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[571 ABSTRACT

A dual echo magnetic resonance imaging system pro-
duces two registered images of a patient in which the
images have different contrast relationships between
different tissue types. A two dimensional feature space
histogram of the two images is produced and a separate
centroid is located in the feature space histogram for
each one of a pair of tissue types. A Cartesian coordi-
nate system is defined in the feature space so that one
axis of the system passes through the two centroids.
Vector decomposition is employed to project each
image element data point in the feature space onto a
point on the one axis. The fractional quantity of each
tissue type present in the image element is determined
based upon the Euclidean distances from that axis point
to the respective centroids. The fractional quantity is
calculated for each element in the original images to
form a pair of tissue images. The elements of a tissue
image are processed to measure the amount of that
tissue type in the imaged portion of the patient.

Neuroradiology, “Alzheimer Disease: Measuring Loss of 12 Claims, 6 Drawing Sheets
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METHOD FOR SEGMENTING FEATURES IN AN
IMAGE

BACKGROUND OF THE INVENTION

The field of the invention is image processing and
more particularly, to the processing of medical images,
such as those acquired by magnetic resonance, com-
puted tomography or positron emission tomography, in
order to enhance features in the image.

As the invention has particular application to mag-
netic resonance imaging, it will be described in that
context. Any nucleus of an atom which possesses a
magnetic moment attempts to align itself with the direc-
tion of the magnetic field in which it is located. In doing
so, however, the nucleus precesses around this direction
at a characteristic angular frequency (Larmor fre-
quency) which is dependent on the strength of the mag-
netic field and on the properties of the specific nuclear
species (the magnetogyric constant g of the nucleus).
Nuclei which exhibit this phenomena are referred to
herein as “spins”.

When a substance such as human tissue is subjected to
a uniform magnetic field (polarizing field Bo), the indi-
vidual magnetic moments of the spins in the tissue at-
tempt to align with this polarizing field, but precess
about it in random order at their characteristic Larmor
frequency. A net magnetic moment M; is produced in
the direction of the polarizing field, but the randomly
oriented magnetic components in the perpendicular, or
transverse, plane (x-y plane) cancel one another. If,
however, the substance, or tissue, is subjected to a mag-
netic field (excitation field B;) which is in the x-y plane
and which is near the Larmor frequency, the net aligned
moment, M, may be rotated, or “tipped”, into the x-y
plane to produce a net transverse magnetic moment M;,
which is rotating, or spinning, in the x-y plane at the
Larmor frequency. The practical value of this phenom-
enon resides in the signal which is emitted by the ex-
cited spins after the excitation signal B; is terminated.
There are a wide variety of measurement sequences in
which this nuclear magnetic resonance (“NMR”) phe-
nomena is exploited.

When utilizing NMR to produce images, a technique
is employed to obtain NMR signals from specific loca-
tions in the subject. Typically, the region which is to be
imaged (region of interest) is scanned by a sequence of
NMR measurement cycles which vary according to the
particular localization method being used. The resulting
set of received NMR signals are digitized and processed
to reconstruct the image using one of many well known
reconstruction techniques. To perform such a scan, it is,
of course, necessary to elicit NMR signals from specific
locations in the subject. This is accomplished by em-
ploying magnetic fields (Gx, Gy, and G;) which have
the same direction as the polarizing field Bg, but which
have a gradient along the respective x, y and z axes. By
controlling the strength of these gradients during each
NMR cycle, the spatial distribution of spin excitation
can be controlled and the location of the resulting NMR
signals can be identified.

NMR is a very useful imaging modality for medical
diagnosis. A typical application involves imaging a
brain to detect a tumor and determine the location of
the tumor. It also is desirable to be able to determine the
volume of the tumor from an NMR image. This be-
comes difficult as not every volume element (voxel) of
the image is entirely tumor or entirely normal tissue,
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2
instead voxels at the edge of, and even within, the tumor
are formed by different proportions of each type of
tissue. Therefore it is desirable to develop a method for
determining those proportions on a voxel by voxel basis
in order to accurately assess the volume of each tissue

type.
SUMMARY OF THE INVENTION

First and second registered images of an object are
acquired wherein the images have different contrasts
among features in the images and wherein each image is
formed by a two-dimensional array of image elements.
For example dual-echo magnetic resonance imaging
can be used to acquire the pair of registered images.

An object of the present invention is to provide a
method by which different features in an acquired
image can be segmented. Toward this object, a two
dimension feature space histogram of intensity levels of
the image elements in the first and second images is
created. First and second centroids are located in the
feature space histogram wherein the first and second
centroids respectively correspond to first and second
features in the images.

A Cartesian coordinate system is defined in the fea-
ture space histogram the origin is located at the first
centroid and one axis passing through the second cen-
troid. For each image element in one of the images, a
vector that defines the location for the image element in
the feature space histogram is decomposed into a com-
ponent vector along the one axis. The resultant compo-
nent vectors are used to determine fractional quantities
of the first and second features in image elements. For
example, in a medical imaging system the fractional
amounts of two different tissue types represented in a
image element can be determined in this manner.

Another object is to produce a separate image con-
taining a segmented feature from the acquired image
and information about the fractional quantity of each
feature in the elements of the acquired image. In prac-
tice a separate image is produced for each feature seg-
mented from the acquired image. A first feature image is
formed by setting the value of its elements to the frac-
tional quantity of the first feature in the corresponding
elements of the first image. A second feature image is
formed in a similar manner using the fractional quanti-
ties of the second feature.

A further object of the present invention is to provide
a technique by which the fractional quantity of a feature
in each image element is employed to measure a physi-
cal parameter of the feature. Each of the feature images
can be employed to derive a measurement of a physical
parameter of the corresponding feature from the ele-
ments of the feature image. For example, the space of a
feature is measured by knowing the amount of space
represented by each image element and separately mul-
tiplying that amount of space by each fractional quan-
tity in one of the feature images. The series of products
from that multiplication are summed to provide a total
space measurement of the feature. The feature images
also can be displayed as images in which the associated
feature has been enhanced.

Still another object of the present invention is to
provide a non-invasive technique by which the volume
of a tumor within a patient can be measured. In this
application of the invention,, each image element de-
picts a volume within the portion of the patient being
imaged and that volume is the amount of space referred



5,361,763

3

to in the preceding paragraph. Thus the fractional quan-
tity data can be employed to measure the total volume
of the tumor by taking several image slices through the
patient, determining the amount of tumor depicted in
each image, and summing those amounts for all of the
images.

The foregoing and other objects and advantages of
-the invention will appear from the following descrip-
tion. In the description, reference is made to the accom-
panying drawings 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 is made therefore to the claims
herein for interpreting the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an NMR system which
employs the present invention;

FIG. 2 is an electrical block diagram of the trans-
ceiver which forms part of the NMR system of FIG. 1;

FIG. 3 is a pictorial view showing a typical acquisi-
tion of a plurality of NMR data from a patient;

FIG. 4 is a graphical depiction of an NMR pulse
sequence used to acquire dual echo data;

FIGS. 5A and 5B are representations of two images
produced from the dual echo data;

FIG. 6 is a graph of the feature space for the voxel
intensity values in the two images in FIGS. 5A and 5B;

FIG. 7 is a graph of the feature space of FIG. 6 with
an overlay of an orthogonal coordinate system em-
ployed to derive tissue type fractional quantity values
for each voxel;

FIGS. 8A and 8B are a pair of tissue images produced
by the fractional quantity values determined by the
present invention;

FIG. 9 is a graph of the feature space for the voxel
intensity values for an alternative embodiment that
derives fractional quantity values for three tissue types
within the acquired images; and

FIGS. 10A and 10B are graphs of the feature space of
FIG. 9 overlays of two orthogonal coordinate systems
employed to derive tissue type fractional quantity val-
ues for each vozxel; and

FIGS. 11 and 12 are block diagrams of a computed
tomography system with which the present invention
can be practiced.

DETAILED DESCRIPTION OF THE
INVENTION

Referring first to FIG. 1, there is shown in block
diagram form the major components of a preferred
NMR system which incorporates the present invention.
The overall operation of the system is under the control
of a host computer system generally designated 100
which includes a computer 101 (such as a Data General
MV7800). The computer has associated therewith an
interface 102 through which a plurality of computer
peripheral devices and other NMR system components
are coupled. Among the computer peripheral devices is
a magnetic tape drive 104 which may be utilized under
the direction of the main computer for archiving patient
data and images to tape. The computer system is pro-
vided with a means to store raw data (i.e. before image
construction) utilizing a disc data storage system desig-
nated 112. The function of image processor 108 is to
provide interactive image display manipulation such as
magnification, image comparison, gray-scale adjust-
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ment and real-time data display. Processed patient data
may also be stored in an image disc storage device des-
ignated 110. An operator console 116 is also coupled to
the computer by interface 102 and provides the opera-
tor with the means to input data pertinent to a patient
study as well as additional data necessary for proper
NMR system operation, such as calibrating, initiating
and terminating scans. The operator console also has a
CRT monitor to display images stored on discs or mag-
netic tape.

The computer system 100 exercises control over the
NMR system by means of system control 118 and gradi-
ent amplifier system 128. The computer 100 communi-
cates with system control 118 via a link 103 in a manner
well known to those skilled in the art. The system con-
trol 118 includes several subsystems such as a pulse
control module (PCM) 120, an array processor 106, a
radio frequency transceiver 122, a status and control
module (SCM) 124, and the power supplies generally
designated 126 necessary to energize the components.
The PCM 120 utilizes control signals provided by main
computer 101 to generate digital timing and control -
signals such as the digital waveforms which control
gradient coil excitation, as well as RF envelope wave-
forms utilized in the transceiver 122 for modulating the
RF excitation pulses. The gradient waveforms are ap-
plied to the gradient amplifier system 128 generally
comprised of Gx, Gyand Gzamplifiers 130, 132 and 134,
respectively. Each amplifier 130, 132 and 134 is utilized
to excite a corresponding gradient coil in an assembly
generally designated 136. When energized, the gradient
coils generate magnetic field gradients Gy, Gyand G;of
the magnetic field in the same direction as the main
polarizing magnetic field, wherein the gradients are
directed in mutually orthogonal X-, Y- and Z-axis direc-
tions of a Cartesian coordinate system. That is, if the
magnetic field generated by the main magnet (not
shown) is directed in the z direction and is termed By,
and the total magnetic field in the z direction is referred
to as B; then Gx=2B,/dx, Gy=0By/doy and

z=0B,/3z, and the magnetic field at any point (%, y, z)
is given by B(x, y, 2)=Bo+GxX+G,;Y +G,Z.

The gradient magnetic fields are utilized in combina-
tion with radio frequency pulses generated by trans-
ceiver 122, RF amp 123 and RF coil 138 to encode
spatial information into the NMR signals emanating
from the region of the patient being studied. Waveforms
and control signals provided by the pulse control mod-
ule 120 are utilized by the transceiver subsystem 122 for
RF carrier modulation and mode control. In the trans-
mit mode, the transmitter provides a radio frequency
waveform modulated in accordance with the control
signals to an RF power amplifier 123 which then ener-
gizes RF coil 138 which is situated within main magnet
assembly 146. The NMR signals radiated by the excited
nuclei in the patient are sensed by the same or a differ-
ent RF coil than is used for transmitting and amplified
by a preamplifier 139. The NMR signals are amplified,
demodulated, filtered, and digitized in the receiver sec-
tion of the transceiver 122. The processed NMR signals
are transmitted to the array processor 106 for process-
ing by means of a dedicated, unidirectional link 105.

The PCM 120 and SCM 124 are independent subsys-
tems both of which communicate with main computer
101, peripheral system, such as patient positioning sys-
tem 152, as well as to one another by means of serial
communications link 103. The PCM 120 and SCM 124
are each comprised of a 16-bit microprocessor (such as
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