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This research presents a proposed strategy of automatic extraction and matching of interest
points on stereo aédal imagery. Given a stereo image pair, the strategy starts with applying
an interest point operator on both images, followed by suppression of local non-maxima.
Each interest point in the master image is then matched against candidate interest points in
the slave image. The matching entities are the normalized central moments of orders two
and three of inter‘fest points. A similarity measure, between the master interest point and
each slave candidate point, is estimated based on computed moments. Correct matches are
indicated by minimum value of the measure. A stereo pair of digital aerial images covering
an urban area is used for the research experimentation. They are standard aerial
photographs that are scanned with a 100 dpi scanning resolution, leading to nearly 254-um

d matching of interest points on stereo

pixel size. The experimentation is carried out on the overlap area exhibited in two 450 pixels
by 700 pixels patches of the image pair. A number of 1325 final matches are resulted at
applying the presented matching approach. By employing the image coordinates of matched
points in a relative orientation process, a global matching precision of 0.6 pixel is yielded.
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1. Introduction

Both correlation imatching and least-
squares matching tQChniques cannot be
reliably used in featureless areas of nearly
homogenous brightness or in discontinuous
areas with severe scale changes. As a result,
matching a grid of ﬁomts that is selected
blindly leads to a waste of time and many false
results as well. Therefore, a significant
preprocessing phase before image matching is
to extract eligible matching features, based on
the image texture d contrast. This is
necessary for reliable matching results. Such
features can be points, lines and shapes. They
are matched relying on the similarity of their
attributes. §
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Point features are usually referred to as
interest points. Interest points are well-defined
points or corners, found by using an interest
point operator. Many point operators have
been developed in the domains of computer
vision and pattern recognition [4, 9]. Point
operators don’t rely only on spatial
information but also apply statistics to
determine how well-defined the position of a
particular point is. Detected interest points in
stereo scenes are often matched in order to
create the shape of the imaged surface.
Automated detection and matching of interest
points play a major role in automating most
photogrammetric processes, especially
triangulation and generation of digital terrain
model [1, 2, 6].
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For the purpose of matching, detected
interest points require an object description
technique providing the characteristics that
uniquely represent their form. Object
moments of different order are combined and
adopted in this research to characterize
extracted point features. Moment invariants
are those quantities computed from object
moments and are independent to object
translation, scale and orientation. Translation
invariance is achieved by computing moments
that are normalized with respect to the object
centre of gravity. Size invariant moments are
derived from algebraic invariants. A set of
moment invariants that are independent of
rotation can be computed from the second and
third order values of the normalized central
moments.

2. Interest point operators

This section presents three interest point
operators. The first two operators are the well-
known Moravec’s operator [6] and Forstner’s
operator [7]. The third one, which has some
advantages over those two operators, is named
as the ground operator [8]. Moravec’s operator
is the first interest point operator developed. It
searches for points that have high variance
between adjacent pixels. Here, the image is
divided into 4 pixels by 4 pixels or 8 pixels
by 8 pixels windows. The minimum of the
variances in the horizontal, vertical and both
diagonal directions is calculated for each
window. Variances are determined by
summing up the differences of gray levels of
adjacent pixels along each of the four
directions, respectively. Windows with scores
exceeding a set threshold are considered
interest points. The threshold is selected
empirically to control the number of resulted
interest points. Finally, suppression of local
non-maxima is carried out to avoid clusters of
points in highly-textured area.

Forstner’s operator implements four steps
to extract distinct points and corners. It first
calculates the Robert gradients and matrix N
(see eq. 1) for each window within the image.
Recommended window sizes are 5 pixels by 5

pixels or 7 pixels by 7 pixels. The terms g,
and g, in the equation are the gradient

components in the diagonal directions.

R
LU I

Second, for each window the interest values g

N (1)

and w (weight) are calculated as follows:

4 Det N
et D 2
% (tr NY? 2)
Sh DetN- 3)
tr N

Third, windows having values of ¢ and w

exceeding certain thresholds indicate interest
points. The threshold for g ranges from 0.5 to

0.75, whereas the range of the threshold for
w. is between 0.5w,,.., and 1.5w,.,. The

magnitude of w,,.,, is the average of w values

of all window positions in the image. At last,
suppression of local non-maxima is carried
out in a spiral approach in order to obtain
fairly distributed interest points.

In applying both Moravec’s and Forstner’s
operators, the process of search and
computation is done point by point allover the
entire image, which takes considerable time.
In addition, reaching proper thresholds for
Forstner’s operator is.somewhat difficult and
time-consuming.

The ground operator, which has two
versions, has rather simple form. In its first
version, the gradient to each of the four
neighboring pixels is computed at each point.
If at least two of the absolutes of the gradients
are greater than a set threshold, the point is
marked as an interest point candidate. An
Interest value for each candidate is calculated
as the sum of the absolute differences of gray
levels between the central pixel and the eight
neighboring pixels. Again, suppression of local
non-maxima is executed such that if an
interest value within the suppression window
exceeds the value of the window center, the
center’s value is set to zero. The size of the
suppression window is selected according to
the required density of interest points.

The second version of the ground operator
resembles .  Forstner’s operators with

760 Alexandria Engineering Journal, Vol. 46, No. 5, September 2007



M. Zahran / Stereo aerial imagery

improvements in speed and accuracy [8].
Here, interest point candidates are found as in
the first version. However, the interest value
q for each candidate is calculated as in

Forstner’s operators using eq. (1 and 2), but
using only 8 adjacent points. The threshold
forw is no longer necessary and a threshold
ranging from 0.32 to 0.5 is used for gq.
Windows having g -values exceeding the set

threshold indicate interest points. Lastly,
suppression of local non-maxima is done
similar to the first version.

3. Moments for feature matching

The coefficients determined by approxima-
tion of a figure in terms of some basis
functions may be used as analytical shape
descriptors. Those coefficients may be
combined to attain inv‘?riance to position,

scale and rotation. One of the popular
methods in this regard is the moment theory-
based method that uses region-based
moments to characteriz{e the shape of an
object with a set of parameters that are

invariant to geometric chetnges.

|
The ijh order moment of a given figure S is

defined as:
_ iJ
my =22y
xeS yeS

In eq. 4, the coordinates

| |
| (4)

(x,y) are related to a

point inside or on the boundary of the figure.
The zero order moment moo gives the number
of points (or the area) of the figure. Also, mio
and mo yield the position of its centroid.

The moments can be made invariant to

position of the figure by
to the centroid leading

coefficients (central momy¢

pp=T¥ e =E) W

xeSyeS
where  x=myq /Mg
Invariance to scale is
following formulae:

translating the origin
to the following new
ents):

7)Y, (5)

and g=m01 /Moo -

given by using the
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Hij
fhos [(i+j)/2]+1 - (6)

'.—_
Hi =

Invariance to rotation is obtained by rotating

the coordinate axes by an angle 6 that is given
as [9]:

211,
Hoo — Ho2

tan 20 = (7)

In the case where the figure is a patch on a
gray-scale image, the coefficients of eq. 9]

turn  into py = Y Y (x- X (Y- I glxy),
xeS yeS
where g(x,y) is the normalized image

brightness [10].

A set of functions of second and third
order moments that are invariant to rotation
and reflection can be given as [9]:

Ip= My + Ho2- (8)
= 2 2

I, = (Mgo — Ho2)” + 4u711. 9)

Iy = (M30 + 31«‘12)2 + (Bpgy + V'os)z- (10)

Iy = (u3z0 + M) + (g + Hoz) : (11)

Iy = (30 - 31412)° (a0 + My2) [0 + o)
~3(Ug1 + Hoa)’]
+(g1— 3Hos)® (a1 + Hos)[3lHao + M1g)
~ (Mo + Ho3)’] - (12)

Is = (oo — 3ton)” [ikao+ o)~ 2+ Koo)'l

+4u (a0 + o) (a1 + TR
(13)

Is = (Bua1 — Ho3) (30 + H12) (a0 + o)
-3 (g1 + Hos)’]
+ (B - Hao) (a1 + Hoa) [3(ka0 + o)
- (Ma1 + V03)2]- (14)
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Moment invariants can be utilized to form a
multi-dimensional parameter space on which
the correspondence between features of stereo
imagery is based. Features u on ong image
and vV on the other image of a stereo pair
might be compared by the similarity measure
Dl as follows [10]:

6 If () - I§ )
Dy s Z I L Rl ’
= max(Ii () , Ik )

(15)

where If(u) = value of k™ invariant of the
feature u on the left image, and
IR(v) = value of k™ invariant of the
feature V on the right image.
Similarly, the similarity measure DM, , in

the case of using n central moments instead,
can be expressed as:

s k@) - ufw)|

, (16)
“ max(pg ) , ui @)

n

where uk(u) = value of k™ central moment of

the feature u, and uX(v) = value of k" central

moment of the feature U .

Given a feature m in the left image and its
matching candidates ni, ng, ..., Nk in the right
image, the conjugate feature will have the
minimum of similarity measure values
computed between m and each of ni, ng, ..., nk.

4. Methodology

This section presents a proposed strategy
of automatic extraction and matching of
interest points on stereo aerial imagery. Given
a stereo image pair, the strategy starts with
applying the second version of ground interest
operator on both images utilizing appropriate
threshold. The amount of resulted interest
points is reduced through suppression of local
non-maxima. Each interest point in the
master image is then matched against
candidate interest points in the slave image.
Here, all interest points located within a
specified search window in the slave image are
considered to be matching candidates. The

size of the search window can be specified
using available information regarding the
image formation process.

The matching process begins with the
computation of normalized central moments of
orders two and three for a square window with
suitable size around the master interest point
and around each matching candidate point in

_-the slave image. Having significant rotation

between the images, moment invariants are
rather calculated for the surrounding
windows. The similarity measure is computed
between the master interest point and each
slave candidate point. The minimum value of
the measure, if it passes a set threshold,
indicates the correct match. The matching
process is continued for each interest point
extracted in the master image. The entire
procedure is implemented by developing
prototype software in the MATLAB
environment.

In working with the proposed strategy,
some difficulties have occurred and solutions
are proposed. One example when more than
one point in the master image match the same
point in the slave image. Here, the couple with
the minimum dissimilarity measure can be
chosen as the correct match. Also, in the case
of having a matched pair with significant y-
parallax compared with the parallaxes of
neighboring matched pairs, it has to be
discarded. Moreover, some matches might
result with almost similar value of
dissimilarity measure. At this point, instead of
choosing the match with the minimum
measure value, it is suggested to reject those
matches. Such concerns are actually
considered during the implementation stage.

The global quality of matching process is
assessed through an analytical relative
orientation process utilizing matched pairs of
interest points. The resulted precision of
estimated parameters is taken as a measure
for the matching quality. In the process of
relative orientation, the relative angular
attitude and positional displacement between
the images are determined at the time of
exposure. Here, the rotation angles @1, @1, K1
and the perspective center coordinates Xu and
Yu regarding the left image are set equal to
zero values. Also, the flying height Zi of the
left image and the perspective center Xio of the
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right image are set equal to the focal length (f),
and the photo bas (b), respectively.
Consequently, the remaining five parameters
of the right image are the unknowns to be
resolved.

5. Experimentation and results

A test pair of digital aerial images covering
an urban area is used for the research
experimentation (see figs. 1 and 2). They are
standard aerial photographs that are scanned
with a 100 dot per inch (dpi) scanning
resolution, leading to nearly 254-pm-pixel size
[11]. The camera used in acquiring the images
has a focal length of 153.380 mm. The flying
height is nearly 830 above datum. The
experimentation is carried out on the overlap
area exhibited in the two 450 pixels by 700
pixels patches shown in fig. 3. The two
patches are cut out from the original test
images such that there are shifts of few pixels
in the coordinates of corresponding feature
points.

The proposed strategy that is presented in
section 4 is applied on the two test patches.
First, the ground interest operator, described
in section 2, is applied on both image patches
such that a threshold of 40 is specified for
marking a point as an interest point
candidate. Accordingly, numbers of 46695 and
43230 point candidates are obtained in the
left and right patches, respectively. The
resulted patches including those candidates
are displayed in fig. 4. After suppression of
local non-maxima using 3 pixels by 3 pixels
window, the numbers of detected interest
points turn into 10761 in the left patch and
9681 in the right patch (see fig. 5).

In order to find matches for an interest point
in the left patch, all interest points located
within a 25-pixels by 25-pixels window in the
right patch are considered to be matching
candidates. The size of the window is chosen
depending on the elevation range of the
photographed area. Normalized central
moments of orders two and three are
estimated for 11-pixels by 11-pixels windows
around the master interest point and each of
its matching candidate| points in the slave
image. Consequently, the moment similarity
measure, given by eq. (16), is computed

M. Zahran / Stereo aerial imagery

between the master point and each candidate
point. If the minimum of computed measure
values passes a threshold of 3, it points to a
match. Matching is executed for each interest
point detected in the left patch. A number of
1325 matches are resulted by the end of the
matching process. Table 1 list the number of
detected interest points in the two test patches
resulted by applying the three phases of the
proposed strategy.

Fig. 2. The right image of the test pair.

|
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Fig. 3. The left and right image patches of the test pair.
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Fig. 4. All interest points detected in the two image patches.
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Fig. 5. Interest points detected in the two patches after suppression.

For each of the two image patches, an
affine transformation is performed using the
calibrated coordinates of fiducial marks, as
well as their measured pixel coordinates,
through a least-squares procedure. The
resulted transformation parameters are
employed to convert from the pixel coordinate
system to the related image coordinate
system, centered at the image principal point.
Accordingly, pixel coordinates of matched
points in both the left and the right patches,
found by applying the proposed matching
technique, are converted into equivalent image
coordinates. 1

The converted coot’dinates of matched

This indicates a global matching precision that
is better than the resolution of used imagery.
table 3 lists the estimated relative orientation
parameters by the proposed strategy as well
as corresponding estimates resulted by
correlation and least-squares matching
techniques. The estimates resulted by those
two techniques are obtained from an earlier
work [12]. It was based on matching a set of
fifteen distinct image points employing a finer
resolution (600 dpi) version of the test images.

Table 1
Number of detected points in the two test patches in
each phase

points ir} the two pa‘xtch‘ s are utilized to solve Stcatiyilinn Left patch  Right patch
for relative orientation parameters of the test
image pair, as explained in section 4. The Interest point 46695 43230
resulted standard errors of estimated getecmn,
orientation parameters are shown in table 2. sg;l;;?;:ﬁf:a 10761 9681
The related estimate of standard error of unit Interest point
weight precision is 0.150 mm, which is matching 1465 1995
equivalent to a fraction of a pixel (0.6 pixel).

Table 2

Standard errors of estimated relative orientation parameters

Parameter Da do dk dby dbz

Std. Error 0.0477 0.0688 0.0202 0.1373 0.0746

Units! dw, do, dx are in degrees; and dby, dbz are in mm.
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Table 3

Estimated relative orientation parameters by the proposed strategy versus correlation and

least-squares matching techniques

Parameter dew de dr dby dbz

Correlation matching 0.8903 0.0260 0.4951 -1.9333 0.0100
Least-squares matching 0.8889 0.0108 0.4975 -1.9274 0.0403
Proposed strategy 0.9137 0.0187 0.3708 -2.2811 0.0605

Units: dw, do, dx are in degrees; and dby, dbz are in mm.

7. Conclusions

A proposed approach of automatic
extraction and matching of interest points is
presented and tested using stereo pair of
scanned aerial imagery. The approach does
not need any manual interaction except in
specifying the thresholds. The firstly required
threshold is associated with applying the
interest operator to mark candidate interest
points. It has to be set carefully in order to
avoid crowdedness of interest points. The
secondly needed threshold is to set a
minimum value of similarity measure to
indicate a match. Multiple matches as well as
obviously erroneous matches are handled
instantaneously by the proposed approach.
The approach has yielded a good global
matching precision that reaches a fraction ofa
pixel.
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