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. . : . . A Reference
According to the invention, an object in an ultrasound image Frame
is characterised by considering various in—-vivo object parameters and
their variability within the ultrasonic imaging data. Specifically, it is 8
assumed that the object may be defined in terms of statistical properties Position ROV
(or object identifying parameters), which are consistently different
from properties of the environment. Such properties are referred to as C
the object’s signature. The statistical properties are calculated (E) at
selected locations within the image to determine (G) if they fall within D "C:"t)au
a predetermined range of values which represents the object. If within

this range, the locations are marked to indicate they are positioned
within the object. A border may then be drawn around the object and £

the area calculated (H).
;
o
"

K |
No Bord(ﬁr &K. ? Ye o From I
Intervention Fig. 3B
No New
More
<a

)
L J M
Yes Yes m
N
O
O

| To Fig. 38

ke e aARLs Ahd ek e 2 2ba edddah et 3G A Il 3 - 2 P 1 Al o e A A T D S A EITIC B e A Blem ARSI ce A 2 hat o heda ey s P DAY 1) ¢ AT ORI Lol R ALEE WD Uy AL B e S A L “CALAN] v AU LR e G aar i F YRS 4 ST e e e e e 4 e S ALy SIS - SN € LA AL IR A AN I o ¢ T P et :




10

15

20

25

30

35

CA 02340247 2001-02-12

WO 00/19903 PCT/1IB99/01541

ADAPTIVE CROSS-SECTIONAL AREA COMPUTATION USING STATISTICAL SIGNATURES

BACKGROUND OF THE INVENTION
This invention relates to the automated
characterization and identification of objects, 1including
automated detection of their borders, i1n intravascular
ultrasonic imaging.

" The value of ultrasonic imaging can be enhanced if
models can be developed which accurately correlate properties
of ultrasound objects in an in-vivo environment. Heretofore
there have been few automated approaches 1in the field of in-
vivo ultrasonic object definition and i1dentification.
Previously proposed approaches may be classified in two
categories. First, the defining of an object as an area
surrounded by a detected border. Detection of the border in
turn is based on local properties and behavior of the border.

Second, the development of a theoretical model for an
ultrasound object which i1is validated for in vitro studies.

According to the first category, approaches have

been developed at the Thoraxcenter in Rotterdam, Holland, and
at the University of Iowa which employ feature extraction
techniques for border detection. In those approaches an
object is defined as the area encompassed by a detected
border, and the algorithms used are optimized to provide the
best possible border. These approaches are limited because
algorithms provide little information about the parameters
characterizing the object under observation. Neither can the
algorithms adapt their behavior in accordance with frame-to-
frame variants in object properties. 1In addition, the
algorithms are computatiocnal and time i1ntensive in Cross-
sectional area computation, since they must completely

calculate the object border in each Irame of the volume.
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In the second category of approaches, tissue
modeling techniques have been developed for comparing data
patterns with predefined models, e.g., at the Stanford Center
for Cardiac Interventions and the University of Texas. In
these types of techniques, a consistent tissue behavior is
assumed which can be modeled. The models describe internal
properties of an object which can be used to identify the
object. However, such models are inherently limited in that
by their nature they cannot accommodate variations in object
properties from patient to patient, or even from frame to
frame. A paper by Petropulu et al. entitled MODELING THE

ULTRASOUND BACKSCATTERED SIGNAL USING o-STABLE DISTRIBUTIONS,
1996 IEEE Ultrasonics Symposium, p. 103 is representative of

the model-based approach. Therein certain assumptions about
theoretical statistical behavior are made, and the assumptions
are used to i1dentify the object in an in-vivo case study.

This limited approach is subject to significant errors because
it yields a model which only partially describes the object
behavior and does not take into account variations from case
to case.

Most known techniques for object border detection
use a purely manual method for border tracing, which is done
simply by drawing the boundary of the object. This procedure
1s slow and is subject to errors and variations between users.

Moreover, 1t does not allow for the characterization of the
object within the border.

One known description of a combination of different
approaches 1s Spencer et al., CHARACTERISATION OF
ATHEROSCLEROTIC PLAQUE BY SPECTRAL ANALYSIS OF 30MHZ
INTRAVASCULAR ULTRASOUND RADIO FREQUENCY DATA, 1996 IEEE
ULTRASONICS SYMPOSIUM, p. 1073, wherein a statistical model is
developed from in-vitro studies, then applied to in-vivo
cases. Such an approach is limited by both the differences
between in-vitro and in-vivo conditions and between in-vivo
cases.

What are needed are better techniques for border
detection and for identifying and characterizing objects and

features of ultrasonic imaging.

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

CA 02340247 2001-02-12

WO 00/19903 PCT/1B99/01541

SUMMARY OF THE INVENTION

The 1nvention provides exemplary systems and methods for
evaluating objects located within ultrasonic images.
According to one exemplary method, in-vivo ultrasound image
data is obtained and an image is constructed from the data
which includes at least one object. At least two parameters
are calculated from the data for selected locations within the
object. These parameters are representative of the intensity
of the object and the spacial structure of the object.

Preferably, the data that is collected is time-

domain data. This data is transformed into frequency-domain
data and compressed. The two parameters preferably comprise
the zero frequency magnitude of the compressed frequency-
domain data and the sum of the frequency magnitudes of the
compressed frequency-domain data. Use of these two parameters
1s particularly advantageous in that they may be used to
characterize a physical object within a patient. For éxample,
the zero frequency magnitude of the compressed frequency-
domain data is representative of the physical composition of
the physical object, e.g., its hardness, and the sum of the
frequency magnitudes of the compressed frequency-domain data
1s representative of the structure of the physical object.
Hence, the invention provides a way to obtain patient specific
parameters 1n a 1in-vivo processes. Further, these parameters
represent various physical characteristic of the object under
evaluation so that a treatment may more carefully be tailored.
Moreover, these parameters may be saved and kept as part of
the patient's history so that they may be compared to

parameters calculated after one or more treatments of the
object.

In another exemplary method, in-vivo ultrasound
image data is provided in a plurality of frames. An object 1is
ldentified within each image by moving a region of interest to
different locations in the image and evaluating object
ldentifying parameters at the different locations to determine
1f the parameters fall within an acceptable range that are
indicative of the object. The area of the object within each

of the frames is then computed based on the area of the
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locations having the parameters which fall within the
acceptable range. The areas of two adjacent frames are then
compared to determine if the difference between the two areas
exceeds a predetermined amount. If so, the area of one of the
adjacent frames is recomputed using different criteria.

For example, the range of acceptable object
identifying parameters may be varied when recomputing the area
of one of the adjacent frames. As another example, a starting
location of the region of interest may be varied when
recomputing the area of one of the adjacent frames. As still
anéther example, the size of the region of interest may be
varied when recomputing the area of one of the adjacent
frames. In the event that the difference between recomputed
area and the area of the object in the adjacent frame still
exceeds the predetermined amount, a message may be produced
indicating the discrepancy. ‘

In one specific embodiment, a method is proVided for
evaluating an object within an ultrasound image that is
constructed from time-domain data. According to the method, a
region of interest within the object is selected for
observation. At the selected region of interest, a
transformation of the time-domain data is performed to obtain
frequency-domain data. The frequency-domain data is then
compressed or filtered, and object identifying parameters are
obtained from the compressed frequency-domain data. Multiple
definition regions of interest which are subsets of the
selected region of interest are then defined. Preferably, the
definition regions of interest are proportional in shape to
the selected region of interest and are located at a distinct
locations within the selected region of interest. A
transformation of the time-domain data defining the definition
regions of interest is then performed to obtain frequency-
domain data that is representative of the definition regions
of interest. From this data, a range of acceptable object
ldentifying parameters is obtained.

Once this range has been determined, definition
regions of interest are positioned at selected locations in

the ultrasound image, and transformations of the time-domain
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data are performed to obtain frequency-domain data
representative of the definition regions of interest in the
ultrasound image. Object identifying parameters from this
frequency-domain data are then obtained. These object
identifying parameters are then evaluated to determine if they
are within the range of acceptable object identifying
parameters that was previously calculated. The selected
definition regions of interest in the ultrasound image which
have object identifying parameters which fall within the
acceptable range are then marked or flagged so that an object
boundary may be constructed around the flagged definition
regions of interest. Once the boundary is constructed, an
area of the object may easily be calculated.

In one particular aspect, the data is compressed by
evaluating only the data which has a spectral power content
below a selected fractional threshold. 1In another aspect, the
object boundary and the object are displayed (such as on a
display screen) to allow a user to indicate whether the object
boundary acceptably bounds the object. If the constructed
boundary is inaccurate or otherwise unacceptable, a new
boundary may be constructed in one of two ways. In one way,
the user may select another region of interest (e.g., by
utilizing a mouse to move the region of interest to another
location on the displayed object), and repeating steps of the
method with the new region of interest. Alternatively, the
data may be compressed or filtered in a different manner, and
then repeating the steps of the method.

Typically, the ultrasound image is defined by
multiple frames of time-domain data, and the object boundary
18 constructed in one of the frames (conveniently referred to
as a first one of the frames). Another one of the frames is
then selected and an object boundary is constructed around the
object in the second frame and an area is calculated. This
process 1s repeated for each frame having the object. Hence,
one advantage of the invention is that the area of the object
in subsequent frames may proceed with essentially no user

interaction. Once the areas have been calculated, a volume of
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the object may be computed based on the areas of the objects
in the frames and the distances between the frames.

In one aspect, the object boundary around the object
in the second and subsequent frames are constructed by placing
a definition region of interest at a center of mass of the
object as determined from the first (or a previous) frame and
repeating the steps that follow the determination of the range
of acceptable object identifying parameters.

In one particularly preferable aspect, the area of
the object in the first frame and the second frame are
compared to determine if the areas differ by more than a
predetermined amount. If so, the area of the object in the
second frame is recomputed using varied criteria. For
eXxample, the starting point of the definition region of
interest in the object of the second frame may be adjusted.
Alternatively, the size of the definition region of interest
may be changed. Further, the range of acceptable objedt
ldentifying parameters may be varied.

The invention will be better understood by reference

to the following detailed description in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of an environment of the
invention.

Fig. 2 is a depiction of an in-vivo case showing
regions of interest according to the invention.

Figs. 3A and 3B are together a flow chart of a
process according to the invention for adaptive computation of
an object signature.

Fl1g. 4 is a spectrum diagram of a region of
interest.

Fig. 5 is a graph of variation in an object range.

Fig. 6 is a depiction of an object definition
according to the invention.

Fig. 7 is a spectrum diagram of a region of interest

showing how the object identification parameters are
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representative of physical characteristics of the object

within a patient.

DESCRIPTION OF SPECIFIC EMBODIMENTS

The invention provides exemplary systems and methods
for evaluating objects within ultrasonic images. The objects
to be evaluated are preferably representative of various
physical features within the anatomy. Merely by way of
example, such features may include tissue, plaque, blood, and
the like.

The invention is particularly useful in constructing
a border around the object so that the area of the Object may
easlly be calculated. Importantly, the invention is also
useful in that it is able to model the object using parameters
which are representative of various physical characteristiecs
of the object. These parameters are obtained from in-vivo
lmage data. As one example, if the physical object 1is
constructed at least partially from plaque, the parameters
produced by the invention convey information on the nature of
the plaque, e.g. its hardness, homogeneity, and the like. 1In
this way, the parameters may be used to more appropriately
define a proscribed treatment. Further, the parameters may be
saved so that each time the patient is evaluated, the saved of
parameter values may be compared to determine changes over
time.

According to the invention, the object is
characterized by considering the in-vivo object parameters and
their variability within the ultrasonic imaging data.
Specifically, it is assumed that each object may be defined in
terms oI statistical properties (or object identifying
parameters), which are consistently different from properties
of the environment. Such properties are referred to as the
object's signature. The statistical properties are calculated
at selected locations within the image to determine if they
fall within a predetermined range of values which represents
the object. 1If within the range, the locations are marked to
indicate they are positioned within the object. A border may

then be drawn around the object and the area calculated.
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If the border is not correctly drawn, the method is
able to adjust certain criteria and then repeat the process
until convergence is obtained. Since the ultrasound data is
typically stored in multiple (possibly consecutive) frames,
the area of the object in each frame needs to be computed.
When computing the area of the object in a subsequent frame, a
comparison 1s made with the previous frame to determine if the
varlability in the area of the object is too great. If so,
the invention allows the user to adjust certain criteria, or
else automatically adjusts certain criteria to see if a better
result can be obtained. Once the area in each frame is
determined, a volume of the object may be computed.

Referring now to Fig. 1, an ultrasound system 8
according to the invention will be described. The system 8
includes a transducer 12 (which is typically disposed within
an imaging catheter as is known in the art) which is driven by
an exciter 10 to excite a region of interest (ROI) 14 with
ultrasonic energy 16. Reflections 18 of the ultrasonic energy

are observed at a receiver 20 during a frame. Signal

processing techniques in a signal processor 22 analyze those

reflections. The information extracted is used to refine the

excitation and observations about current and/or subsequent
frames and to refine the characterization of the frame as an
opbject model. Although not shown, system 8 preferably also
includes a display screen to display each frame of data, which
1s typically a cross section of the image. Various entry
devices, such as keyboards, pointing devices, mice, and the
like, are preferably provided to allow the user to interact
with the system. An exemplary processor that may be used with
the invention is included within a Galaxy medical imaging

system, commercially available from Boston Scientific

Corporation.

Fig. 2 illustrates a typical IVUS object 26 (such as
plague) in an image 28 that is produced on the display screen
of system 8 and represents a frame of data collected by
receiver 20. As described in greater detail hereinafter,
drawn onto target object 26 are two different rectangular
regions of interest (ROIs) 14, 14'. ROIs 14, 14' may be

SUBSTITUTE SHEET (RULE 26)
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placed onto object 26 using one of the entry devices of the
System as previously described. Moreover, although shown as
being rectangular, it will be appreciated that ROIs 14 and 14°
may be of any size or geometry. Further, any number of ROIs
may be employed.

A lumen 30 surround by a vessel wall 31 illustrates
how the plaque 26 fills the lumen 30. As is known in the art,
the different objects are characterized by differently
displayed visual intensities as well as the homogeneity of the
image. As described hereinafter, reflections from ROIs 14,
14' preferably exhibit a spectrum differing from that of any
surrounding objects.

Referring to Figs. 3A and 3B, a flow chart of an
exemplary inventive process is illustrated. The process
begins by selecting a reference frame which comprises the
observed reflection signal for a time sample of interest (Step
A). Preferably, the user is allowed to select the reference
frame. The selected frame is preferably the frame which best
shows object 26 (see Fig. 2). ROI 14 (see Flg. 2), which may
be essentially any size or geometry, is then positioned on the
desired object 26 (Step B). This may be accomplished, for
example, by using a mouse to outline ROI 14 on the display
screen.

A two-dimensional fast Fourier transform (FFT) is
calculated from the observed time-domain data of ROI 14 to
obtain frequency-domain data, i.e., a spectrum of the
observational data in x and y (Step C). The data is then
compressed by retaining only a percentage of the spectral
components which represent ROI 14 (Step D). Such a process 1is
1llustrated graphically in Fig. 4. As shown in the example of
F1g. 4, the spectral components between f, and f. are kept.

The value f., i.e. the amount of desired compression, 18
selected based on a percentage of the original area of the
compressed data that is desired to be maintained, e.g., 90% of
the area under the curve of Fig. 4. This value may be varied
to 1mprove the results of the method as described hereinafter.

Compression of the data may be accomplished, for

example, by using a low pass filter. However, it will be
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appreciated that various other compression schemes may be
employed. For example, the method may employ a high pass
filter, a band pass filter, a selective filter, and the like.
The compressed spectral components are then used to compute
two key object identification parameters (Step E). Referring
to Fig. 4, these two parameters are the zero frequency
magnitude AVG,, 1.e., the magnitude of the frequency at £,
(also referred to as the amplitude of zero frequency), and the
sum SA of the frequency magnitudes, i.e. the area under the
spectral amplitude density curve (also referred to as the
spectral amplitude distribution). This area is graphically
represented by the cross-hatched area under the curve of Fig.
4, As described hereinafter, these two parameters are
particularly advantageous in that they may be used to
characterize various physical characteristics of the object
within the patient.

Next, a "definition" ROI is calculated. The
definition ROI 1s a subset of the originally selected ROI and
is used to obtain a range of acceptable object identification
parameters. The definition ROI is preferably selected so
that 1s has a similar geometric shape as the original ROI but
with smaller dimensions. Merely by way of example, if the
originally selected ROI were a square, and if the number of
components from f, to f_,, were 256 and the number of
components from f, to f. were 64 (which is the square root of
256), then the dimensions of the definition ROI may be the
square root of 64, or 8 by 8 components. As described
hereinafter, the amount of compression can be varied to
enhance the results of the method, if needed. Once the
dimensions of the definition ROI are determined, the
definition ROI is then reconstructed in the time domain from
the compressed spectral data (Step F).

The definition ROI is then moved through the
originally selected region of interest to unique locations.
At each unique location (which may be as close as pixel to
pixel) a FFT is performed on the definition ROI and the two
object i1dentifying parameters are calculated in a manner

similar to the originally selected ROI. These values are then
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used to determine an acceptable range of object ldentifying
parameters (Step G), since each of the definition parameters
belong to the originally observed ROI. This range is
l1llustrated graphically in Fig. 5.

Returning to the original image, the definition ROI
1s moved to selected locations in the image and FFTs of the
time-domain data are performed to obtain frequency-domain data
for each location of the definition ROI in the original image.

From this data, the two object identification parameters are
exXtracted and evaluated to see if they fall within the range
of Fig. 5. 1If so, the locations are marked or flagged to
indicate that these locations are part of the object having
the originally selected ROI.

Once all of the locations have been evaluated, a
border of the object is "drawn" by the processor around the
flagged locations (Step H). The area of the Oobject may easily
be calculated simply by summing the areas of the flagged
locations.

The user is then presented with the results (by
displaying the image with the border on the display screen)
and asked to indicate whether the border as presented 1is
correct or otherwise acceptable (Step I). For example, a
window may be generated on the display screen to ask the user
1f the border is acceptable. A confirmation of the border is
a confirmation that the object definition is correct. If the
border is not confirmed as correct, the usér 1s given the
choice (Step J) of optimizing the ROT (Step K) or adding
another ROI (such as ROI 14') (Step L). The whole process
(Steps B through H) is repeated for each added ROI. A portion
of the process (Steps D through H) is repeated i1f the ROI is
to be optimized. To optimize the ROI, the amount of or type
of compression may be varied. Also, the range of acceptable
object identifying parameters may be changed.

The foregoing process (beginning with Step L) is
used for confirming the border of a complex object and thus
the definition of a complex object. The complex object is
defined by the combined borders of each individual object

SUBSTITUTE SHEET (RULE 26)

., cram o PO Y P a2l 1l UeSlaed At s Yt - b Ml md st AANRAL AL L AL, a
. Al Sl b an’y 'l FaA L o £ AL 1 s, . a%
e mombiyt o o alanlira s 2 0 ce rt 2 b At e o rv s aade ] »f



10

15

20

25

30

35

CA 02340247 2001-02-12

WO 00/19903 PCT/IB99/01541
12

detected for each individual definition ROI as shown in Fig.
6.

If (in Step I) the border is confirmed, the process
proceeds to the next frame, first determining if there are
more frames (Step M). If there are no more frames, the
process ends (Step N). If there are still more frames, the
process proceeds to the next frame (Step 0).

Referring to Fig. 3B, processing on subsequent
frames proceeds with positioning of a definition ROI (which is
preferably the same definition ROI previously calculated) at a
center of mass of the object (which is approximated from the
object 1in the previous frame) (Step P). A two-dimensional
fast Fourier transform (FFT) is then calculated on the time-
domain data (Step Q) in order to calculate object definition
parameters (Step R) and then identify the object definition
parameters (Step S), using the same techniques used
previously. The parameters are examined to determine if they
are within the acceptable range as previously calculated. If
8O, the location of the definition ROI is flagged as defining
an area belonging to the object. So long as there is an
unprocessed definition ROI (Step T), the process of Steps P
through S repeats for all definition ROIs. After all
definition ROIs have been considered, the borders of the final
object are determined and the area contained therein is
calculated (Step U) in a manner similar to that previously
described.

The new area value is compared with the area value
computed for the previous frame to determine whether it is
within an acceptable range (Step V). If it is, the process
proceeds to the next frame (Step M, Fig. 3A). 1If not, the
process enters an adaptive loop (Step W) repeating steps P
through U) with a change of position and size of the
definition ROIs or a change in the range of acceptable
parameters 1n order to obtain an area value within an
acceptable range.

If the two compared areas are substantially
different from each other, there is a strong likelihood that

one of the areas has been incorrectly computed. The loop of
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steps P through U provides an adaptive way to compensate for
such discrepancies. More specifically, the value of f. (see
Fig. 2) may be varied (or the data may be compressed in any
way) . Further, the starting point of the definition ROI may
be moved away from the center of mass. Still further, the
range of acceptable object identification parameters may be
varied. 1In the event that convergence is not obtained, the
system may produce a message indicating that the results did
not comply with the definition.

Fig. 4 1s a spectrum diagram of one ROI 14 from the
average frequency f, to a frequency beyond the maximum
observed frequency f,.. A value f. denotes the upper limit of
the spectrum of the compressed values. As previously
explained, the two parameters used to develop an object
definition are 1) the zero frequency magnitude AVG, i.e., the
amplitude at f,, and 2) the spectral area SA, namely, the area
bordered by the axes, the compression cutoff and the
amplitude-frequency plot 30. This plot differs with each
definition ROI, as represented by plot 30', just as the zero
frequency magnitude AVG differs between amplitude 32 and 32°'.

Fig. 5 depicts a relationship between spectral areas
SA and zero frequency magnitudes AVG, and more particularly
shows the object definition range as computed in Step G (Fig.
3A). Within an object, the parameter AVG may vary between a
minimum 34 and a maximum 36, and the parameter SA may vary
between a minimum 38 and a maximum 40 thus establishing the
allowable parameter variations 42 for the definition of the
object's signature. Parameters found within this range are
thus identifiable with the object.

Referring to Fig. 6, the object definition
algorithm, as outlined in connection with Fig. 3A and Fig. 3B,
produces an object definition 48, e.g., for plaque, which for
purposes of l1llustration consists of two objects 50 and 52. An
object border 54 combines borders 56, 58 resulting from
processing of two ROIs defining the object.

The object area is thereafter useable as a feedback
parameter for the adaptive object identification algorithm as

disclosed herein. The object identification algorithm in
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frames other than the reference frame (Step A) uses the
results of the previous frame to identify the object. If the
object area in such a frame differs more than an accepted
fraction from the previous frame, then the adaptive mechanisms
change the positions and sizes of definition ROIs until the
resultant new area is within an accepted fraction of the area
in the previous frame. If there is no solution to the
optimization process (i.e., the solution does not converge),
then a best available approximation may be chosen as the
solution, and the border area may be denoted as uncertain.

Referring now to Fig. 7, an example of a spectrum
diagram of a region of interest showing how the object
ldentification parameters relate to the physical
characteristics of the object, i.e. the object within the
patient. In this example, the ultrasound image is taken
within a vessel having a region of plaque. The AVG axis 1is
representative of the intensity of the ultrasound image. In
turn, this corresponds to the physical composition of the
actual physical image, e.g., its hardness. The f axis is
representative of the spacial structure of the ultrasound
lmage. In turn, this corresponds to the spacial structure,
e.g. homogeneity, of the physical object. By way of example,
ln region 60, the actual physical object is composed of lipid
plague. 1In region 62, the physical object is composed of
mixed plaque. In region 64, the physical object is composed
of blood, and in region 66 the physical object is composed of
strong calcified plaque that is transitioning into tissue.

Hence, by using the f, and SA values as object
ldentification parameters, the actual physical nature of the
object may be characterized. 1In this way, the methods of the
invention are patient specific and will vary from patient to
patient. Moreover, the parameters may be saved and compared
with later calculated parameters to determine if a treatment
1s effective.

The i1nvention has been explained with reference to
specific embodiments. Other embodiments will be apparent to

those of ordinary skill in the art. It is therefore not

SUBSTITUTE SHEET (RULE 26)

.. ' W v e S d P PAEVL AR - 1%ah1 ¢ TR PR P P il A e e et T S ke i R st et et T T L Ll A NV e W h Vs 5 1 00 S ] & AL 7 LA M 2 e



CA 02340247 2001-02-12

WO 00/19903 PCT/IB99/01541
15

intended that this invention be limited except as indicated by

the appended claims.
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1. A method for evaluating an object within an ultrasound image, the method
& comprsing:

obtaining in-vivo ultrasound data indicative of an object and the environment
surrounding the object, and

constructing an image from the data, wherein the image includes a depiction of
the object and the surrounding environment, charactenzed by:

10 calculating statistical properties from the data at locations within the wmage;

determining whether the statistical properties are within a certain range toat 1s
representative of the object; and

constructing a border around the object depicted in the image based at least n

part on the determination.

15 2. A method as in claim 1, wherein the data 1s time-domain data, further

comprising transforming the time-domamn data Imnto frequency-domain data and

compressing the frequency-domain data, and wherein the stadst cal properties include
parameters that comprise the zero frequency magnitude of the compressed frequency-

domain data and the sum of the frequency magnitudes of the compressed frequency-

20 domaln data.
3. A method as in claim 2, wherein the object is representative of a physical
object within a patient, and wherein the zero frequency magnitude of the compressed
frequency-domain data is representative of the physical composition of the physical
object, and the sura of the frequency magnitudes of the compressed frequency-domain
25 data is representative of the homogencity of the physical object.
4, A method as in claim 2, further comprising introducing a catheter mto a
patient an actuating an ultrasonic element to obtain the time-domain data.
. An ultrasound imaging systern comprising:
a processor,

30 a memory to store in-vivo wltrasound image data;

a display screen coupled to the processor;,

code to display an image from the data on the display screen, wherein the

image includes at least one objcct,

code to calculate with the processor statistical properties from the data at
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locations within the image and to deienmine whether the statistical properties are

within a certain range that is representanve of the object; and

code to construct an object boundary around the object.
6. A system as m claim 5, wberein the data i1s nme-domair dala, further
comprising code to transform with the processor the time-domain data into frequency-
domain data and to compress the frequency-domain data, and wherein the statistical
properties include parameters that compnse the zero fequency magnitude of the
compressed frequency-domain data and the sum of the frequency magnitudes of the
compressed frequency-domain data.
7. A systermn as in claim 6, wherein the object is representative of a physical
object within a patient, and wherein the zero frequency magnitude of the compressed
frequency-domain data is representative of the physical structure of the physical
object, and the sum of the frequency magnitudes of the compressed frequency-domain
data is representative of the homogeneity of the physical object.
8. A system as i claim 6, futher comprising a catheter having an ultrasonic

element which 1s coupled to the processor to obtain the time-domain data when the

- catheter is inserted into a patient.

30

9. A method for evalnating an object within the ultrasound image, the method
compnsing;

obtaining in-vivo ultrasound image data in a plurality of frames;

constructing mmages from at least some of the frames of data, wherein the
images include at least one object;

identifying the object within each ymage by moving a region of wmterest to
different locations n the imape and evaluaiing object identifying parameters at the
locations to determne if the parameters fall within an acceptable range of object
identifying parameters indicative of the object; and

computing the area of the object within ach of the frames based on the
locations having the parameters which fall within the acceptable range.
10. A method as in claim 9, further comprsing comparuig the areas of two
adjacent frames, recomputing the area of one of the adjacent frames using different

criterza if the difference between the two areas excceds 2 predetermined amount, and

varying the range of object identfying parameters to recompute the area of one of the

adiacent frames.

11. A method as in claim 9, further compnising varying a starting location of the
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region of interest to recompute the area of one of the adjacent frames.

{3 A method as in claim 9, further comprising varying the size of the region of
interest to recompute the area of one of the adjacent Tames.

13 A method as in claim 10, further comprising producing a message if the

W

difference berween recomputed area and the area of the object in the adjacent frame
still exceeds the predetermined amount.
14.  An ultrzsonic imaging system comprsing:
2 Processor,
a memory to store in-vivo ultrasound image data in a plurality of frames;
10 a display screen coupled to the processor,
code to display images from each frame of data on the display screen, wherein
the images include at least one object;
code to identify the object within each image by moving a region of interest to
different locations in the image and evaluating object identifying parameters at the
15 different locations to determine if the parameters fail within an acceptable range of
object identifying parameters indicative of the object;
code to compute the area of the object within each of the frames based on the
locations having the parameters which fall within the acceptable range;
code to compare the areas of two adjacent frames; and

20 code to recompute the area of onc of the adjacent frames using different

criteria if the difference between the two arcas exceeds a predetermined amount.
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