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Abstract

The work is devoted to the development of a method for the objects detecting on an agitated sea
surface video based on the analysis of the differences in the variability of the object and the sea
surface image fragments on the neighboring frames. The proposed method does not use data
about the object size, its shape, brightness, etc. The decision function has been developed that can
be used to estimate the variability of a given frames fragment, based on the normalized cross-
correlation coefficients values of the corresponding fragments on a video subsequent frames. The
decision rule has been developed based on the proposed decision function, in which we use the
threshold value (the critical domain boundary) determined at the training stage when analyzing
the frames sequence fragments containing only the agitated sea surface image. The efficiency of
the developed objects detection method on the agitated sea surface is demonstrated based on
computational experiments. The values of the decision function critical domain boundary
obtained at the training stage and the corresponding values of the type Il error probability at the
detection stage are given. The presented computational experiments results demonstrate that the
developed method makes it possible to detect the object on video frames with the type Il error
probability equal to zero.
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AHHOTALMSA

Pabora mocesmeHa pa3paboTke MeTonma  OOHApY)KCHHS OOBEKTOB HA  BHJICO3AINHCH
B3BOJJHOBAHHOW MOPCKOW TIOBEPXHOCTH HAa OCHOBE aHallM3a pPa3Induidi B W3MCHYHBOCTH
m3o0pakeHnii 00BekTa W (PparMEeHTOB M300pPaKEHHUS MOPCKOW TOBEPXHOCTH HA COCEIHUX
Kazapax. B mpemiokeHHOM MeToJle He HMCIIONIb3YIOTCS TaHHBIE O pa3Mepax o0beKTa, ero ¢opme,
spkocTi U np. PazpaGorana pemaromias (yHKIHS, KOTOpas MOXET OBITh HCIIOJIb30BaHA JIJIs
OIIEHWBaHUSI M3MEHYMBOCTH 33/IaHHOTO (hparMeHTa Kajpa Ha MOCIEeAYIOMMX KaJpax BHIIEO0, Ha
OCHOBE 3HAYCHHY HOPMHUPOBAHHBIX KO3(P(PUIIMEHTOB B3aUMHOW KOPPEISIIIMA COOTBETCTBYIOIIUX
(dparmenToB. PaspaboraHo permiaroriee MNPaBUIO HAa OCHOBE TIPEIOKEHHOW pEIIaroIIei
(yHKIIMH, B KOTOPOM IPHUMEHSCTCS IMOPOTrOBOC 3HAueHHWE (TpaHMIla KPUTHYECKOH 00J1acTH),
ompesensieMoe Ha dTarme OOy4YeHHs IMpH aHaimu3e (parMeHTOB ITOCIENOBATEIHHOCTH KaApOB,
coJiepIKaIImux TOJILKO n300pakeHue B3BOJTHOBAHHOM MOPCKOH MTOBEPXHOCTH.
[IponemoncTprupoBaHa paboTOoCIOCOOHOCTH pa3pabOTAHHOTO METO/Ia OOHAPYKEHHUSI OOHEKTOB HA
B3BOJJHOBAHHOW MOPCKOM TIOBEPXHOCTH Ha OCHOBE BBIUUCIIUTENBHBIX 3KCIICPUMEHTOB.
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[MpuBeneHbI 3HAYEHUSI TPAHUIBI KPUTUYECKOW 00JacTH pemaromied GpyHKIHMU, MoMydeHHbIC Ha
sTarne OOYy4YeHHWs, W COOTBETCTBYIONIUEC 3HAUCHUS BEPOSATHOCTH OIIMOKM 2-TO poJa Ha 3Tare
obHapyxeHus. [IprBeieHHbIE PE3yJIbTaThl BHIYUCIUTEIBHBIX JKCIIEPUMEHTOB JIEMOHCTPUPYIOT,
4TO pa3pabOTaHHBI METOJA TIO3BOJSET OOHAPYKUTh H300paKeHHE OO0BEKTa Ha Kajpax
BHJICO3AITHCH TTPH BEPOSTHOCTH OITHOKHU 2-TO POJia PaBHOW HYITIO.

KaroueBbie cjoBa: oOHapyXeHHEe OOBCKTOB; BHJICO3alUCh; B3BOJIHOBAHHAs MOpPCKas
MOBEPXHOCTh;  TOCIENOBaTeNIbHbIE  Kajpbl,  HCKaeHHe  (QparmMenta  HM300paKeHHS,
HOPMUPOBaHHBINA KO3(DPUIIMESHT B3aUMHON KOPPEISAIIUU

Jdas mutupoBanusi: Ypcon JI.B., Uepnomoperr J.A., bomroBa E.B., Uepmomoperr A.A.
OOHapyxeHHe 00BEKTOB Ha OCHOBE B3aUMHOW KOPPEJAIMH (PParMEHTOB BHJIEO KaJAPOB MOPCKOM
noBepxuoct // Hayuusrit pesynbrar. MHpOpManuonusie texHomorun. — T.7, Ne2, 2022. —
C. 19-27. DOI: 10.18413/2518-1092-2022-7-2-0-2

1. INTRODUCTION

The tasks of detecting various objects in the video frames arise during the development of
surveillance, control and management systems in the human activity various fields. For example, the
solution of detection tasks is required when creating machine vision systems in industrial production to
control production processes, in the transport sector - to monitor the traffic situation, in the field of
monitoring the individual territories - to monitor the current situation, in medicine - to analyze the results
of surveys, etc. Various fields of the surveillance systems application require the development of various
methods for detecting objects in images and video recordings frames, taking into account the detecting
objects specific properties, as well as the features of their environment (background).

Methods based on the optical flow calculations [1, 2], as well as the use of the Kalman filter [3] are
widely used to detect moving objects. The methods given in [4-6] allow objects to be detected based on
the calculation of various similarity measures of the analyzed images fragments. The entropy-based
method [7], the method of clustering wavelet coefficients [8], the maximal reference cell approach [9],
the detection method for the hyperspectral images [10], the Reed, Mallett and Brennan algorithms [11],
the detection method in clutter [12], as well as methods based on the detection and analysis of key,
special features in which the variety of detectors and descriptors are used [13] are also used to detect
objects. A significant group of detection methods is based on the use of the various types neural
networks, for example, [14].

One of the rather difficult tasks of detection on video frames is the objects detection on an agitated
sea surface, which is due to the complex structure of the sea surface images on a separate frame, to the
significant variability of the sea surface images on neighboring frames, as well as possible movements
and distortions of the observed objects. To solve these tasks if there is information about changes in the
pixels brightness of the objects and background images, methods based on matched subspace detectors
[15, 16] and their various modifications are used [17-19]. A method for detecting small objects floating
on an agitated sea surface is given in [20].

It should be noted that one of the significant drawbacks of many known detection methods is the
requirement for a priori information about various properties of the object and the background, which are
quite difficult to obtain when solving the problem of detecting objects on an agitated sea surface.

The paper proposes a method for detecting objects on an agitated sea surface, which does not require a
priori information about the shape, size and other characteristics of the desired objects.

2. THE METHOD
The method for the objects detecting on the agitated sea surface video developed in the work is
based on the practical observations results showing that in most cases the object image changes slightly
on video neighboring frames, unlike the sea surface video frames containing an images of the different
lengths and different propagation directions waves. At the same time, the developed method does not
require information about the objects size, shape, their pixels brightness changes frequency on a frames
sequence, etc.
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Initially, to solve the objects detection problem on the agitated sea surface video frames, we
formulate the main hypothesis H,: the object image is present in the given frame fragment. Checking the

fulfillment of this hypothesis allows you to split the frame fragments into two classes: containing the
object image and all the others. It is proposed to use the corresponding fragments cross-correlation
coefficients values as the features that allow us to estimate the separate frame fragment belonging to one
of these classes.

To test the main hypothesis validity, we developed the following decision function, which is a given
fragment variability estimate on the video subsequent frames. This decision function is based on the
normalized cross-correlation coefficients analysis for a given frame fragment with the images on
subsequent video frames.

To test the above hypothesis validity, we develop the following decision function, which is an
estimate of the given fragment variability on subsequent frames of the video. This decision function is
based on the normalized cross-correlation coefficients analysis of the given fragment image on the frame
with the images on subsequent video frames.

Consider a sequence S =(S,), k=1,2,...,K, containing K subsequent video frames with N, xN,

pixel dimensions. On the first frame S, of the sequence S we will set a fragment F=(f, ),
L=12..,M,i,=12..M,,with M, xM, pixel dimensions:
N,>M;, N,>M,. (1)
For each next frame S,, k=2,3,...,K, we calculate the maximum normalized cross-correlation
coefficients values o, of this frame S, and a given fragment F based on the following ratio [21-23]:

M, M,
Z i (Sk,i+j1—l,j+j2—1 _a‘k,jljz)( fij o aF)
T T ’ @
B3 a3 e
=1 j=1 =L j=1
ii=12..,N,-M,+1, j,=12,...N,—M,+1,
k=23,..,K

where S, =(s,;) —the frame S,, k=2,3,...,K, with N, x N, pixel dimensions,
a, ;;, — the average pixel value of the frame fragment S, , corresponding to different values j, and j,,
h=12,.,N,-M;+1, j,=12,..,N,-M, +1,

1 2

ak W T M M2 Z z Kit+j—1 j+ -1 (3)

i=1 =1
F =(f;) —the frame fragment F with M, xM, pixel dlmenS|ons, corresponding to a given frame
fragment S,
a. — the average value of frame fragment F pixels:

aF:MMZZfU. (4)

WMo i =
The coefficients (2) values change in the interval [-1, 1].
The decision function has the form:

K

W(F):Z o0(o - ®)

k=2
where 6(o, —T_) — the Heaviside function [24] having the next form:
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1L, o 2T,
0o =T.) = {o, o <T.. ©)
T, —athreshold value that characterizes the sea surface images variability, for example,
T =0.85. (7
The threshold T_ changing allows you to change the developed method sensitivity when analyzing
of the sea surface images with the different degree of sea agitation.
The decisive rule which allow you to form the decision function W(F) (5) critical domain, is

proposed in the following form:
K

> 000, —T,)<Ty, (8)

k=2
where T,, — where is the threshold value (the critical domain boundary), which value is determined at the
training stage when analyzing the frames sequence fragments that do not contain an object image, for

example,TW =091

Thus, we have that the interval [0, T, [ is the decision function W (F) (5) critical domain in which
the main hypothesis H, is rejected; the interval [T, ,1] is the decision function W(F) values domain
when the main hypothesis (a given fragment contains an object image) is accepted.

At the training stage, it is proposed to choose the decision function W (F) (5) maximum value as a
threshold value T, , obtained by analyzing fragments F that do not contain an object image and are
located in a given training area L on a frames sequence,

Ty =maxW (F). 9)

FclL
To reduce the false selections amount of the sea surface fragments as containing an object image, it

is proposed to use the following modified threshold value T, :
Ty =maxW (F)(1+e), (10)

where ¢ —a small positive number, for example,
£=0.01. (11)

3. THE COMPUTATIONAL EXPERIMENTS

The computational experiments were carried out to evaluate the developed method operability for
selecting the frames fragments containing an object image. The study was carried out at different values
of the fragment dimension, the threshold value T_ (7) which characterize the sea surface images

variability, as well as at different amount K of analyzed sequential frames (the frames amount in the
block).

For conducting the computational experiments we selected the Videol, obtained from open Internet
sources, which first frame is shown in Figure 1. The Videol contains images of a fairly fast moving boat
on a relatively calm sea surface.

Figure 1 shows the learning and detection areas marked in the first frame of the Video 1.
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Fig. 1. The learning and detection areas (the first frame of the Video 1)
Puc. 1. Obnactu oOyuenus u oOHapyxeHus (nepsoiid kaap Videol)

Table 1 shows the critical domain boundary values T, (threshold value) obtained at the training

stage when analyzing fragments of the Videol frames in the training area shown in Figure 1, with the
various developed method parameters: such as the frames amount K in the block, the analyzed fragments

dimension M, =M, and the threshold value T_ (7).

Table 1
The critical domain boundary T, , the Videol frames
Tabauya 1
I'pannna T, xputHyeckoi odnactu, kaapsl Buaeo Videol
TU
M, 0.7 0.75 0.8 0.85 0.9 0.95
The frames amount in the block, K =5
5 0.9954 0.9954 0.9954 0.9954 0.9954 0.9954
10 0.9714 0.9714 0.9714 0.9714 0.9714 0.9714
15 0.9411 0.9411 0.9411 0.9411 0.9411 0.4835
20 0.9236 0.9236 0.9236 0.9236 0.7061 0.2462
The frames amount in the block, K =10
5 0.9863 0.9863 0.9863 0.9863 0.9863 0.9863
10 0.9153 0.9153 0.9153 0.9153 0.7175 0.4317
15 0.8913 0.8913 0.8913 0.6133 0.5188 0.2149
20 0.8347 0.7548 0.5809 0.4105 0.3138 0.1094
The frames amount in the block, K =15
5 0.9701 0.9701 0.9701 0.9701 0.9701 0.9014
10 0.8944 0.8944 0.8383 0.7779 0.4612 0.2776
15 0.6746 0.5730 0.5730 0.3943 0.3335 0.1381
20 0.6951 0.5390 0.3734 0.2639 0.2017 0.0703

In Table 1, the critical domain boundary values T, are marked in gray, which do not change when

the threshold value T_ decreases (7).

To estimate the developed method operability, it is advisable to use the type Il error probability
when the sea surface fragment is selected as an object image and not to estimate the type | error
probability when a separate fragment containing an object image is not selected), since for solving the
problem considering in this paper there is no need to identify the location of all object fragments, but it is
sufficient to indicate the presence of the separate object fragments on the frame.
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The type Il error probability is calculated based on the following ratio:

N
P= (12)

S

where N, —is the selected fragments amount that do not contain an object image (falsely selected), N, —

is the fragments amount in the detection area that do not contain an object image (fragments of the sea
surface).

Table 2 shows the type Il error probability values obtained at the detection stage when analyzing the
Videol frames fragments in the detection area shown in Figure 1, in accordance with the developed
method parameters values given in Table 1. When conducting these computational experiments the &
value (11) was chosen to be 0.01 to modify the critical domain boundary value (10).

Table 2 does not contain the values corresponding to the developed method parameters given in
Table 1, with which the fragments containing the object images were not selected. This result is caused,
first of all, by the critical domain boundary value being close to unity values (see Table 1), which were
obtained as a result of the presence in the training area of the small sea surface fragments that practically
do not change from frame to frame.

Table 2
The type Il error probability (£ =0.01), the Videol frames
Tabauya 2
BepositHocTh ommmbku 2-ro poaa (& =0,01), kaapsl Bugeo Videol
TO'
M, 0.7 0.75 0.8 0.85 0.9 0.95
The frames amount in the block, K =5
10 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
15 0.0330 0.0330 0.0330 0.0330 0.0302 0.0440
20 0.0316 0.0316 0.0316 0.0316 0.0316 0.0474
The frames amount in the block, K =10
10 0.0207 0.0207 0.0207 0.0181 0.0155 0.0078
15 0.0165 0.0165 0.0165 0.0275 0.0137 0.0440
20 0.0053 0.0158 0.0211 0.0526 0.0316 0.0474
The frames amount in the block, K =15
5 0.0032 0.0032 0.0032 0.0032 0.0032 0.0063
10 0.0155 0.0142 0.0310 0.0181 0.0259 0.0103
15 0.0934 0.0824 0.0330 0.0357 0.0137 0.0440
20 0.0105 0.0105 0.0263 0.0526 0.0316 0.0474

It should be noted, analyzing the data given in Table 2, that with the fragments dimension M, =10

and the frames amount in the block K =5, the developed method made it possible to detect the object
fragments with the type 1 error probability P, =0. The remaining values of the type Il error probability

in Table 2 correspond to a certain amount of correctly selected fragments.

Table 3 shows the type Il error probability values obtained at the detection stage when analyzing the
Videol frames fragments in the detection area shown in Figure 1, in accordance with the developed
method parameters values given in Table 1. When conducting these computational experiments the &
value (11) was chosen to be 0.05 to modify the critical domain boundary value (10). Table 3 does not
contain the values corresponding to the developed method parameters given in Table 1, with which the
fragments containing the object images were not selected.
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Table 3
The type Il error probability (£ =0.05), the Videol frames
Tabauya 3
BepositHocTh ommmbku 2-ro poaa (& =0,05), kaaps! Bugeo Videol
TO'
M, 0.7 0.75 0.8 0.85 0.9 0.95
The frames amount in the block, K =5
15 0.0000 0.0000 0.0000 0.0000 0.0000 0.0192
20 0.0000 0.0000 0.0000 0.0000 0.0211 0.0474
The frames amount in the block, K =10
10 0.0000 0.0000 0.0000 0.0000 0.0103 0.0078
15 0.0027 0.0027 0.0027 0.0247 0.0027 0.0192
20 0.0000 0.0053 0.0105 0.0368 0.0211 0.0474
The frames amount in the block, K =15
10 0.0000 0.0000 0.0194 0.0142 0.0246 0.0103
15 0.0797 0.0687 0.0302 0.0330 0.0027 0.0192
20 0.0105 0.0105 0.0105 0.0368 0.0211 0.0474

Note that all the type Il error probability values, given in Table 3, are obtained in the presence of
correctly selected object fragments.

Thus, the data given in Tables 1 and 2 demonstrate that the developed method makes it possible to
select frame fragments containing the object image with the type Il error probability P, =0.

It is assumed that when analyzing videos containing an image of a more agitated sea surface than on
Videol, the type Il error probability will be zero or have lower values than in Tables 2 and 3, with various
parameters of the developed method.

As an example of detecting the object fragments with the type I1 error probability P, =0, the Figure

2 shows in white the fragments which are classified as fragments containing an object image based on the
developed method with the following parameters:

- frames amount in a block, K =10,

- dimension of the analyzed fragments, M, = M, =10 pixel,

- threshold value characterizing the variability of sea surface images, T_ =0.85,

- the ¢ value (11) used to modify the critical domain boundary value (10), & =0.05.

Fig. 2. Fragments selected as containing an object image, when K =10, M, =M, =10, T, =0.85,

¢ =0.05
Puc. 2. ®parmeHTbl, BBIICTICHHBIC KaK COJIEpIKaIUe H300paKeHHE 00bEKTa,
npu K =10, M, =M, =10, T_ =0.85, £ =0.05
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Figure 2 shows that the fragments containing the image of the boat swirl are attributed to the object.
Since these fragments characterize the presence of an object in the image, it can be assumed that with the
specified parameters of the method in Figure 2, only fragments containing the object image are selected.

Thus, the results of computational experiments show that the developed method for detecting the
objects on the agitated sea surface allows to select fragments containing object images, and the developed
method does not allow false selection of fragments that do not contain an object with certain values of the
method parameters.

CONCLUSIONS

The method for the objects detecting on an agitated sea surface video based on the observation that
in neighboring video frames the object image often changes less compared to fragments of the sea surface
image is proposed in this work. In the proposed method, to detect an object, data about the object size, its
shape, changes in its brightness on frames, etc. are not required.

The main hypothesis is formulated in the paper: the object image is present in a given frame
fragment, to verify the implementation of which the set of the frame fragments is divided into two classes
based on the analysis of the features values obtained as a result of calculating the cross-correlation
coefficients values of the corresponding fragments on the video subsequent frames. A corresponding
decision function has been developed that can be used to estimate the variability of a given fragment on
the subsequent video frames.

A decision rule has been developed based on the proposed decision function, in which a threshold
value (the critical domain boundary) is applied, determined at the training stage when analyzing the
frames sequence fragments containing only the agitated sea surface image.

The efficiency of the developed objects detection method on the agitated sea surface is
demonstrated based on computational experiments. The analyzed video contains images of a fairly fast
moving boat on a relatively calm sea surface. Computational experiments were carried out at various
values of the developed method parameters. The values of the decision function critical domain boundary
obtained at the training stage and the corresponding values of the type Il error probability at the detection
stage are given. The type | error probability were not evaluated in the work, since in the problem under
consideration it is sufficient to detect several separate object fragments on an agitated sea surface video
frame. The presented computational experiments results demonstrate that the developed method makes it
possible to detect the object on video frames with the type 1l error probability equal to zero.
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Ypcoa Jenuc BiaaauMupoBuy, KaHAUIAT TEXHUYECKAX HAYK, HHKEHEP-TIPOTPAMMHUCT
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