sition of an NMR signal produces data along a spiral path
through the k-space. As with CT, it is typical to convert this
data to a Cartesian format to process and display it.

In both CT and MRI, each acquired data point is associ-
ated with an elemental measurement volume (voxel), either
in the patient or in the Fourier space of the transformed data.
As aresult of the radial nature of the acquisition, the voxels
are sectors of cylindrical annuluses arranged about a com-
mon center within a slice plane, their exact dimensions being
determined by the resolution of the system. Normally, the
thickness of the voxels (measured normal to the image
plane) is constant and thin so that the voxels may be treated
practically as areas rather than volumes. Voxels of this type
will be termed “polar voxels” and the associated delta will
be termed “polar data”.

As noted above, accurate and efficient processing of a
tomographic image requires that the polar data be converted
to data values associated with rectangular voxels arranged in
lines. These voxels will be termed “Cartesian voxels” and
their associated data will be termed “Cartesian data”. Car-
tesian data is easier to process and most commercial display
devices, such as CRTs, enforce the use of data in a Cartesian
format as a result of their scanning pattern.
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Ideally, the conversion between polar data and Cartesian
data accurately reflects the relative size, shape, orientation
and position of the associated polar voxels and Cartesian
voxels. Thus, a simple interpolation between polar data and
closest Cartesian data based on the centers of the voxels is
unacceptable.

Accurate conversion reflecting the relative size, shape,
orientation and position of the associated polar voxel and
Cartesian voxel can be difficult. There is no simple relation-
ship between the position and relative orientation of polar
voxels and Cartesian voxels. This is compounded by the fact
that the shape and area of the polar voxels will generally
change depending on their distance from the center of the
polar reference frame.

The intractability of this conversion process has led to the
development of an oversampling technique where the polar
voxels are superimposed on an extremely fine Cartesian grid
and each of the Cartesian voxels is cataloged as being inside
or outside a given polar voxel. After a large number of such
points are cataloged, the number of Cartesian voxels in each
polar voxel is used to establish a conversion weight.
Although this technique can provide an arbitrarily high
degrec-of accuracy, it is extremely inefficient and time
consuming.

A table incorporating the conversion weights may be used
for multiple conversions provided the relative size, number
and positioning of the polar and Cartesian voxels is not
changed. Any change in the relative size, number or posi-
tioning of the polar and rectangular coordinates, however,
requires a completely new calculation of this table. There is
no simple operation on the conversion weights that will
produce a new table for such changes in the structure of the
rectangular or polar voxels. Thus the need for a computa-

tionally efficient means for converting polar data to Carte-

sian data or generating a conversion table is needed.

SUMMARY OF THE INVENTION

The present invention provides an extremely accurate and
computationally efficient method of converting tomographic
data, in a polar format, into Cartesian data suitable for
subsequent reconstruction or display. The process makes use
of truncation techniques developed for the computer graph-
ics industry together with a compact description of each
polar voxel to rapidly compile a list of weights for the
conversion of polar data into Cartesian data.

Specifically, the present invention provides a tomographic
imaging system having a detector providing a plurality of
polar values related to physical characteristics of an imaged
object, the polar values associated with corresponding polar
volume elements arranged in concentric rings. An electronic
computer receives these polar values from the detector and
executes a stored program to identify the Cartesian volume
elements overlapping a given current polar volume element
in a predetermined mapping of polar volume elements to
Cartesian volume elements.

For a current overlapping Cartesian volume element, the
current polar volume element is truncated as if displayed in
a window equal in size to the current overlapping Cartesian
volume element to produce a truncated polar volume ele-
ment. The area of the truncated polar volume element is
calculated to produce a weight value which is identified to
both the current overlapping Cartesian volume element and
the current polar volume element. This step is repeated for
all of the identified overlapping Cartesian elements and then
the entire process is repeated for each of the polar volume
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elements. Cartesian values associated with the Cartesian
volume elements are determined by summing, over all
weight values associated with a Cartesian volume element,
the product of the weight value times the polar data of the
polar volume element identified with the weight value.

Thus, it is one object of the invention to provide a rapid
computational method suitable for use on an electronic
computer that may convert data taken in a polar coordinate
system to a Cartesian format while accurately taking into
account the size and shape, orientation and relative positions
of the various voxels. By formulating the conversion process
as one of truncating the polar voxels against the regular,
rectangular Cartesian voxels, the conversion is made simple
and fast. The polar values may be Fourier transformed x-ray
attenuation data or sampled nuclear magnetic resonance
signals acquired by a magnetic resonance imaging system,
or other similar tomographic data.

The origin defining the polar volume elements and the
origin of the axes defining the Cartesian volume elements
may be the same and the boundaries between polar volume
elements may lie along the Cartesian axes.

Thus it is another object of the invention to permit the
rapid identification of overlapping Cartesian voxels for a
given polar voxel by insuring that the origins and axes are
aligned so only the vertices of the polar voxel need be
examined to determine the overlapping Cartesian coordi-
nates.

The production of a truncated polar volume element may
be performed by evaluating a series of segments defining the
current polar volume element and calculating intersections
between those segments and similar segments defining the
identified Cartesian volume element to create a new series of
segments defining the truncated polar volume element.

Thus it is another object of the invention to provide a
computationally efficient method of determining relative
overlap between two voxels of arbitrary size, shape, orien-
tation, and position.

The foregoing and other objects and advantages of the
invention will appear from the following description. In the
description, reference is made to the accompanying draw-
ings which form a part hereof and in which there is shown
by way of illustration, a preferred embodiment of the
invention. Such embodiment does not necessarily represent
the full scope of the invention, however, and reference must
be made therefore to the claims herein for interpreting the
scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram of a CT machine
showing a fan beam CT scanner producing polar projection
values received a reconstruction computer which produces
Cartesian values for reconstruction and display on a display
terminal;

FIG. 2 is a simplified diagrammatic representation of
overlapping polar and Cartesian voxels oriented so as to
have coincident origins and so that polar voxels are sepa-
rated along the Cartesian axes and showing the complex
relationship between polar and Cartesian voxels for two
polar voxels;

FIG. 3 is a flow chart of a program executed by the
computer of FIG. 1 showing the steps of generating a
conversion table for converting between polar data and
Cartesian data through the use of repeated truncation of the
polar voxels;
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FIG. 4 is a schematic representation of a given polar voxel
in computer memory;

FIG. 5 is a schematic representation of a polar voxel
showing the determination of overlapping Cartesian voxels
from the vertices of the polar voxel;

FIG. 6 is a flow chart of the truncation operation of FIG.
3 for determining a truncated polar voxel for each overlap-
ping Cartesian voxel;

FIG. 7 is a view of the voxel of FIG. § and its overlapping
Cartesian voxels showing the truncation process of FIG. 6;
and

FIG. 8 is a schematic representation of the conversion
table between polar data and Cartesian data as stored in
computer memory.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Imaging Hardware

Referring to FIG. 1, a CT machine 10, suitable for use
with the present invention and as is generally known in the
art, includes a gantry unit 12 communicating with a recon-
struction computer 16. The reconstruction computer 16 is a
general high speed Von Neumann type electronic computer
but may include an array processor for the necessary recon-
struction computations. A display console 18 receives data
from the reconstruction computer 16 to produce a tomo-
graphic image 22. General parameters relating to the acqui-
sition of the tomographic image 22 may be entered by means
of a keyboard 46 associated with the display console 18 and
communicating with the reconstruction computer 16.

The gantry unit 12 provides an x-ray source 24 producing
a fan beam 26 passing generally along a transverse plane
through a patient 28 to be received by a detector 30. The
x-ray source 24 and detector 30 are mounted on a rotating
gantry 32 so that an angle 0 of the fan beam 26 as it passes
through the patient 28 may be varied. The attenuation of the
fan beam 26 as measured by the detector 30 at a given angle
0 provides a “projection”. Projection data 14 is transmitted
to the reconstruction computer 16.

Overview of the Imaging Process

As a first step in the production of the tomographic image
22, projections are taken for different angles 6 (generally
over 360°) to form a “projection set”. A preprocessing
routine 15 takes the Fourier transform of the projection data
14 to produce a set of polar values 34 stored in the
reconstruction computer 16 as an array 37. In the array 37
each polar value 34 is associated with a polar volume
element (voxel) 36 representing a portion of the Fourier
space of the polar values 34.

Each polar voxel 36 is identified to polar coordinates r and
6 where 0 generally equals the angle of the gantry 32 at
which the polar value 34 was acquired and can be thought
of as an angle about a center or origin 35 of the Fourier space
of the polar voxels 36. The coordinate r is a spatial frequency
measured by the polar value 34 and can be thought of as a
distance from the origin 35 to the polar voxel 36.

The circumferential extent of each polar voxel 36 is
determined by the number of different projections taken over
360° of gantry rotation whereas the radial extent of each
voxel is determined generally by the number of individual
detector elements in the detector 30 and thus the spatial
resolution of the detector 30 and accordingly, the frequency
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resolution of the sampled Fourier transform of the projection
data 14.

The reconstruction of the Fourier polar values 34 into the
tomographic image 22 is most easily done in a Cartesian
reference frame. Therefore the polar values 34 are next
converted to Cartesian values 43 by means of a converter
routine 38 in reconstruction computer 16. The converter
routine 38 will be described in detail below.

Like the polar values 34, each resulting Cartesian value 43
is stored in an array 40 in the reconstruction computer 16
and associated with a Cartesian voxel 42. Cartesian voxels
42 are defined by coordinates x and y representing distances
of the Cartesian voxels 42 from an origin 39 along perpen-
dicular axes in the Fourier space. Generally, the height and
width of each Cartesian voxel 42 is uniform and dependent
on the desired display resolution of the tomographic image
22 and the resolution of the projection data 14.

Once the polar values 34 are converted into Cartesian
values 43, the Cartesian values 43 are reconstructed into a
tomographic image 22 by reconstruction routine 44 imple-
mented in software in the reconstruction computer 16. The
reconstruction routine 44 takes the two-dimensional Fourier
transform of the Cartesian values 43 along the x and y axes.

Polar to Cartesian Conversion

A. Generating a Segment List

Referring now to FIGS. 2, 3, and 4, different polar voxels
36a and 36b will in general have different sizes, shapes,
orientations and positions. Accordingly, the process of con-
verting the polar values 34 to Cartesian values 42 by
converter program 38 starts, as represented by process
blocks 50 and 52, (FIG. 3) by describing each of the polar
voxels 36 by means of a segment list 54 stored in the
memory of the reconstruction computer 16. The segment list
54 relates a unique index value associated with each voxel
36 to a list of its segment 56.

The index value ranges from one to the number of voxels
36. In the simplest case, where the voxels 36 all subtend
equal angles and are all aligned along sectors of a circle, the
index value may start at the inner most ring of voxels near
the origin 35 and proceed clockwise around a ring, and upon
completion of the ring, proceed to the next outer ring in like
fashion.

The segments 56 associated with each index value
describes the perimeter of the voxel 36 by means of its
vertices 72 (in Cartesian coordinates) and the arcs of its
segments 56. Each polar voxel 36 is considered to have four
segments 56 with the innermost voxels 36 having one
segment of zero length. Thus, the amount of memory space
occupied by each voxel 36 in the segment list 54 is the same,
permitting ready identification of those memory elements
holding information for any given segment 56 of any given
voxel 36.

For each voxel 36, two opposed segments 56 are straight
and two opposed segments 56 are arcs of different radii but
a common center of the origin 35. The segment list 54 thus
stores for each index value, and for each of four segments
56, a starting segment vertex 58 defined by a starting x and
y Cartesian coordinate, and an ending segment vertex 60
also defined by a Cartesian coordinate x and y. If the
segment is an arc, a radius value 64 indicates the radius of
that segment otherwise radius value contains a zero inter-
preted as indicating that the segment is a straight line.

B. Identifying Overlapping Cartesian Voxels
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Referring again to FIG. 3, at process block 70 immedi-
ately following the generation of the segment list 54 for a
given polar voxel 36, all Cartesian voxels 42 overlapping the
given polar voxel as selected at process block 50 are
identified. Each Cartesian voxel 42 is also given a unique
index value. For example, starting in the upper left hand
corner, the voxels may be numbered from left to right in
rows continuing from top row to bottom row. Unlike the
polar voxels 36, the size and orientation of the Cartesian
voxels 42 is uniform and a segment list is not required.
Instead, an explicit algebraic definition of the Cartesian
coordinates of the vertices of the voxels 42 based on the
index number may be readily determined by those of ordi-
nary skill in the art.

Referring then to FIGS. 3 and 5, the identification of the
overlapping Cartesian voxels 42 for a given polar voxel 36¢
may be performed examining each of the vertices 72 of the
polar voxel 36 to define an inclusion rectangle 74 circum-
scribing the polar voxel 36. Each side of the inclusion
rectangle intercepts one vertice 72 and is parallel to one of
the x- or y-axes. This inclusion rectangle 74 may be gener-
ated simply by examining the x and y coordinates of the
starting and ending points of 58 and 60 of each segment and
selecting those coordinate values furthest from the center of
mass of the vertices 72. The inclusion rectangle will thus be
defined by two y-axis values and two x-axis values. Over-
lapping Cartesian voxels 42 may identified simply as those
having one or more vertices 73 within the inclusion rect-

- angle. This determination involves only two simple com-

parison operations to the each of the vertices x and y
coordinates and is extremely rapid on a computer.

This procedure will, in certain cases, identify Cartesian
voxels 42 in the neighborhood of the polar voxel 36 that are
not in fact overlapping with the area of the polar voxel 36.
As will be seen, this is not a problem because those voxels
42 will ultimately be given zero weight in the conversion
process. Alternatively, the Cartesian voxels 42 identified by
the inclusion rectangle 74 may subsequently be evaluated
against the actual area of the polar voxel 36 to see if the
vertices are in fact within that polar voxel 36 as defined by
the segment list 54.

In the preferred embodiment, the selection of the number
and size of the polar voxels 36 is constrained so that
boundaries between polar voxels 36 align with the Cartesian
axes of the Cartesian voxels 42. This means that the entire
area of the polar voxel 36 will in fact lie within the inclusion
rectangle 74. Generally, however, this restriction need not be
enforced if the intersections between the segments of the
Cartesian voxels and segments of the polar voxels are
compared directly, accepting the corresponding penalty in
computational time.

C. Truncation of the Polar Voxels

Once the list of overlapping Cartesian voxels has been
generated at process block 70, then at process block 76, each
of those identified overlapping Cartesian voxels 42 is used
as a window against which to truncate the polar voxel 36 per
process block 78. This truncation process evaluates what
portion of the area of the polar voxel 36 overlaps the area of
the Cartesian voxel 42.

Referring now to FIGS. 6 and 7, the truncation process of
process block 78 first considers each vertex 72a through 724
of the polar voxel 36, as stored in the segment list 54, and
as indicated at process block 80. At decision block 82, a
determination is made as to whether the particular vertex 72
is inside or outside of a Cartesian voxel 42. Like the
determination of whether vertices of the Cartesian voxels are
inside of the inclusion rectangle 74, this determination
requires only four rapid comparison operations.






	Abstract
	Drawings
	Description

