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Abstract

The problem considered is the extraction of
features from a complicated set of images. In
this approach the basic concepts used in the fea-
ture extraction process are: 1) an algorithm that
enumerates regions, a region being a contiguous
set of points whose grey shade varies little; 2)

a search for large objects in the picture first
and then their details; 3) a description of the
type of picture class which guides the feature
extraction; 4) "a field of vision" concept: given
an area of the picture and description of the ob-
jects that comprise this part of the picture,
classify all the points in each of the objects.

A graphical description is used to convey these
concepts. The program is applied to anteroposte-
rior chest x-rays but applies equally to other
picture classes.

Introduction

Many potential application areas exist for im-
age processing systems. These application areas
include character recognition, fingerprint recog-
nition, aerial reconnaissance photographs, bubble
chamber pictures, automatic visual inspection, ro-
bot vision, vision for machine tool applications,
pathology slides, medical x-rays, and nuclear med-
icine images. The number of possible application
areas, then, is large while the number of present
applications is small. However, image analysis
techniques have, to some degree, been successftul
in character recognition, chromosome analysis,
bubble chamber pictures, and in some medical ap-
plications,

The successes to date in developing image
analysis systems have been modest. The major pro-
blem is the lack of a paradigm to guide one in de-
veloping a system of this kind. Invariably an in-
vestigator is faced with the problem that an anal-
¥s1s scheme which solves one problem provides only
little insight into the solution of another one.
Th15 statement does not imply that an experienced
investigator does not have a useful subjective in-
tuition toward image analysis problems, but, rath-
er, that he has no general principles to use as a
guide in solving these problems.

_In order to discuss image processing systems
it is useful to consider the structure given in
Figure 1. This figure should be self-explanatory;
howevgr, some comments on items not indicated in
the figure are appropriate. At the University of
Missouri-Columbia our images are scanned with an
image dissector camera under control of an SEL
840A computer. The later processing is performed
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on an IBM 360/50 computer.

In stage 1, the images are digitized by an im-
age dissector camera. This camera records the
transmittance of light which passes through the x-
ray. Since the human eye views the 1ight intensi-
ties as the logarithm of the transmittance, we use
a log amplifier to calculate the logarithm of- this
transmittance. These values are stored on tape as
the picture points. Thus, the images stored in
the computer are similar to the human visual per-
ception of these images.

In the preprocessing stage, stage 2, one can
usually devise methods, such as filter routines
and other preprocessing routines, that are ade-
quate, but not optimal, for the later stages of
processing. In some of our studies on chest x-
rays we have found that we need no preprocessing.
In some of the studies in nuclear medicine a sim-
ple averaging technique suffices, which reduces
the data to a resolution of 32 x 32 approximating
the resolutions of the input camera.

The difficult stages in the processing are
stage 3, feature extraction, and stage 4, pattern
recognition. The pattern recognition phase can
usually be done if one has an adequate feature ex-
traction stage. Therefore, we believe that the
crux of any image analysis system is the feature
extraction stage which is the primary concern of
this paper.

Feature Extraction

To repeat: we are interested in developing a
generalized feature extraction method that will ap-
ply to a large number of difficult picture classes.
Specifically, we will consider a standard chest x-
ray--AP view although the method applies to other
picture classes equally well. Time and space 1lim-
itations, however, prevent discussion of the lat-
ter examples. Figure 2 shows such an image, one
of a complicated class of pictures., It is charac-
terized by intersecting and overlapping objects.
The objects, such as the heart and lungs, can be
of varying sizes and shapes. A high degree of res-
olution may be needed to detect some of the abnor-
malities that might occur, such as rib notching,
small nodules, and shadows, which are of signifi-
cance in detecting heart abnormalities. The ques-
tion then becomes the following: is there any gen-
eral approach that one can apply to a complicated
set of images such as this? In an attempt to an-
swer it, we have been developing a method for fea-
ture extraction, whose description follows.

A fundamental concept behind this method is
that one must first consider the large chjects in
an image and, once these abjects have been suffi-
ciently recognized, proceed in the analysis of
their details. For exampie, one first locates a




large object (i.e., lung), then searches further
for smaller objects within the lung (i.e., ribs
and vascular or bronchial branches). Another con-
cept is that one must have a description, within
the program, of the class of input images before
one can successfully analyze that class of pic-
tures. Most programs that presently process im-
ages for recognition purposes as contrasted with
filtering programs, have an implicit description
of the class of images to be analyzed contained
within the program. The description is often
spread throughout the program and not isolated and
designated as a description of the images.

We believe that recognizing first the large ob-
jects, then their details has several advantages.
First, one should have a much greater possibility
of locating the large objects reliably. For exam-
ple, in Figure 2, if one were to first begin
searching for the ribs, one would most likely en-
counter severe problems, caused by the intersect-
ing lines. These problems would be compounded if
the lungs had increased vascularity, because some
of the ribs would blend into the vascularity.

What we are really saying is this: we believe
that it is not feasible to analyze this type of
picture by using local algorithms which perform
calculations on only a small area of the picture
(such as line identification or contour trace pro-
grams) because any rule that will allow faint ob-
jects (such as the rib outlines) to be present
will also allow a vast array of other lines to
come through the process. Moreover, it is proba-
bly not possible to develop clever enough local
logic to sort the ribs out of a picture of this
type. In other words, it is difficult to develop
logic to recognize a small object in an image with-
out first recognizing the region which encompasses
it. However, if one proceeds with a search for
large, then smaller objects, one has a chance to
identify the finer details of the large object.

In Figure 2 one might first look for the large ob-
jects such as the lungs and heart which one has a
good chance to find, probably at a coarse reselu-
tion which should speed processing time. Once the
large objects are located, one can repeat the pro-
cess if one is interested in details of the object,
but confine the search to the area of the object,
i.e., the lung, and discard the rest of the pic-
ture data. One could of course examine its de-
tails at a higher resolution than the one which
searched for the object, because the area of
search is much restricted.

As we have previously stated, if one is to ana-
lyze pictures, one must have some description of
the pictures in the program. Since we want a pro-
gram that applies to different classes of pictures,
we have to have a way of describing many different
classes of pictures to it. e will have more to
say about this later.

Before we proceed with the details of our meth-
od, however, we might mention the following prob-
lem. Any feature extraction algorithm will have
input parameters, and yet the correct parameter
settings for identifying objects will vary because
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of uncontrollable factors such as lighting or poor
adjustment in the photographic process. This
means that no one setting of the parameters will
suffice. Therefore, one must build into any use-
ful program the automatic adjustment of all the
parameters.

To summarize: we believe that one needs fea-
ture extraction algorithms which embody the follow-
ing concepts: a) Proceed with a search from
large to small objects. That is, the search is
vertical. b) Utilize a structural description of
the pictures to guide the search for objects. c)
Automatically adjust all parameters. The follow-
ing are details of a system that has these prop-
erties.

One idea that we have decided to use is that
of a 'field of vision'. By this we mean that a
picture is composed of objects (large) that com-
pletely fill the space in the picture., These i-
tems fit together in jig-saw fashion and comprise
the gross objects in the image. For example, in a
chest x-ray one might divide the chest into five
gross objects (Figure 3): a) heart; b) right Tung;
c) left lung; d) right arm; and e) left arm. Ve
believe that this concept will aid in the problem
of automatically adjusting parameters. For exam-
ple, if one is attempting to identify the points
located in an object, such as the left lung, the
question is how one decides automatically where
this object terminates.

One solution is to find that part of each ba-
sic region (e.g., lung or heart) where the grey
level remains constant within that given area, but
leave the boundary points unclassified since the
relationship between its grey level and the re-
gion's grey level is high in variance. Llater
after the average grey level of each region has
been adjusted because of the addition of new
points (as not all region points are classified
the first time), boundary points are placed in
that region which matches their grey level best.
Since each object has a definite boundary in which
all of its visible points are contained, we can
say that one object terminates where another one
begins. Visible points are those points which are
not hidden behind an overlapping object, i.e., the
overlapping object conceals what is behind it.

For example, the Teft lung is surrounded by the
heart on the right and left arm on the left. Part
of the Teft lung is hidden by the heart. e iden-
tify the left Tung as that region bounded on the
right by the heart and on the left by the left arm.
Thus, we can say that one object terminates where
another object begins.

As we have stated before, we need a way to de-
scribe the class of pictures that we are consider-
ing. In addition, we want to proceed in the anal-
ysis by means of a vertical search. We have de-
cided to use a graphical method in this descrip-
tion. So that the same program might apply to dif-
ferent picture classes, the graphical descriptions
will be read in as data. If one uses a tree struc-
ture, then one gets a natural ordering of the pic-



ture from gross objects to their details. For ex-
ample, consider Figure 3, which is a schematic
drawing of the chest, and Figure 4, which gives a
vertical ordering for the objects in the chest.

1t should be noted that the vertical ordering may
correspond to natural objects, the anatomy, but '
the real criterion is a system that is computation-
ally natural. Therefore, we see that the graphi-
cal description implies the vertical ordering. Ve
will now describe the manner in which we use the
concept of a 'field of vision' and a graphical de-
scription of the class of pictures to guide in the
extraction of the features at a particular level

in the tree. For concreteness we shall refer to
the class of chest Xx-rays and the ordering given
in Figure 4. e will consider the level contain-
ing the lungs, arms, etc.

Restated, the problem is: Given an area of a
picture and a description of the objects that com-
prise this part of the picture, find a way to i-
dentify each object by finding all its points.

Our method is as follows. Each node on the graph
represents an object in the picture. Attached to
each node is a 1ist of attributes for that object.
The 1ist of attributes describes the object identi-
fied with the node. This description might in-
clude facts as: a) the average grey level or av-
erage local histograms; b) average number of points;
and ¢c) shape descriptors such as higher order mo-
ments.

Consider the node which contains the attri-
butes for the left lung. The two items on this
1ist are the expected average grey level and ex-
pected average number of points. Both attributes
are calculated prior to the running of the algo-
rithm, and the calculation is based on the resolu-
tion of the picture. For example, the larger the
resolution, the more points in each region and the
more accurate the average grey level, 0f course,
the attribute 1ist is altered throughout the algo-
~ithm., For example, the grey level of this Tung
might be set at 40, but after the first pass the
average might be calculated to be 38. A constant
update on the average grey level and number of
points found is kept.

If one is to identify the points in an object,
one needs a method for examining the picture data
points for this purpose. We use a method that e-
numerates the points in a region by starting with
one initial point SOR (start of region point) and
then examines the neighboring points to see if
they share a common property P. In our algorithm
the property P is defined as similar grey level.
1f the neighboring point has the property P, then
it is placed in the region with SOR. The process
is then repeated until all the contiguous points
starting from SOR which have the property P are
placed in the region. In our present program,
whether or not a point has the property P is de~
termined by an edge detector. The value of the
average grey level, called INT, of the region is
recomputed every time a new point has been added
to this region. As a new point x = pI1c(1,d) is
considered as a candidate for the region, a local
histogram is computed about x and then a number
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VAR is computed which is a measure of the devia-
tion of the histogram from INT. If the absolute
value of VAR is less than DELTA, then x has the
property P. DELTA is an input parameter to the
program that enumerates the region points and the
property P holds if point x is not on a transition
boundary of the object. We call programs of this
type REGIONEN programs. It should be noted that
the larger DELTA is, the more points will be in-
cluded in the region. Thus a problem is how to ad-
just DELTA to get the exact points that lie in the
region. It should be noted that we need the exact
boundaries of objects because, in order to deter-
mine medical diagnosis, we must not only decide
where the heart, for example, lies, but also deter-
mine its exact size and shape. In order to make
these adjustments of DELTA, we associate a param-
eter list with each node of the graph. This param-
eter list contains the following items:

1. NIl - Minimum value allowed for I in searching
for the SOR point in the cearch for an object iden-
tified with node.

2. NI2 - Maximum value allowed for I in searching
for the SOR point in the seapch for an object iden-
tified with node.

3. NJ1 - Minimum value allowed for J in searching
for the SOR point in the cearch for an object iden-
tified with node.

4. NJ2 - Maximum value allowed for J in searching
for the SOR point in the search for an object iden-
tified with node.

5. DELTA1 - The first setting of DELTA.

6. DELTA2 - A parameter used to speed the search
for SOR.

7. CHDELTA - The amount by which DELTA is incre-
mented.

8. KMAX - The maximum allowed incrementation of
DELTA.

9. FC - A counter giving the present level for
DELTA.

10. LOOKD - Governs the rate of spread of a re-
gion linked to node.

As an example of a parameter list, let us use
the node associated with the heart. In order to
£ind the heart one has to know where to look for it.
The first four items in the parameter 1ist describe
the rectangular area of the chest x-ray where the
cearch for the heart is to begin. Of course, the
heart is not confined to this rectangle; it is just
a starting place and the search for more heart
points expands past these bounds. The first point
placed in the heart region is critical. Since the
grey level is not constant over the whole object,

a higher or lower average grey level can result if
the wrong start point is chosen. For example, the
heart has grey level of 2 or 3 near the diaphragm
and 14 or 15 in the mediastinum (upper portion of



heart). If the start point has grey level of 14,
then probably that portion near the diaphragm
would not be accepted as part of heart region.
DELTAZ controls the acceptance of a point as being
the start point. DELTAl holds the first value for
DELTA. DELTA controls the acceptance of a point
as a member of that region. For example, let
DELTA be 3 and average intensity of the heart re-
tion be 5. If a point under consideration has a
grey level of 6, then the variance of the average
grey level and point would be 1 and thus, the
point would be accepted since the variance is less

than DELTA. CHDELTA is a fixed amount used to in-
crement DELTA. DELTA is incremented so that more
points may be accepted into the region. The rea-
sons for accepting more points are two. First, in

the initial linkage a link hetween node and region
could be rejected because of too few points found.
Second, our goal is to classify each point as mem-
ber of a region. During the initial Tinking of a
region with node, KMAX is the maximum number of
times DELTA may be incremented. The purpose of
KMAX is to provide an exit in case the object with
the given attributes can not be found. Finally,
LOOKD 1is used in the structure tests, It is the
maximum distance in some direction one Tooks to
find a particular grey level.

In addition to the attributes and parameters
associated with each node of the graph, we also
have structure tests. These are in the form of
propositional calculus statements and give informa-
tion as to the structure of the class of pictures.
These tests would give information such as a) the
right Tung is to the right of the heart or b) the
right arm is to the right of the right lung. This
completes the information associated with the
graph which describes the class of pictures being
studied. For a different class of pictures the
graph would change. The graph should be consid-
ered as data for a picture analysis supervision.
We will now describe the present operation of the
picture supervisor.

The feature extraction program is divided into
three stages of operation. The first stage is giv-
en the task of making an initial Tinkage of the ob-
jects in the picture with the graph nodes. It
does this in the following manner. The nodes on a
given level have consecutive node numbers associ-
ated with them, NODENT holding the low node number
and NODEN2 the highest. Each of these nodes is in-
terrogated in turn beginning with NODEN1. Node is
the current node under consideration. The param-
eters of NODE are given to a REGIONEN program.
These parameters include an initial DELTA and an
area of search for the object. All of the regions
within the area are enumerated. The attributes
(for example, number of points and average grey
level) of each of these regions are tested against
the attributes of NODE. The region, called REGION,
whose attributes best match those of NODE is tenta-
tively linked to NODE. The match is tested to see
if it is close. It is possible to have a best
match and still reject it because the number of
points in the region is too small or grey level is
not close enough. If the match is not close, the
link is removed and FC is either increased or de-
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creased, which effectively increases or decreases
DELTA, depending upon how the number of points
found in REGION compares with that expected for
NODE. Another attempt will then be made to link a
region with NODE. It should be noted that at this
stage we are seeking only the coarsest Tinks. For
example, we are trying to merely distinguish the
lung from the heart, not get the exact boundaries.
Each node from MODENT to NODEN2 is considered, un-
til a tentative link is made to some region in the
input picture. DELTAT will normally be set so
that one is 1ikely to make a link from REGION to
NODE where REGION has fewer points than actually
should be in the region within the picture which
accurately reflects the object associated with
NODE. MWe do this because we intend to have the ob-
jects grow toward each other to get the accurate
boundaries between the objects. It might also be
noted that in the first stage of processing a
check is made to determine if any of the linked re-
gions intersect. If they do, then the Tinks are
removed and the parameter FC for each affected
node is decreased.

Stage 2 of the processing consists of increas-
ing FC in steps of 1 until KMAX for the node is a-
chieved or until the REGION linked to NODE inter-
sects some other region. When either of these e-
vents occurs, NODE is placed on an inactive Tist.
When every node is inactive, then stage 2 is com-
pleted. Stage 2 therefore consists of expanding
as much as possible the regions initially linked
to the nodes. Upon completion of stage 2, each
REGION will be enlarged; however, they will not,
in general, fill the entire area under considera-
tion, which is one of the criteria that we have es-
tablished. A third stage of processing completes
the algorithm.

In stage 3 each point in the area of interest,
say X, is examined. The node regions that are vis-
ible from this point are determined. A node re-
gion NODE is visible from x if no other region is
between x and the NODE region. The point x is
placed in one of the visible regions whose grey
level attribute most closely matches that of x.

In the present algorithm we use the same program
that we already used to verify the property P in
the original enumeration of the regions. Namely,
we compute the variance of x for each region using
a local histogram about x and the average intensi-
ty of each region. The region whose variance is
the smallest is selected as a candidate region
that point x might be placed in, called NODE for
reference. At this point the structure test for
NODE must also be passed before x is placed in the
region NODE.

To summarize: all the neighboring regions of
point x are examined. Out of these regions the
one that most closely matches the grey level prop-
erties of X is selected. If the structure tests
are passed, x is placed in the region. In our ex-
ample of chest x-ray pictures, the structure tests
for the left arm region, for example, would re-
quire that the Teft lung Tie always to the left of
the left arm. If point x is considered and NODE
is the left arm node, then x must be to the right
of the left lung or this test fails and x is not



placed in the Teft arm region. The structure
tests are easy to write and are very valuable. In
our example pictures, the grey shades of the ieft
lung will tend to be typically about 45 and those
of the heart about 10, while those of the left arm
will be around 30. If one did not have structure
tests of the sort we described, the right arm re-
gions would tend to wrap around the lung into the
heart and mediastinum. The structure test effec-
tively prevents this. Stage 3 is repeated until
every point in the area of interest is placed in
one of the regions.

Some examples of this program are given in Fig-
ures 5, 6. MWe believe that they demonstrate the
feasibility of the program as a method for identi-
fying the objects in a complicated class of pic-
tures. However, at this stage of development the
program is by no means perfect. An analysis of
Figure 6 shows that the heart is fairly well out-
Tined. One problem is that the region including
the left arm protrudes too far into the left lung.
This problem, we believe, is caused by the fact
that in Stage 3 of the processing, the local prop-
erties of a point x are compared against the aver-
age intensities of the neighboring regions before
X is placed in one of these regions. The left
Tung region is characterized by grey levels in the
upper lobe that are around 50 and decrease to a-
round 20 at the tip of the lower lobe. The grey
levels along the lower lobe will therefore look
more 1ike those of the left arm region. A better
method would probably be not to use the average
grey level for the selection of the region to put
X into, but, rather, consider the characteristics
in the lower Tobe for the classification in this
area. MNote that in the upper lobe we have a good
boundary for the Teft lung.

Conclusion

We have presented a concept that, we believe,
will form a basis for identifying objects in com-
plex images. The concept is that the search for
objects should be a top-down or vertical search.
First, one must find large objects, then their de-
tails. The search should be guided by a structur-
al description of the class of pictures. In addi-
tion, we believe that the concept of a 'field of
vision' is an aid in object identification. That
is, an entire area of the picture is completely
filled by objects that must be identified. An ex-
ample of a working program that embodies these con-
cepts is discussed. The program demonstrates fea-
sibility and is a good vehicle for continuing re-
search in image analysis problems.
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