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Abstract—This article presents an integral index for informativity estimation of geophysical field template.
Informativity estimation algorithm and software for its realization are developed. The experiments on a
series of pictures of different regions (field, forest, city, etc.) confirmed the effectiveness and accuracy of

the given algorithm.
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I. INTRODUCTION

The correlation-extreme navigation system
(CENS) principle of operation is based on a com-
parison of the Earth's surface image or set of topo-
graphic features (the current image) with the refer-
ence one, which is got in advance. Position mismatch
of these images in the adopted coordinate system
allows forming a command to retain control object on
a predetermined path.

The current image is formed during the movement
of controlled object, while reference is made in ad-
vance and introduced in control system as a route job
(during navigation) or combination of target features,
or transmitted to the aircraft during flight.

Correlation-extreme  navigation  system  is
perspective line of research, because it can be an
alternative to the satellite system for INS (Inertial
Navigation System) correction, but its accuracy
significantly depends on the accuracy of cartographic
information. The cartographic data requires to be
pre-processed in order to increase the efficiency of
CENS operation. Although it is necessary to estimate
template informativity, to provide data in a compact
form and improve accuracy and performance of
CENS [1].

There are many methods and algorithms for in-
formativity estimation of mapping information, but
their accuracy is not sufficient. Therefore, it is ad-
visable to use several parameters for more accurate
and effective estimation.

II. PROBLEM STATEMENT

A. Detection of image informative areas

To compare the images by the correlation analysis
method or to compare their specific features it is
necessary to solve the problem of objects selection on
the front plan in permanently unmoved ground. In
case of using this principle aboard Unmanned Aerial

Vehicle (UAV) the constant changing of objects and
background takes place, so the detection of
informative areas of image is needed. Consideration
of small quantity of informative areas at the detection
and recognition of objects decreases the requirements
to computational costs of CENS realization aboard
UAV. At the same time, during the process of
elimination of non-informative areas, the areas
containing objects may be not considered. So, the
problem of detection methods application to find
informativity of image areas and to select more
informative areas for further consideration is present.
Respectively [2] such problem is not solved
nowadays at full degree.

The mathematical problem statement consists of
the following. Let it be necessary to find the
correspondence of some point (x,, Vo) of current
image with reference one. Let's designate f(x, y) as
initial reference image. Consider a fragment of the
image with center at (xy, )o) and the size
(2N+1)-(2N+1) pixels. We introduce the function of
the information content of the fragment / (xo, yo, V).

It is necessary to determine:

1) whether a given fragment informative;

2) if the fragment is not informative, if is possible
to change its size so that it becomes informative.

To answer these questions, a simple criterion can
be used based on a comparison of information
content function / with a numerical threshold 7. If
I1<T, then the fragment is considered
non-informative. In this case, the fragment size is
increased by a some constant »n until either not
executed until the opposite condition, or fragment
size reaches a maximum value Nyy.

B. Representation of image specific features

Image specific features can include feature points,
lines (contours) and areas. The variety of methods are
used to detect features and to compound descriptors
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which are unique for definite feature. The structure of
descriptors may differ, however the basic principle
used here can be easily expand for another method
used to describe the image features. For further con-
sideration, SURF descriptors are used [3].

The SURF detector is based on the determinant of
the Hessian matrix:

L. (x,y,0) L,(x,0)

H -
(9= (yo) L, xyo)f

(1)

where L_(x,y,o0) is convolution of the second order
. .o . .
partial of Gaussian P g(o) from the image in the
x

point (x, y). The same is for L (x,y,0) and

L, (x,y,0).

The descriptor is calculated as the gradients for
4x4 = 16 quadrants around the feature point. Then
each quadrant is divided further by 16 smaller
quadrants. Four components on each quadrant must
be computed that gives totally the 64 components of
descriptor of area around the feature point.

(o N) = e 373
o (x,,Vy),N)=—
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where (x, )o) is the point of the image, for which the
informativity is defined; NV is the selected size of (xo,
Vo) neighborhood [2].

Signal-to-noise ratio (SNR). Using signal-to-noise
ratio for determination of image area informativeness
is suggested, more homogeneous area is, there will be
less deviations of signal and, correspondently, less
deviations of noise.

Signal-to-noise ratio is defined as following:

cys('xO’yO’]v)

SNR(x,,y,,N) = ,
’ ’ cyn('xO’yO’]v)

)

where oy is the signal standard deviation; o, is the
noise standard deviation on the fragment.

Correlation radius of signal. Correlation radius of
signal determines the distance, where the readings of
signal could be considered as statistically
independent. More homogeneous the image area is,
the greater radius of correlation will be.

The considered approaches have the essential
disadvantage: it is necessary to change iteratively
(increase) the sizes of analyzed window for every
point of image.

Thus, it is necessary to define image fragment size
with optimal informativity.

> Z(f(x+x0,y+yo))2—£;i if(x+xo,y+y0)

The descriptor of feature point by SURF contains
enough information to match the reference image and
current one, but for reliable positioning some fields to
the descriptor must be added and investigated.

C. Analyses of existing methods of cartographic data
preparation

General requirements to unified template for
CENS are formulated in [4], without any proposed
structure and used methods of data processing. More
detailed description of procedure of template data
preparation and processing is given in [5]. The
proposed presentation is based on technology of
computer vision where the template is given as a
scene. However, such representation has a significant
drawback, namely the procedure of its formation
cannot be fully formalized. And therefore it has no
posibility to be fully automatized.

There are several methods of informativity
determination.

Calculation  of  signal  variance.  More
homogeneous the brightness signal is, the more area
is informative.

: 2
(2N+ 1) x=—N y=—N

III. PROPOSED TECHNIQUE TO PREPARE GEO-
PHYSICAL FIELD TEMPLATE

Image distinctive features also can be used for
informativity determination. Table I shows the main
types of distinctive features, its properties and quality

[2].

TABLE I

IMAGE DISTINCTIVE FEATURES QUALITY

Distinctive Quality

features properties | High Medium | Low
Presence (density) Points Lines Regions
Rarity (uniqueness) Regions | Lines Points
Invariance Points Lines Regions
Resistance to noise Regions | Lines Points
Localization Points Lines Regions
Speed Points Lines Regions
g;i%?tmuities Points Lines Regions
Enclosing impact Regions | Lines Points

Figure 1 illustrates different distinctive features
determination using BLOB (Binary Large OBjects)
analysis, Hough transform and SURF (Speed-Up
Robust Features) detector.
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a b

Fig. 1. Features descriptors (a) Blob analysis; (b) Hough transform; (c¢) SURF detector

Among computationally simple indexes of
non-homogeneity (uniqueness or, correspondently,
informativity) of reference fragment is variance of
image intensity, signal-to-noise ratio, correlation
radius, etc [2], mentioned above.

Such indexes are used for correlation approach to
compare current and reference images. But many
researchers, especially [5], define separately
correlation-extreme methods of images comparison
and methods of comparison of images characteristic
features.

In such way, for estimation of fragment
informativity the integral index H is proposed to use:

4)

2 .
where 6°, SP, SNR, K are variance, number of SURF
points per image area, signal-to-noise ratio and
covariance indexes; W, , Wg,, Wey » Wxare weight

H=w, 07 + WgpSP + W SNR —w, K,

coefficients.

DM
K=cov(D.D)=M[D"-D]|=—

2
m

D, (1)

The greater the difference between descriptors is,
the smaller the value of covariance (5) will be. It is
also necessary to mention that descriptor matrix is
already normalized due to peculiarities of SURF
method.

III. EXPERIMENTAL RESEARCHES OF IMAGE
FRAGMENTS INFORMATIVITY

To research the proposed technique of informativity
estimation and reliability of image matching three
images (field, forest and city) were taken.

In Figure 2a initial image is shown, there are
mainly textural features. For image optimal size
determination we calculate integral indexes for
fragments I1, 12, 13, 14, 15, 16, which are illustrated in
Fig. 2b. In Figure 2c it is well illustraded, that up to
fragment 15 informativity increases and then begin
decreasing. Therefore, maximal informativity
(3536,241) for this image corresponds to fragment
600x450 pixels (I5) and this is its optimal size.

Research was done on the examples of different
regions images (field, forest and city). If the image is
represented as a structure by descriptive features of
special points type, found by SURF method, then
instead of informative feature — image intensity, that is
used in formula (2), the descriptors of point, which are
represented in the mentioned above form, will be used.

On intuitive level it is clear, that high quantity of
feature points, found in fragment, corresponds to
better informativity, and correspondingly their
uniqueness and distinctness one from another will
provide higher reliability of comparison. Let’s
estimate the uniqueness through covariance of
correspondent pairs of feature points on the
fragment. Since the descriptors of points are centered
and not displaced with final second moment, then the
expression of covariance of pairs of random
descriptors would be:

D(m) ] [ D/ D{(m)
: 4 : . (5)
D, (m) Dg, () D¢, (m)

In graph (Fig. 3b) it is well illustraded, that with
fragment increasing, informativity increases to.
Therefore, to find adequate informativity for field, we
must increase image size till infinity, and stop when it
will has enough informativity. So, field region has
low informativity.

In Figure 4a it is shown areas with different
informativity: sky — low, forest — medium and city —
high one, therefore, with fragment increasing the
parameters heterogeneity is observed. Particularly it
can be seen that the peak is on the fragment
2 (250%250), the informativity is the highest one
because this region includes different pieces, piece of
sky, forest, and city, such fragment really has a high
informativitty and it easy to recognize among other
ones. At the same time fragment I3 losses its
uniqueness because the horizon line takes lower area
then in 12, city has high informativity, but other
parameters (variance) nullify this. From this we can
conclude that our method is relevant because the
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fragment 12 from the viewpoint of an operator really
have the higher informativity.

Table 2 shows calculated integral indexes for

different regions.

1 15 2 25 3 35 4 45 5 55 6
number:of fragment

C

Fig. 2. Results of forest image processing (a) initial photo, taken from UAYV board; ( b) image of forest converted into
grayscale, divided on several fragments and processed by SURF descriptor; (c) graph of integral index H value with
respect to fragment size
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Fig. 3. Results of field image processing (a) initial photo, taken from UAV board; (b) image of field converted into
grayscale, divided on several fragments and processed by SURF descriptor; (c) graph of integral index H value with
respect to fragment size
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Fig. 4. Results of city image processing (a) photo of city, taken from UAV board; (b) image of city area converted into

grayscale, divided on several fragments and processed by SURF descriptor; (c) graph of integral index H value with
respect to fragment size

TABLE II
EXPERIMENTAL RESULTS
11 12 13 14 15 16
H(forest) | 2075.029754 | 2731.862577 | 3226.77959 | 3507.95128 | 3536.241 3484.5674
H(field) 73.8218335 106.038502 133.114033 | 178.963907 | 252.880844 | 281.921648
H(city) 4947.8998 5450.32493 5264.74364 | 5091.4835 | 4996.708997 | 4905.810

IV. CONCLUSIONS

To improve the accuracy and performance of
CENS we proposed to evaluate the informativity of
cartographic information using an integral index.
Experiments on the series of different regions photos
have shown that field region has very low informa-
tivity, forest — medium and city — high one. These

results confirmed that optimal informativity equals to
3000. From the viewpoint of the operator this index
gives us a correct estimate of informativity, and is
relevant. Although, we have determined that the
image can be divided into different informative sec-
tions such as field, sky, forest, city and others. This
separation allows us to select the most informative
parts and thus, present data in a more compact form.
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