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Abstract. The article considers existing methods of image feature detection. Descriptive representation of unified
template is proposed based on Speed-Up Robust Feature (SURF) method. The requirements and structure of database
of unified template are developed including the reliability factor of each image feature. Experiments evidences the
decreasing of memory volume for database and of computational time of recognition.
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1. Introduction

Correlation-extreme navigation system (CENS) is
topical since it is an alternative of data fusion source
of Inertial Navigation System(INS), instead of
Satellite Navigation System (SNS). SNS allows
determining the coordinates of unmanned aerial
vehicle (UAV) quite precisely and reliably, but
possesses a number of essential shortcomings. The
main is that satellite signal can be easily jammed by
occasion or intentionally. And then INS operation
becomes autonomous with accumulation of
positioning errors. The INS correction is required
and the most favorable source is CENS. Application
of CENS allows carrying out the correction of
heading, coordinates and velocity of UAV in the
conditions of presence of cartographic data.

The principle of operation of CENS is based on a
comparison of template realization of geophysical
field (saved in computer memory) with the current
realization obtained from the airborne sensor [1]. A
degree of matching is represented in the form of
correlation function, its extremum is found and is
used to get positioning over map.

Visual correlation-extreme navigation consists of
two main parts. The first, absolute navigation, or
georeferencing [2] mostly relies on recognition of
current image frame among template satellite
imaginary by feature and correlation approaches.
The second, relative navigation, or visual
odometry[3] takes a series of video frames and
obtains the relative velocities from increments
between them. Here also possible two approaches:
feature tracking from frame to frame or correlation
between consequence frames. Both tasks of visual
navigation, recognition and tracking, must be solved

in real-time by processing large amount of video
information.

Accuracy of CENS positioning is determined by
accuracy of airborne sensor and, of course, by
accuracy of cartographic data. The high resolution of
georefferencing images for visual CENS provides
redundancy of information, requires large volume of
memory to be allocated, needs high computational
capability to be processed in real time, etc. Thus, the
preliminary processing of georefferencing images is
recommended with purpose of creation of unified
template. It must contain minimal but sufficient data
for reliable matching with heavy computational
preprocessing.

2. Problem statement

The georefferencing image is represented by a
descriptive set containing image features like points,
contours, areas, textures. The feature points detected
by SURF method [4] are selected for investigation.

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

Ly (x,3,0) Ly, (x,,0)

H(x,y,0)= )
Ly (x,y,0) L, (x,,0)

(1)
where L, (x,y,0) is convolution of the second

2
order partial of Gaussian — g(o) from the image
ox

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

Ly, (x,y,0).

But for SURF the fast Hessian is found that is the
approximation of matrix (1) by box filters.
Dimension of filters is selected as 9%x9 with scale
6=1.2 (minimal). The approximations are designated
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as Dy, Dy, Dy, . The weights are selected from
Frobenius norm:
2
det(H 00 ) = DDy —(0.9D,, )

In general case the descriptor of feature point by
SURF method includes the following information:

coordinates P:{x, y} , scale of Gaussian filter
M ={G} , gradient orientation R={0L}, Laplacian
L={0,1}

background or black spot on white), and gradients of

(means either white spot on black

quadrants D ={D1,D2,...,D64(128)} , which surround

the point.

To calculate the descriptor the rectangular area is
formed around the feature point. It has the size 200,
where G - filter scale, that was used to find the point.
For the first octave the size of area is 40x40 pixels.
The quadrant is oriented along the major direction
calculated for feature point.

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 as it is shown in Fig. 1.

Todx | G
> ldx] s‘;"-'
> dy © o

> |dyl

Fig. 1. Descriptor of feature point [4]

For each quadrant the responses of Haar wavelets
of size 2G are computed on the regular grid 5x5=25.
Responses by directions x and y are designated as dx
and dy, respectively, and then for each quadrant the
following vector is found:

quadmnt [zdx Zdy Z|dx| Z|dy|]

With Haar wavelets calculation the image is not
rotated, the filter is computed in image coordinates.
But after the gradients coordinates (dx, dy) are
rotated in angle corresponding to orientation of
quadrant.

Four components on each quadrant must be
computed that gives totally the 64 components of
descriptor of area around the feature point. By the

forming of descriptor array the values are weighted
by Gaussian 3.3¢ and centered in the feature point to
minimize the possible noise components.

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.

3. Related works

General requirements to unified template for CENS
are formulated in [5], without any proposed structure
and used methods of data processing. More detailed
description of procedure of template data
preparation and processing is given in [6]. 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.

4. Proposed database structure of unified
template

Meta template (georeferenced image) is separated
into several fragments (number and sizes are needed
to be researched and optimized also), or templates
with the unique ID to be easiely matched over meta
image, and then they are processed by SURF
detector. Coordinates of feature points detected by
SURF are given in image coordinate system (CS)
and must be refferenced to geographical CS, which
requires two additional fields for latitude ¢ and
longitude A. As an alternative, it is possible to set the
coordinates of reference point (image center of left
upper point) with corresponding coordinate
transformation matrix (DCM - direction cosine
matrix). The last variant provides minimization of
memory volume required to keep unified template
data. It requires coordinates (@, A) of reference point
in geographical CS, size of template either in meters
of pixels (nxm), and DCM (B).

Also, two additional navigation paramaters
must be incorporated into unified template for
visual CENS: heading y (that is, orientation of
image) and altitude H (that is, image scale). They
are the same for all feature points and therefore
together with geographical coordinates of
reference image point and with cordinate
transformation matrix can be positioned to
separate data level of template (Fig. 2).
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Fig. 2. Database structure of unified template

The next data layer contains information about
each feature point, the same as for conventional
SUREF descriptor, but including one more, important
field, namely weight factor.

SURF detector provides redundant number of
feature points [4], the most of which have a lack of
repeatability under image distortions or noises.
Obviously, it is necessary to test the points during
template preprocessing and select the most reliable,
that is, those to be detected and matched over all
distortions and noises.

a

The intuitive determination of weight factor of /™
feature point can represented as

N
Wi = Wl > (2)

where N; is the number of reliable matching of
feature point over all N distortions and noises of a
template.

The error metric of feature point matching is
selected as normalized cross-correlation coefficient
(NCC) with maximal value to be equal to 1 if
descriptors of two points are equivalent, and to zero
if they are totally different. NCC is easy to calculate
for SURF descriptor [7] since it requires single
operation of matrix multiplication.

5. Experimental results of error metrics

comparison

A set of images obtained from UAV camera is
investigated. An image of 4000x3000 px is divided
into N templates (number of template is selected as
4). Each template correspondingly has the resolution
2000x1500 px.

SURF detector is realized in MATLAB 2014a
environment by [8]. For the first template of meta
georeferenced image shown in Fig. 2, a, the initial
data fields of feature point descriptors are
represented in Fig. 2, b.

S mpsor x|
149052 struct with 6 felds
Fields E X Eﬂ ¥ E scale E laplacian E orientation ﬁ descriptor
1 124421 19188 1 4,3786 54r1 doube
2 BLEY 123750 19518 1 4,2510 541 double
AE 457.6401 12813 12514 0 5.1500 54 double
4 46,2005 11738 11497 1 5.7199 §4r double
5 8023679 127518 20557 1 0.5578 41 double
Is 628.1555 12,1941 1.7805 1 5.3728 54x1 double
7 10285403 118624 21594 1 2.2321 54¢1 double
8 142776403 113028 23028 1 26547 54x1 double
o 144406403 12,4381 1.5043 0 5.0873 54r double
0 177866403 12.2357 16025 1 4,6517 541 double
11 053628 14397 203% 1 3.2641 54r double
12 STLE34S  13.87%8 1.8515 0 1.3630 541 double
13 543373 138312 10245 0 2.7863 54r] double
14 TALSTE? 141380 1.9871 1 4.2162 541 double
b

Fig. 2. The meta template and data fields of SURF descriptor of first template points

Also the number of detected feature points for the
first template is significant, 9052. And some of this
points are not reliable meaning that for other
condition of image capturing or illumination they
will not be detected at all. Moreover, non-stationary
objects like cars, shadows, etc. also need to be

eliminated from a template. For this purpose it is
proposed to introduce the weight factor of each
point.

For this, the selected template (No.l) was
subjected to different distortions and noises (Table 1).
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Table 1. Noises and distortions of template image

Darkening with intensity 0.1
MATLAB : imnoise(I01,'gaussian’, -0.1,0)

Darkening with intensity 0.2
MATLAB : imnoise(I01,'gaussian', -02,0)

Darkening with intensity 0.3
MATLAB : imnoise(I01,'gaussian’, -0.3,0)

Lighting with intensity 0.1
MATLAB : imnoise(I01,'gaussian’, 0.1,0)

Lighting with intensity 0.2
MATLAB : imnoise(I01,'gaussian’, 0.2,0)

Lighting with intensity 0.3
MATLAB : imnoise(I01,'gaussian’, 0.3,0)

High frequency gaussian noise with variance 0.05
MATLAB : imnoise(I01,'gaussian’, 0,0.05)

High frequency gaussian noise with variance 0.1
MATLAB : imnoise(I01,'gaussian’, 0,0.1)

Image rotation by 5 degrees
MATLAB : imrotate(I01, 5)

Image rotation by 10degrees
MATLAB : imrotate(I01, 10)

Image rotation by 15 degrees
MATLAB : imrotate(I01, 55)

Affine transforms, vertical skew
MATLAB affine transformation matrix
[100;.510,001]

Affine transforms, horizontal skew
[1050;010,001]

Affine transforms, horizontal stretching
[210;010;001]

Affine transforms, vertical stretching
[110;020;001]
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The reliability of each point was calculated by (2)
for general number of experiments N=15. Initially
the threshold of NCC was selected as 0.75. Fig. 3
demonstrates the distribution of reliable points over
the first template.

Fig. 3. NCC for reliable matching > 0.75, number of
reliable feature points is 4142 from total number of 9052.

The results of image recognition for other
distortions parameters have shown poor results, that
is why the threshold of NCC is decided to be
increased up to 0.9. Reliable feature points are then
shown in Fig. 4.

=

Fig. 4. NCC for reliable matching > 0.9, number of
reliable feature points is 2328 from total number of 9052

The structure of unified template data fields
realized in MATLAB is shown in Fig. 5.

Image recognition quality has been estimated by
taking the meta image under various distortions like
rotation (in the range from +15 to 15 deg with 5 deg
step), affine transforms (skewing and stretching in
horizontal and vertical directions, 4 transforms in

total), illumination changes (darkening and lighting
in the range +0.3 to -0.3 with 0.1 value step).

High frequency noise has been eliminated from
consideration since it is easily filtered at image pre-
processing stage. Total number of distortions has
been taken correspondingly equal to 16.

For image represented in Fig. 2, a, the total
number of SURF points is 43325, causing the
descriptor matrix in dimension of 64x43325. The
full search by the meta template using NCC error
metric requires matrix multiplication by 43325x M,

- | meta_template
131 struct with 1 field
Field - value Jwn [max |

| < [fremplateld |

| meta_template.templatelD | meta

Irl sbuct

- [ meta_template
1x1 struct with 6 fields

| meta_template.templateID T meta_tem

Field |value [win max |

[T ref_point_phi_lambda [50.3456 31.4567) 31,4567 50.3456

[ size_width_height  [2000 1500] 1500 2000

H pam [100;010;00 1] 0 1

(1 heading 0 0 0
altitude 500 900 800
152328 struct

- | meta_template

1%2328 struct with 7 fields

Fields H =x H v HH  scale
360.6713 28.1760 2.0919

1 0
2 1.7354e+03 29.851% 2.0344 1
3 1.4627e+03 32,5344 1.8067 0
14 527.6302| 35.5838 2.0816/ 0
5 1
6 1
7 0

| meta_template templatelD | meta_template.templatelD. Ipks

E taplacian [ orientation [l deseriptor [ weight_factor
5.6505 &4 ] double 0.8100
5.9154 64x 1 double 0.8700
0.1838 641 double 0.8200
2.4545 64x 1 double 0.9100
1.9071 64! double 0.9800
4.7184)64x 1 double 0.9800
2.2197|&4x 1 double 0.9800

1.7819e+03 41,9114 2.0786
323.9364 52,3596 2.0022

517.9081 57.2260 1.8697

Fig. 5I Proposed modification of structure of template
data fields

where M is a number of SURF points found in the
captured video fragment. Excluding the time
required for SURF detector, the computational cost
of the given operation is too high to be used in real
time, even for preliminary region recognition. In
average, computational time is about 100 sec.

Introducing the proposed unified template allows
us to reduce the number of SURF points, in general
for meta image it is 6997, meaning decreasing in 6
times. Correspondingly, time for full search over
templates is about 2 sec, by several orders of
magnitude.

The descriptor matrix Dy is formed by reshaping
descriptors of SUR points (vectors 64x1) intro
matrix which dimension is 64x(N;+N,*...N;), where
Ni, N,,..., N, are number of SURF points in each &
templates selected for search area.

If a prior data is available about current position
at meta template, then the dimension of descriptor
matrix can be even more reduced.
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In experiments the fragment 800pxx800px of
meta image has been randomly selected (~20% of
the size of each template). The results of recognition
without distortions have shown poor quality (low

0.8

then 60%) since the overlapped area has been not
enough. Increasing the captured fragment area up to
50% (size 1200pxx1200px) allows improving the
quality up to 70% (Fig. 6).
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Fig. 6. Recognition quality of video fragment 1200pxx1200px randomly taken from the first template

Probability of fragment recognition among the
given number of templates has been taken as total
number of SURF feature points in unified meta
template matched with points detected at fragment.
The frequency sense of such probability needs to be
normalized to the range [0; 1] then the following
expression has been used:

b =

1

1
2 H;
i=1

where H; is number of matched points with "

template,
k is total number of templates included in search.

6. Conclusions

Proposed approach to creation of unified template
based on SURF points provides minimization of
memory volume required to store the cartographic
database. Heavy preprocessing stage is used to test
and determine the reliability factor of feature points
and to select those with reliability higher than
predetermined  threshold. Decreasing  of
computational time required for full search over
unified templates is about 2 sec, by several orders of
magnitude in comparison with search over ordinary
template. However, the recognition quality suffers
and drops from 90% to 70%.
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[IpoananizoBaHo HasBHI METOAW BUJIUIEHHS XapaKTEPHUX O3HAK 300pa)KCHHs. 3allpoOIIOHOBAHO JIECKPHUIITHBHE
TIpeAcTaBiIeHHs YHi(iKoBaHOTO eTanoHy Ha ocHOBI Metoxy Speed-Up Robust Feature (SURF). Po3po6iieni Bumorn i
CTPYKTypa 0a3M AaHMX YHI(IKOBAaHOTO €TaJOHY, BKJIIOYAIOYM IMOKa3HUK HAIHHOCTI KOXKHOI XapaKTepHOI O3HAKH
300pakeHHs. EXCIIepMMEHTH CBig4aTh MPO 3MEHIICHHS OOCSTiB MaM'sTi s 30epiraHHs 0a3yW NaHUX 1 3HIKECHHS
O0YHCITIOBAIFHIX BUTPAT MPOIIEC PO3ITi3HABAHHS.
KuarouoBi cioBa: reomnpuB's3ka; KOpEISIiHHO-eKCTpeMalbHa HaBirallis; IMOKa3HUK HaIiHOCTI (Bara); IpPHCKOpEHE
BUJIIJICHHS pOOAaCHUX XapaKTepHUX O3HAK; pO3Ii3HABaHHS 300payKeHb; XapaKTepHa TOUKa.

M.II. Myxuna. YHuU(PUUOUPOBAHHBIH 3TAJOH TeONPHUBSA3AHHBIX H300paKeHUH s BU3YAJIbHOM

KOPPeJSIIHOHHO-IKCTPeMAIbHONH HABUTALMOHHOM CUCTEMbI

HanuonansHelii aBUaliMoOHHBINA yHUBEpcHUTeT, npocit. Kocmonasra Komaposa, 1, Kues, Ykpauna, 03680

E-mail: m_mukhina@inbox.ru
[IpoaHanmu3upoBaHbl CYIICCTBYIOIINE METOABI BBIIEICHUS XapaKTePHBIX NPH3HAKOB wm300paxeHus. llpemmoxxeHo
JIECKPHUIITHBHOE IPECTaBlIieHne YHUPHUIMPOBAHHOTO 3TasioHa Ha ocHoBe Metona Speed-Up Robust Feature (SURF).
PaspaboTanbl TpeOOBaHMS U CTPYKTYpa 0a3bl JaHHBIX YHUDUIIUPOBAHHOTO 3TAJIOHA, BKIIOYAs MMOKA3aTeb HAIC)KHOCTU
K2)XJOro XapakTePHOro IpHU3HaKa H300pa)KeHHsl. DKCIEPUMEHTHI CBUJAETEIbCTBYIOT IPO yMEHbIIEHHE OOBEMOB
MAMSITH JUTS XpaHeHUs 0a3bl JAHHBIX M CHIDKCHHUE BEIYUCIUTEIBHBIX 3aTPAT Ha MPOIECC PacIiO3HABAHUS.
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