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Abstract

In this paper, the problem of automated detection of anomalies in the video,
filmed in the controlled area on board of the UAV is considered. The complexity
of the problem associated with the effect of multiple factors on the quality of the
image is pointed out. Expediency of processing methods using the structural
properties of the image, stable with respect to a number of noise and distortion is
justified. We propose two approaches to use the structural properties of an image.
The first approach is based on full hierarchical segmentation and simplification
of the image and usage of the appropriate parameters of segments. The efficiency
of the approach applied to the problem of detection of smoke and fire is shown.
The second approach is based on modeling and analysis of the image gradient
field. Then a method of detection of anomalies in the image is proposed. A few
examples illustrating the operation of the proposed procedures are considered and
effectiveness of approaches is shown.

Keywords: UAV, Anomaly search, Image structural properties, Total
segmentation, the gradient field, Proximity measure.

1. Introduction

The problem of detecting anomalies arises in many areas of science and technology. For
example, anomalies, tracked from space, could be oil spills on the sea surface, major forest fires,
man-made pollution of the atmosphere, hidden plantations of narcotic plants among other crops,
and others. In order to detect such objects unmanned aerial vehicles (UAV) are also widely used,
which are often almost the only means used for search and detection of objects of interest.
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In this paper, we consider the problem of automated detection of anomalies in the video,
filmed on UAYV in the controlled areas. The anomaly is understood in a broad sense, including
relative to objects of both known and unknown images.

As it is known, the video captured on board UAVs simultaneously undergoes the variety of
effects and distortions hampering efficient processing of information. The main distortion of an
image is occurred due to the rapid changes of UAV flight trajectory, resulting in an image of the
same object to be different in the different frames. In addition, images of the same objects in the
adjacent frames of a video sequence differ both in size and perspective, and the images
themselves are fluctuating due to the vibration of UAV board and other factors. Therefore, for
the efficient processing of information received UAV, you must either create special approaches
and methods or improve the existing ones. At the same time it should be noted that the
effectiveness of digital image analysis depends largely on the available prior information about
the properties of the image characterizing features of a scene and numerical values of its major
parameters. On the other hand, since the analysis results ultimately are estimated by a person, the
used methods should take into account the properties and capabilities of human visual system
(HVS).

In recent years, particular attention is paid to methods of analysis using structural properties
and image features that are consistent to HVS decisions. Under the structure of the image is
commonly understood the set of existing standard elements in it and the links between them that
allow making a judgment on the content of the considered scene. Herewith, as structural
(morphological) elements often the image homogeneous area, as well as the edges of
homogeneous regions are considered. To find the structural elements they use a number of
morphological operations to perform various image transformations [1]. There is also a huge
variety of methods based on the use of different combinations of morphological operations,
allowing analyzing the scene specifically for a particular purpose.

It follows that, for the efficient processing of video, filmed on board the UAV, it is
advisable to apply the methods of image analysis which provide results that are independent or
weakly dependent on the above type of interference. Therefore, we restrict ourselves to those
situations in which when exposed to this type of interference the structure of the image remains
fairly stable.

In this paper, we describe two methods of analysis based on using structural properties
of an image, allowing detecting anomalies on images obtained from video filming by UAV.
Results of application of both methods to real data are given.

2. Two Approaches to Analyzing the Structure of an Image

In this paper, we follow the statement that image structure which is perceived by HVS is
basically identified via mutual dislocations of available segments and edges. Recently, guided by
this statement, we have proposed two approaches to the analysis of the image structure.
A. Total Segmentation and Simplification of Image.
The algorithm of total segmentation and description of the corresponding program system is
done in [2]. Let’s describe briefly the algorithm.
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Let I=[I(m,n)| be the pixels intensity matrix of a Grayscale image,m=0,1,...N -1
n=01,...,M -1, where I(m,n)e{0,1,...,255}. Let the numbers@, € {1,2,...,254} , j=12,...,L+1,
Le{12,..,254} satisfy the inequalities 6, <6, <...<6_. Then the interval of intensities is divided

into L+1 subintervalsT,,T,,..., T ,,. Call a set of pixels S, of the image | connected, if any pixel
of that set has at least a “neighbor” from the same set. Call a connected set of pixels S, the

segment, if all pixels of that set have intensity belonging to the same subinterval from
Tl’TZ""’TL+l'

Let a segmentation algorithm & be chosen, and we have all segments S,,S,,...,S, of an
image | as a segmentation result. This means that

K
a) S=JS,, i=12,....K,
i=1

6) S,NS;=0,ifi%j,i,j=12..K.

Then we say that the total segmentation is performed.
Total hierarchical segmentation means the sequential application of segmentation procedure

to the given image atL =1.2,...,L . , wherelL <254,

**1 “max !

The procedure of substitution of intensities of all pixels of each segment for its average
value is called an image simplification.

The described procedure of total segmentation can easily be generalized to the case of color
image. For that it is necessary to decompose the color image into components of the used color
space, perform total segmentation of each color component and then the derived components
convert to color image. The values of parameter L can differ for different components.

Thus, the result of total segmentation characterizes the image structure which is varying
weakly at different values of parameter L. In other words, the number, dislocation and relative
sizes of segments remain almost the same. This fact explains the HVS property to recognize the
scene content at different sizes and orientations of an image.

Described technique was applied to the problems of recovery of damaged images [3] as well
as in smoke or fire detection procedures using UAV imagery [4].

2.2. Modeling and analyzing the gradient field of an image.

The basis for usage of gradient field is the well known fact that HVS confidently recognizes
the content of an image by the aggregate of available edges. Methods of edge detection in an
image are basically based on gradient field analysis using different mathematical methods [1].
One of the approaches to gradient field processing is its presentation as a two-dimensional
random variable and creating certain statistical models for image structure investigation [5].

Let G,, =|G,,(m,n)| and G, =G, (m,n)| be the horizontal and vertical gradients of an image

max

| correspondingly, and M =|M(m,n)| be the gradient magnitude, where

M(m,,n) = {G(m,n) + G5 (m,n) . (1)
a. Model for dominant orientation of an image is based on the usage of the term of
orthogonal regression [6], the equation of which is as follows:

L (9 =r) 20 (9n =)0 —t) (9 -1&)" | _ o )
1_10I%|V GI%I ey 0-\3
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where g, , u,, o, o, mathematical expectation and MSE of random variables G,,and G, ,
Py IS the coefficient of correlation between them, C — is a constant. Dominant orientation «
of an image is determined as follows:

tga = Sl T | 3)
ol —o. +\/(af| —O'\f) +4pF,
Models (1)-(3) were applied in different tasks for analyzing of images with different sizes and
orientations [6, 7].
b. Model for distribution of magnitude gradient. Let’s assume that the gradient magnitude
(1) is a random variable with Weibull distribution density

f(x;n,0)= %(%)n exp{— (gj”} x>0, (4)

where n; > 0 - shape parameter, ¢ >0 - scale parameter.

It must be noted that the fact of using only two parameters in this model has a significant
advantage in certain tasks of image processing, connected with searching in big data bases [8, 9].
Particularly, images similarity assessment measure is proposed in [5], which shows the
proximity of images having gradient magnitudes with Weibull distribution densities f,(x;n,,0,)

and f,(x;n,,c,). The measure is determined by the formula as follows:

W2 = min(n,,n,) min(c,, 5,)

max(n,,n,) max(c,,c,)

where the gradients are calculated using Sobel operator and the parameters in (5) are estimated
by the method of moments.

3. Technique for anomaly detection on an image.

Let us have an image of a scene on which the images of certain objects of unknown form,
sizes and orientation can be there. A feature by which the object can be characterized is its
difference from the surrounding space by structural properties. It is required to detect an area
which contains the object and select it as clearly as possible. Such statement of this problem has
many uncertainties, but very often even an approximate solution of the specified task has a
practical significance because the reliability of solution can be increased by multiple
observations from different positions and trajectories of UAV. The goal of the present
investigation is to show that the information about structural properties of the image helps to
solve the problem of anomaly detection by UAV imagery.

The algorithm of object searching includes the following steps.

Step 1. Select on a scene a part of image which wittingly doesn’t contain any anomaly. The
size of the part must exceed the size of the searching object a little.

Step 2. Using sliding window consequently estimate the proximity measure W? between the
chosen part (at Step 1) and the current slide.

Step 3. Select the current slide if W? exceeds the threshold given beforehand.

The result of performance of these steps will differ from the surrounding space by structure.

It can be noted that probabilities of true detecting and false alarm errors at the described
procedure application significantly depends on signal/noise ratio and can exceed the admissible
values. Therefore, the detected anomalies must be investigated additionally by another method.

L 0<W?<1, (5)
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3. Results of Experiments

Some experiments were performed to detect anomalies of different types. Results of two
experiments are given below.

Experiment 1. Let's suppose that a tank or another big machine is hidden in a forest, and we
want to detect an anomalous part by UAV imagery. In Fig. 1a an image is given of size 307x214
from video frame which presumably contains an object. Estimating the situation visually we can
note that the image of tank and its nearest surroundings differ from the remaining part of the
whole image. In Fig. 1b (slightly increased for demonstrability) an image is shown of size 47x45
from other frame of video which doesn’t wittingly contain an anomaly. Performing the above
described procedure we have detected an anomaly, i.e., the part of the whole image with the
lowest similarity with the chosen image of Fig. 1b. In Fig. 1c the binarized image of similarity

map is shown, calculated using similarity measure W?, which allows to illustrate the
corresponding part of the whole image with an anomaly object (i.e., hidden tank).

Fig. 1. Results of searching for detecting an anomaly. a- video frame with hidden object,
b — image part without anomaly, ¢ — binarized map of proximity measure,
d — the part of whole image with minimal values of proximity measure.

Experiment 2. Searching of object of interest using Google Map web mapping service.

Here we solve the following problem. Suppose that formerly someone took a picture of an
urban quarter using UAV (Fig. 2a). Later he wanted to find that territory using Google Map web
mapping service for determination of more detailed information on that territory (more precise
coordinates, dislocation of objects, etc.). Suppose that the chosen part of Google Map (Fig. 2b)
contains the object of interest, but distance, orientation, perspective and other information
regarding the picture of Fig. 2a are unknown. The goal of this experiment is to find the object of
interest in whole image of Fig. 2b (i.e., a part which corresponds to the image of Fig. 2a).


https://en.wikipedia.org/wiki/Web_mapping
https://en.wikipedia.org/wiki/Web_mapping
https://en.wikipedia.org/wiki/Web_mapping
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Using the above described searching procedure with sliding window (by analogy with
Experiment 1) the part of map can be found which is maximally similar to the image of Fig. 2a
(see rectangular frame in Fig. 2c). In Fig. 2d the increased image of that frame is shown. It can
be seen that the frame contains the necessary information though the scale and orientation differ
from the object of interest. For further specification of scene the described procedure can be
repeated for another part of map, which contains the object of interest more precisely.

Fig. 2. Results of searching the object of interest on a map. a — chosen area of interest.
b — part of Google map presumably containing the object of interest. ¢ — found part of
map with maximal values of proximity measure. d — increased image of found part.
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4. Conclusions

In this paper, a problem of automated detection of anomalies in the video, filmed in the
controlled area on board of the UAV is considered. Due to complexity of the problem associated
with the influence of multiple factors on the quality of UAV imagery it is reasonable to use the
structural properties of images which are stable with respect to a number of noise and distortion.
The proposed approaches and procedures allow solving effectively the problem of detection of
anomalies in images filmed by UAV. The considered examples of applications show the
effectiveness of the proposed approaches and procedures.
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ULU nhuwbjupwhwiws wuwwnltph jurnigusph hhdwi
Ypw opjjnnp huynbwpbpdwt dkpnn

. Uuwwnpjul
Udthnthnid

Ultioqusnt pnsnn uwppbpp (UEU) juyunpkt Jhpwnynid B wnbnbkuwlub,
ptuyuwhywiwlult, pwquuliubt b wy putwquyunubpnid: Unyu  wopowwnwtipp
udhpyws E huljynn wnwpwspnid tjupuhwiudwt dvhongny opjjnutp hwjnbwpbptjnt
huunnpht, htudkny wwwulbph Jupnigjuspuyht hwnlnipniutbph ogunugnpsdw
Ubpnpupuinipyut Yypu: Unwewplyt] £ wquwnltph Junnigjuspp punpnonn bpynt
unnk], npnughg dkhp juudws E wquunlbph 1phy hwnduswynpdwi b wupqgdut
wpmniipkph  oquuuugnpduwh, hulj dmup  wwwlkpod  welw kqpugskph b
uwhdwbtbph puquUnipjut Jhdwjugpuljmt Jbpnisnipjutt htwn: Unwowpldly kb
wunlkpmd pinhwinip $ntthg opjinh’ npybu windw) whpnyph, wopwidiugdwul
pupwgulupgtpn: Twutwynpuwbtu, nhnnwuplyt b spup b pulhh, hiyytu tul Google
map hwdwlwupghg uwnwugwé pwpunbqubph Ypw twjuopnp qpuugdws opjklunp
huyntwpkpdwt ophttwfjutp: Ppujut wnyjuiutph Jpu gnyg E nipdt] wnwowplidws
Uunpbjuiph U hwdwywunwupwt  wynndwnwgjus hwdwlupgh  wpynibw-
JbEwnnipniip:

Metoa oOHapyxeHusi 00beKTa N0 BuaeocbeMke BJIA, 0CHOBaHHBII
HA MCI0JIb30BAHUHU CTPYKTYPbI H300paKeHH sl

. Acarpsan
AHHOTaANuA

becimnoraeie neraronue anmapatsl (bJIA) mMpoko UCTONB3YIOTCS B HAPOIHOM XO3SMCTBE,
B 3ajlayax 3alUThl MPUPOJIBI, B BOGHHOM Jielie U ApYyrux obmactsax. CTaThs MOCBsIIEHA 3a/1a4e
0OHapyXeHHUsT 00BEKTOB 110 BUIeOCheMKkaM bJIA Ha KOHTPOIMPYEeMOil MECTHOCTH, OCHOBBIBASICh
Ha METOJOJIOTUM HCIOJb30BAHUS CTPYKTYPHBIX CBOMCTB H300paxkeHus. [IpemnokeHsl nBe
MOJIETM, XapaKTepU3YyIOUIMe CTPYKTYpy H300pakeHus, OJHA M3 KOTOPbIX CBs3aHa C
UCTIOJIb30BAaHUEM DPE3YJIbTaTOB IMOJHOW CErMEHTAIlMM W YIPOILIEHHS M300paskeHUs, a apyras
OCHOBaHa Ha CTAaTUCTHMYECKOM aHalli3€ MHOXKECTBA HUMEIOUIMXCA B H300paX€HUH KpaeB u
rpanui. Ilpeanoxena npouenypa oOHapykeHUsI 0ObeKTa Ha obOmeM (oHEe — KaKk aHOMaluHu B
n300paxeHnu. B dacTHOCTH, paccMOTpeHbl HMpUMEphl OOHAPYKEHHsS JbIMa M OTHS, a TakKke
OOHapy>KeHHsI TPEIBAPUTEIILHO PErMCTPUPOBAHHOIO OOBEKTa IO KapTe, IMOJYYECHHOH MpH
nomom cucrembl Google map. Ha peanbHbIX [aHHBIX ITOKaszaHa 3(¢GEeKTUBHOCTH

IIpeaIOXKEeHHBIX MO,ILeJIefI n aBTOMaTHBHpOBaHHOﬂ CHCTE€MBI O6HEIPY)K€HI/IH 0OBEKTOB.



