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IIpononyemvcsa anzopumm ypaxyeanns ounamicu cyoua,
wo onepye, 0as memody nonepedxycenns simxnenv <Velocity
Obstacles. Ileii anzopumm 3abesneuye ocnogy 0as eubopy
CRIIbHUX MAHEBPI6 KYPCOM 1 WUOKICMIO i3 3A0aHUM NOUAMKOM
0711 PO3X00JHCEHHS 3 0CKINLKOMA <ULNIAMUY> WTAXOM BUIHAUEH -
Hs Memooom nepedopy npedcmasHuubkoi MHONCUHU OONnYCmu-
Mux eapianmie manespy. Jlns sacmocyeanms memoody nepebopy
sudinaiomvca dianazonu 3minu napamempie manespy (kypcy i
weuoxocmi) i nPoBOOUMBCsL ix QUCKpemu3auis 3 00CUMb MATUM
xpoxom. JIns 6cix nap Ouckpemnux 3naues IMinu KyYpcy i meuo-
KOCmi 3 YpaxyeanHsm OUHAMIKU CYOHA 3HAXOOUMBCS MPAEK-
mopis i mpueanicmo Manespy 3 USHAMEHHAM HA MOMEHM 1020
3aKinvenHs MiCYs CYOHA i <yineil>, @ MaKoic 6CMAH0BII0EMbCSL,
wu Gyode 6iH CYnPoBoICY8amucs nepemurom 0omenie nebesnexu
<uineii>. xuo nemae nepecivenns jHooH020 3 Maxux 0omenis,
mo eapianm manespy eaxcacmvcs donycmumum. Ompumana
npu nepedopi cyKynHicmo maxux CRiloHUx 3MiH Kypcy i meuo-
KOCmi Yymeopioe MHOJNCUNY 0ONYCMuMux eapianmie mamespy.
ITpu 3naxodcenni yiei muoscunu Ounamixa cyona 6paxoeyemo-
¢ cnpoweno. Beajcaecmvcs, wo nogopomu GuKOHyOMbCA 3
NOCMIUHOI0 KYMO0B010 WeUOKICmIo, 3IMIHY AiHilHOT weudxocmi
npuU 2aIbMYEAHHT MONCHA NPEOCMAGUMU CIMENEHEBUM NOJIHO-
MOM Opy2020 NOPAOKY, a 3IMIHU KYPCY | WUOKOCHI 8 CRITLHOMY
Manespi nezanexcHi. Y <uineil> 6UKOPUCMOBYIOMLCA KPY206i
domenu nebeznexu, yenmp AKUX 3MiujeHull 6i0 ueHmpy macu
<«uini» 6 6ix noca na 1/3 wacmuny padiyca domeny. B yei paoiyc
6HeceHa nonpasKa Ha po3Mipu <uiiis i Cyona, uwo onepye.

JInsnepesipxu ompumarnozo anzopummy 6yna ckaadenanpo-
epama na moei <Borland Delphi>. Pospaxymnxu no wiii niomeep-
Junu npavezoamuicmo aneopummy. Bin dozeonse 6 peanviomy
4aci 3HAxX00UmMu MHOJNCUNY 6eKMOpi6 weudxocmeil 0Jist pO3xX00-
JCEHNSA 3 YPAXYBAHHAM OUHAMIKU CYOHA, wo 00360J1€ Ni0GU-
wumu mounicmo npoznosy i besnexy mameepie. Buxopucmanns
Y <uinell> 3mMiueHux, Kpy206ux 0omenie nebesnexu 0ae Modic-
JIUGICMb 6PAX06YEAMU HEOOHAKO8Y CIMYNitb PUSUKY NPU Nepeci-
YenHi ix Kypcy no Hoci i no Kopmi

Kmouosi cnosa: nonepedsicenns 3imxnens, memoo nepeoo-
DY, MHOMCUHA OONYCMUMUX 6APIAHMIE, AZOPUMM YPAXYEAH-
Hs Qunamixu
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1. Introduction

Among the components of scientific and technological
progress at present is the development and introduction of
unmanned vehicles, including autonomous marine vessels
(ASV). To be operational on sea routes, such a vessel must be
equipped with a collision avoidance system (CAS) respon-
sible for divergence from other vessels in accordance with
International Rules for Preventing Collisions at Sea-72. This
task is complex, as the proper level of safety has not yet been

Copyright © 2019, A. Aleksishin, A. Vagushchenko, O. Vagushchenko, Y. Kalinichenko
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achieved even for conventional, not autonomous, vessels.
About 150 large ships collide in the world each year, about 3
of them sink. Technical losses from collisions are enormous.
Among the measures taken to reduce the number of such
accidents, the following are worth mentioning. The Inter-
national Rules for Preventing Collisions at Sea (COLREG)
have been introduced, which are mandatory for all ships
of varying affiliation. In coastal areas of heavy navigation,
they have been tightened by national requirements. Vessels
are equipped with powerful integrated bridge systems that



use electronic mapping navigation and information systems
to facilitate the selection of divergence maneuvers based on
mapping information. Practical all entries to all major ports
and transit areas of heavy navigation are equipped with ship
traffic control and monitoring systems using satellite navi-
gation and communications. The E-Navigation development
program is being implemented, which would make it possible
for all participants of maritime transportation process to
contact each other at any time. And yet, despite constant
progress, the issue on preventing collisions of ships remains
unresolved. There are many reasons: unfavorable weather
conditions, navigation obstacles, heavy traffic; subjectivity
of assessing the situation and making decisions. Therefore, it
is still a relevant task to undertake a research aimed at devel-
oping methods to improve the efficiency of ship divergence
processes at sea.

2. Literature review and problem statement

The general characteristic of autonomous collision pre-
vention in shipping, with the provision of a series of its the-
oretical foundations, is given in work [1]. It discusses both
classical methods based on mathematical models and algo-
rithms, as well as methods based on artificial intelligence.
One of the methods proposed to solve the task on ASV
divergence is VO — Velocity Obstacle. Underlying it is de-
termining the set of a robot’s velocity vectors that result in a
collision against obstacles given the permanent character of
their motion parameters. The region of unacceptable velocity
vectors, corresponding to a single obstacle, is a sector (a cone
in 3-dimensional space) of dangerous relative robot courses.
By selecting the end of the velocity vector outside the cones
that match all the obstacles, one can avoid collision.

Paper [2] proposes an algorithm for avoiding collisions of
ships, which makes it possible, by using the VO method, to
find the maneuvers of divergence that meet the requirements
by COLREG. A solution to the problem is based on splitting
the velocity space of OS (own ship) into four areas, and de-
termining in which of them one should not choose the ends
of velocity vectors. There are the unresolved issues on taking
into consideration the dynamics of a maneuvering vessel and
determining the regions of acceptable maneuver parameters
values, in rapprochement situations with several ships. The
ways of taking into consideration national requirements
were also not considered.

Note that some authors termed the VO method dif-
ferently. Thus, in a series of studies it is given as “collision
cones”, in article [3] — as “prohibited speed maps”, and as the
“generalized speed obstacles” — in paper [4]. These studies
addressed various aspects in applying the VO method and
were conducted without taking into consideration the iner-
tia of an operating object.

Work [5] describes one of the experimental samples of
an on-board collision prevention support system. It uses a
model of visualization of the convergence of ships to select
the course and speed maneuvers. The main requirement to
this model was to facilitate the evaluation and selection of
waterway divergence maneuvers. The dynamics of an op-
erating vessel were also not taken into consideration in its
development.

A procedure to prevent collisions with multiple vessels
based on the VO method is described in [6]. This procedure
is used to draw up a divergence plan, followed by determin-

ing a route to the port of destination. The dynamics of an
operating vessel is also not taken into consideration.

The VO method is also used in a multi-agency approach
to solving divergence problems. An example is paper [7],
which, routinely, does not deal with issues related to ac-
counting for dynamics.

Thus, various options are proposed to use the VO an-
ti-collision method to facilitate assessing ship convergence
situations and to select divergence maneuvers. However, the
dynamics of vessels are not taken into consideration in solv-
ing the tasks set. Therefore, the proposed procedures do not
make it possible to ensure the required accuracy in the calcu-
lation of maneuver parameters, especially for large-capacity
vessels. The margin of error in the predicted distance of the
shortest approach could reach 0.5 miles due to neglect of in-
ertia for these vessels. In addition, target danger domains are
used to form sectors of unacceptable relative courses, which
do not take into consideration the greater risk of crossing
their course on the bow than on the stern.

3. The aim and objectives of the study

The aim of this work is to improve the anti-collision
method “Velocity Obstacle” in relation to maritime nav-
igation by taking into consideration the dynamics of an
operating vessel.

To accomplish the aim, the following tasks have been set:

—to analyze the possibility of deriving a region of ac-
ceptable maneuver options, taking into consideration the
dynamics of a vessel by determining its boundaries;

— to devise a numerical method for defining a set of speed
vectors that are safe for divergence;

—to verify the validity of the results obtained on the
basis of the proposed method.

4. Methods and materials for solving the set problems

4.1.Deriving a region of acceptable maneuver op-
tions based on the dynamics of a vessel by determining
its boundaries

In order to be able to choose controlling influences,
it is often necessary to obtain regions of their acceptable
variants. The VO method is also based on determining the
regions of unacceptable velocity vectors (RUVV) for diver-
gence. When there is a single “target”, this region is a sector
of relative dangerous courses, whose boundaries depend on
the shape taken by a “target” danger domain. “Targets” can
use target’s domains of danger (TDD) that can be of differ-
ent types [8]. The option of changing a course together with
velocity is considered permissible in terms of divergence at
a distance at the closest point of approach (DCPA) if an OS
does not cross any of the “target” domains. The principle of
deriving a sector of dangerous relative courses (SDRC) for
TS with a circular non-displaced domain without taking
into consideration the OS dynamics is illustrated in Fig. 1.
The divergence would be safe if one chooses the end of the
OS velocity vector outside of SDRC.

When using the VO method, the region of unacceptable
velocity vectors for DCPA for diverting a single vessel is a
sector of dangerous relative courses (SDRC). This sector is
determined by its peak and boundary courses, which are cal-
culated analytically through simple expressions [2]. When



there are several vessels, RUVV is derived as a combination
of such regions for individual vessels. RUVV for several
vessels can be represented by the polar diagram (Fig. 2) that
matches the beginning of an OS maneuver, which includes
parts of SDRC that enter a circle with the radius equal to
the maximum OS velocity. The angular scale of the diagram
shows the changes in the course to the right and left, and the
linear scale — the OS velocity values. This diagram makes
it easier for the operator to choose the right maneuver for
divergence. An example of a polar diagram with a range of
course changes from —90° to +90° for an event with 5 TSs is
shown in Fig. 2.

Sector of dangerous
relative courses (SDRC)

Course for diverting TS at distance
0 by crossing its course on the stern

Velocity vector for diverting TS
at distance o by changing K and V

oS

Fig. 1. A relative dangerous course sector for selecting
divergence maneuvers: K, Vo — OS course and velocity
before a maneuver; Kts, Vrs — TS course and velocity;

A

& — the limit of permissible values for the distance at the
closest point of approach

Fig. 2. Polar diagram of velocities at a range of course
changes from —90° to +90°

Until now, when solving problems on diverging, the
regions of maneuvers that were unacceptable for divergence
were represented only by their boundaries. Therefore, in the
beginning, to take into consideration the inertia of OS, we
analyzed the option of deriving RUVV by correcting the
boundaries of sectors of dangerous true courses (SDTC),
calculated without taking into consideration the inertia of
OS. Let us consider the principle of solving this problem
using a single “target” as an example (Fig. 3).

According to SDRC for this “target” for a specific value of
Vj, the sector of dangerous true courses can be defined as shown
in Fig. 3. To clarify the boundaries of SDRC, it is possible for a
series of velocity values to find SDTC taking into consideration
the OS dynamics [9]. In Fig. 3, such SDTC are marked on the
circles corresponding to V, and V}, with bold arcs. By calcu-
lating, for several OS velocity values, the positions of the ends
of such arcs and by connecting the related ones to one SDRC
boundary, we shall derive it taking into consideration the OS
dynamics. However, this line will no longer be straight.

SDTC
for velocity Vi,

The developed algorithm for determining the boundaries
of RUUV for a single “target” includes the following oper-
ations.

One finds a moment when an OS comes to the starting
point of a maneuver. At this point, the coordinates of the
“target” are calculated. Based on the start point of the OS
maneuver, the course and velocity of the “target” (Fig. 1),
the coordinates of the SDRC peak are calculated.

Based on the position of this peak, the coordinates of the
“target” and the radius of its domain, one determines the
directions of SDRC boundaries. The coordinates of the peak
and direction of the boundaries completely determine SDRC
without taking into consideration the OS dynamics.

The dynamics of an operating vessel are then taken into
consideration. In the interval of possible OS velocities at
divergence, four equally spaced velocity values V; are se-
lected. For each of them, by using the SDRC parameters,
one finds the directions of SDTC boundary (Fig. 3). The
OS course before a maneuver determines the turning angles
that correspond to these directions. They are considered
to be the initial approximations of SDTC when calculating
the boundaries of this sector, taking into consideration the
inertia of OS.

V; and the resulting turning angles are used, in line with
a simplified OS dynamics model, to find the increments
of coordinates during the maneuver and the time spent on
it. These data are applied to calculate the end point of a
maneuver when OS moves relative to TS. The coordinates
of this point and the coordinates of TS are employed to
calculate the direction of tangents to the domain and the
first approximation of directions of the SDTC boundaries. If
necessary, these directions and the OS course are used again
to calculate turning angles, and a second approximation for
the boundaries of SDTC is derived. Two approximations
would typically suffice to derive these boundaries with an
accuracy of up to 1°.

The values of V; and the corresponding SDTC boundar-
ies are employed to find the points (the ends of bold arcs in
Fig. 3) of SDRC boundaries, taking into consideration the
dynamics of a vessel. By connecting the SDRC peak and
the neighboring points derived for the SDRC boundaries in
straight segments, we obtain the boundaries of SDRC taking
into consideration the dynamics of the vessel.

The given procedure can be used to represent RUVV on
a CAS screen to select maneuvers in a dialogue mode with
this system. However, this procedure does not make it pos-
sible to highlight, using a computer, options in the regions
of acceptable parameters of the maneuver that, in a varying
degree, correspond to IRPCS. Typically, this would require
determining options with a high, medium, and low priority
for divergence. In addition, when applying the proposed



procedure, the RUVV boundary expressions for
events involving multiple “targets” become cum-
bersome, rendering them impossible to use when
calculating maneuvers using a computer.

Enter values for the coordinates of position
and motion of OS and TC and other data
characterizing the event

4. 2. A numerical method for calculating a set
of velocity vectors that are safe for divergence

Another method has been proposed to derive
RUVYV, free from the shortcomings described
above. This method implies mathematical nota-
tion of the region of velocity vectors, unaccept-
able for divergence, via a representative set of its
discrete values. To derive a given set, we sample
the ranges of changes in the OS velocity and
course at a small enough step (Ay — for velocity,
Ay — for course). The number of discrete values
within these ranges shall be ny and ng, the ran-
domly selected values in them — W, 6, and the
maneuver option corresponding to them — u(, j).

1

Calculate coordinates for the point of maneuver
start, the moment OS reaches it, coordinates of
"targets" at this moment

1
| Cycle i |

from 0 to ny

W=i-Ay
|
| Cyclej ’

from 0 to ngy

1]

To determine the set of valid options p(i, j)
for all pairs of values Wj, 6j, taking the OS dy-
namics in consideration, one finds the trajectory
and duration of the joint change in course and
speed. This procedure calculates the position of

6j=§+j -Ag. Calculate the trajectory and duration of a maneuver with
parameters W, 6;, of coordinates of its end point, the moment OS
reaches this point, coordinates of the "targets" position at this
moment. Estimate the danger of too close a rapprochement with

"targets" after a maneuver

OS and “targets” at the end of the maneuver, and
determines whether it would be accompanied by
an excessive rapprochement with the “targets.” If
avariant u(i,j) is safe in relation to all “targets”, it
is assigned a value of “1”, or otherwise — u(i, j)=0.

Each of the options identified at sorting, per-
missible by DCPA, can be checked for compliance
with COLREG. This is performed by using some
formative version of these rules [10, 11]. The re-
sult is the selected variants with a high, medium,
and low priority for application. A generalized
block diagram of the algorithm to obtain a set of
valid maneuver options is shown in Fig. 4, where
6 is the limit to a change in course to the left.

To reduce the time for sorting maneuver op-
tions, it is advisable to use analytical expressions
to predict it. The situations with an actual threat
of collision, considered in this paper, are not ex-
treme and do not require “strong” maneuvers to
be resolved. It is believed that for divergence,
the turns will be performed at a specified radius,
roughly corresponding to the clutch of the steering
wheel of 15°, while the speed will decrease under a “rear small
move” mode. Under such a condition, the assumption about
the independence of these processes can be used to simplify
the prediction of the turn together with a change in velocity.
Analytical expressions to calculate the parameters of these
processes separately can be borrowed from many sources.

4. 3. Verifying the validity of results obtained based
on the proposed numerical method

To verify the results of our study, a program in the Bor-
land Delphi language was developed to simulate the pro-
cesses of divergence. DCPA-permissible collision-prevention
maneuvers are derived in it by using circular “target” danger
domains, whose center is shifted from the TS mass center
toward the stern by 1/3 of the TDD radius. To determine
this radius, the following expression is used

7’=6p+AL.

No Unacceptable
maneuver option

Yes

Check (i) for compliance with
COLREG
1
Ji=t+1
Cycle j
—T——
i=it+1
Cycle i
———
Construct a diagram of velocity vectors
acceptable for divergence

End

Fig. 4. Block diagram of the algorithm for determining a set of

velocity vectors acceptable for divergence

Here, §p is the safe distance limit §,, introduced to
CAS, along water surface between the nearest OS and TS
points; A;=(Los*L7ts)/2 is the adjustment to the size of
vessels, where Log, Lys is the length of OS and TS. Such
TDD is determined only by its radius and takes into con-
sideration the greater risk of the TS crossing at the stern at
a divergence.

The OS dynamics are taken into consideration simplis-
tically. It is believed that the OS turn takes place at a pre-
defined radius, and the process of changing V at braking is
described by expression

V=V, +at, +ayt’,

where t; is the braking time.
In this case, the distance that is traveled at braking is

S=Vit. +atl/2+a,t’ /3.



The a4, as coefficients can be found from the data on field
tests, given on the OS form of maneuver characteristics —
the time (z4p) and distance (Sap) of braking from velocity
V4 to velocity V. By substituting these data in expressions
that describe the velocity and traveled distance, we obtain a
system of two linear equations from which the values a; and
as are determined.

2
Lapty +La0, =V, =V,

£ £
AB AB
“ag+22a,=Vit..—S,,.
2 1 3 2 0“AB AB

The program was used to define RUVYV in situations
with multiple “targets” at different types of OS convergence
with dangerous TS: on opposite courses, on intersecting
courses, when overtaking. The OS in these events acted
both as a ship giving way and a vessel that should maintain
course and speed. The program-based calculations have
proven the effectiveness of the approach used. Below are the
results from simulating only a single process of divergence of
ships, where a rectangular diagram of divergence velocities
(Fig. 5) is defined in the situation involving six vessels. The
parameters of their mutual location and rapprochement are
given in Table 1, where L is the length of the ship; B, D are
the “target” bearing and the distance to it. Dangerous in this
situation is TSy. In calculating this diagram, it is accepted:
8p=>5kb; steps in change of 8 and Ware 1° and 1 knot, respec-
tively. The cells that meet the DCPA-compliant maneuver
parameters have been crossed out.

Table 1
Parameters of mutual location and rapprochement of ships
arameter

OS | TSy | TSy | TS3 | TS: | TSs
Vessels
L,m 220 250 140 175 330 80
B, degrees - 78 99 287 16 358
D, kb - 69.1 58.7 18.5 | 494 66.3
K, degrees 35 293 302 116 217 26
V, knots 17.0 19.1 17.3 14.8 10.1 15.8

The accepted generalized quality indicators of the pro-
posed method are an estimate of the reduction in the error
of DCPA forecast compared to determining RUVV without
taking into consideration the OS dynamics, and the time
spent to derive RUVV. The second indicator is important
because a divergence maneuver must be performed in real
time. Based on the results of RUVV calculation, taking into
consideration and disregarding the dynamics of the vessel, it
was found that the error of DCPA in the first case does not

exceed 15 % of the error in the second. The time to calculate
the velocity diagrams on a personal computer at 74<200,
nw<30 for situations in which the number of “targets” did
not exceed ten, was no more than 0.5 s. This time indicates
the possibility of obtaining RUVV in real time.

5. Discussion of results of studying the improvement
of the Velocity Obstacle method by taking into
consideration the dynamics of an operating vessel

Procedures for obtaining regions of acceptable options
for maneuvers, joint in course and velocity, taking into con-
sideration the dynamics of an operating vessel for situations
with several “targets” have not yet been proposed. Here are
two variants for solving task. A first method is based on
determining the boundaries of the region of unacceptable
maneuver options in relation to one “target.” The principle
of determining the points of these boundaries is shown in
Fig. 3. Limitations on this variant of RUVV determination
are noted in chapter 4. 1. This method can be used to select
maneuvers by skippers under a mode of dialogue with CAS.

A second method is based on determining a change in
course and speed within a discrete set of possible pairs of val-
ues for its parameters taking the vessel’s dynamics into con-
sideration. The algorithm of this method is shown in Fig. 4.
When determining RUV'V, one takes into consideration the
size of a vessel and “targets” and the lower risk of crossing
their course on bow at divergence. The result of our numerical
experiment, according to the developed algorithm, is the sets
of acceptable variants of joint maneuvers were, one of which is
shown in Fig. 5. The generalized quality indicators for the pro-
posed method are given in chapter 4. 3. Each variant of the ac-
tion for divergence that is predicted during a sorting process,
can be analyzed to the extent of compliance with COLREG.
Such an operation makes it possible, by computation, to de-
termine effective maneuvers in CAS. It has been established
that the use of the developed method makes it possible to
determine maneuvers to evade a collision with several vessels
in real time. Let us emphasize that the task accomplished is
aimed only at facilitating the choice of action to evade danger.
This task is an important part of identifying strategies for
divergence with joint course and velocity changes. Such strat-
egies should include not only a collision evasion, but also ac-
tions to return to the route to a port of destination. When they
are synthesized, one should establish the sequence of actions
necessary for the divergence, the values of the parameters, and
the initiation points of these actions. Identifying divergence
strategies that include changes in course along with velocity
is the goal of our further work. At its first stage, it is expected
to construct methods for the synthesis of two step-by-step
strategies optimal in terms of the loss of running time.

K/V |50 |48 |46 |44 (42 |40 |38 (36 |34 (32 |30 28 26 |24 (22 |20 (18 |16 (14 |12|10 | 8 | 6 | 4 0]2(4]6|8[10]12 |14 |16 |18 |20 22 |24 |26 |28 |30 |32 (34 36 |38 |40 |42 |44 |46 48 |50
17 X X X X XX X XXX XX

16 X X X X X X X X X X X

15 XX X XXX XX

14 X X X X X X X X X

13 X X XXX XX XX X
12 X X X XX X XXX X X
11 XXX XXX XKXKXXKX X X X
10 XX XEXXXKXXXKXXKXKXKX X X X X
9 XX XX XXX XKXXKX X X X X X X
8 X X X X X X X X
7 X X X X X X X XXX X
6 X XX X XXKEXEKEXXEXKXKX
5 XX XXX XXXXXXXXXXXXXKXKX

Fig. 5. Rectangular velocity diagram with a range of changes in course from —50° to +50°



Such methods should be built considering the dynamics
of a vessel, the COLREG requirements for situations with
multiple “targets” and navigational obstacles. A detailed as-
sessment of results from solving a general problem, using the
method proposed in this paper, is planned after constructing
the methods for the synthesis of two step strategies optimal
in terms of the loss of running time.

6. Conclusions

1. A mathematical procedure has been proposed to de-
termine the boundaries of the region of values, acceptable
at divergence, for parameters of a joint maneuver by course
and velocity, taking into consideration the dynamics of an
operating vessel. Displaying this region on a CAS screen
would make it easier for the watch assistant to choose such
maneuvers under a mode of dialogue with the system and

to avoid the errors associated with disregarding the ship’s
dynamics.

2. We have developed a numerical method for finding,
taking into consideration the inertia of a vessel, a set of ac-
ceptable variants for a joint maneuver by sorting its possible
options. At sorting, each of the valid options can be analyzed
for the degree of compliance with COLREG. Executing such
an operation makes it possible to make recommendations in
CAS on divergence considering these rules.

3. The Borland Delphi-language program has been devel-
oped in order to simulate ships divergence processes, making
it possible to obtain, based on the constructed numerical
method, a set of possible variants of maneuvers for events in-
volving several ships. The calculations that were performed
by applying this program for a different number of “targets”
in different situations of OS convergence with dangerous TS
have confirmed the effectiveness of the developed method
and a possibility to obtain real-time results when using it.
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