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The problem of analyzing data from the automatic identification sys-
tem (AIS) in order to highlight typical situations where vessels meet
at sea and identify the actions of navigators to diverge in these situ-
ations is discussed in the paper. This problem has become relevant
recently due to the need to have a base of reference actions for test-
ing the systems of autonomous shipping (SAS), the interest in the
development of which has recently only increased in connection with
the creation of maritime autonomous surface ships (MASS). The AIS
data analysis algorithm consists of preliminary stage of data filtering
and two main stages. At the preliminary stage, data containing errors
that significantly complicate subsequent analysis and are associated
with incorrect information are excluded. It has been revealed that
such data can constitute up to 10% of the total information. Further,
at the first stage of filtering, the vessels whose navigation status does
not imply movement or their speed is less than 3 knots are eliminat-
ed. At the first stage of filtering, the number of records on navigation
status per day reduces from 1.5-2 million to 0.4-0.5 million. The sec-
ond stage of filtering is the analysis of typical interaction of vessels
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under the crew control in various conditions and situations. The task
of this filtering stage is to select groups of vessels according to the
following criteria: timestamp and location of the vessel; the latter
must correspond to a given range for the estimated distance
between vessels, which is selected from a number of pre-determined
options. Thus, as a result of filtering, three typical scenarios are
selected. The first scenario is vessels movement on parallel courses
without and with interaction. The second scenario is vessels move-
ment on reciprocal courses without and with interaction. The third
scenario is vessels movement on crossing courses without and with
interaction. During the analysis of typical scenarios and to develop an
approach for testing the SAS of MASS using archival AIS data, nine
typical situations of vessels interaction during a dangerous conver-
gence are considered and described. The approach to testing SAS
IANS proposed in this work includes assessment of time it takes to
complete a given route, deviation from the route and speed mode,
comparison of completed maneuvers and the MASS interaction with
other vessels.
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Introduction

Navigation safety is a key issue in global shipping. This issue
is especially acute when designing and creating unmanned ves-
sels. An important component of this issue is the problem of safe
divergence of vessels at sea. To solve it, first of all, it is necessary
to analyze situations of dangerous convergence of vessels in a real
navigation situation. This will allow you to highlight the maneu-
vers that navigators undertake to avoid collision in various navi-
gation situations. To analyze such situations, it is necessary, first
of all, to obtain a sufficiently large amount of data. One of the
sources of information about situations of possible collisions can
be an automatic identification system (hereinafter referred to as
AIS). Analyzing this information can allow researchers to identify
situations of dangerous convergence and actions to diverge in
these situations.

The AIS, used in shipping, is designed to identify vessels, their
location, movement parameters and other data using radio com-
munication protocols [1,2,3] in the VHF band (161.975 MHz and
162.025 MHz). In accordance with the SOLAS 74/88 Convention,
the AIS is mandatory for vessels of over 300 m* gross tonnage
engaged in international voyages, vessels of 500 m* gross tonnage
or more (not engaged in international voyages) and all passenger
vessels. Smaller displacement vessels and yachts may be equipped
with a Class B AIS receiver. The AIS system is used to identify
other vessels, avoid possible collisions, and also as input data for
vessel tracking management systems (hereinafter referred to as
VTMS)

With the advent of autonomous surface vessels, ensuring the
navigation safety of maritime autonomous surface ships (herein-
after referred to as MASS) has become an urgent task. The concept
of the autonomous shipping functioning involves the implementa-
tion of two main segments - autonomous vessels and remote con-
trol centers for these vessels, which are usually located on the
shore [4]. Their cumulative operation is ensured by specially de-
veloped software and hardware, which in this work are called sys-
tems of autonomous shipping (hereinafter referred to as SAS). The
desire to improve navigation safety has led to the development of
several theoretical and practical approaches to achieve higher
level of safety and efficiency in maritime navigation using AIS
data. Despite the wide range of research methods in this area [5-
10], few studies examine real-world AIS data in a generalizable
context [5-7] and a small number of studies bases their analysis on
well-defined parameters [8-10].

In this paper, it is proposed to use AIS data to analyze the ves-
sels movement under a crew control, in order to compare possible
options when operating vessel by the SAS. The objectives of the
work are to develop an algorithm for processing and filtering data
from AIS, as well as to develop an approach for testing SAS of
MASS using archived AIS data.

Methods and materials

The set of data transmitted via AIS channels and the structure
of their messages is standardized and described in detail in [1,2,3],
and therefore is not presented in this work. AIS messages have
two types - metadata about the vessel and data about its move-
ment. In general, from AIS messages we will select only the nec-
essary information for subsequent analysis, namely:
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Maritime Mobile Service Identity, nine-digit

LA "~ individual number assigned to the vessel
Unique identifier of the vessel in accordance with
MO — the RESOLUTION A.600(15) — IMO SHIP
IDENTIFICATION NUMBER SCHEME
shipType —  Vessel type
navStat — Vessel navigation status
coordinates — Vessel coordinates, WGS-84
SOG —  Speed over the ground
COG —  Course over the ground
ROT — Rate of turn
HEADING - Gyrocompass heading
timestamp  — Time, UTC

In [11], the authors had proposed the use of archived AIS data
to determine the safe speed of autonomous vessels in various nav-
igation situations. The sources of archival and current AIS data for
the Baltic Sea are the following services — [12-13]. The archives
contain information on vessels movement from 2006 to the pre-
sent day; operational data is received (upon request) with a delay
of several minutes. Since most of the archival data is anonymized
and contains limited sets of information, the collection of opera-
tional AIS data was organized. For this purpose, special software
was developed in Python programming language in the Jupyter
Notebook environment. It requests a set of AIS data from a web
service with a period of 1 minute and saves them into a database
for further analysis. The time period was chosen from July 1 to
September 30, 2022, since the specified time refers to the most
intense shipping in the Baltic Sea.

Results and their discussion

AIS data processing algorithm

The proposed algorithm for processing AIS data allows us to
identify various navigation situations and determine the actions of
navigators in real situations of dangerous convergence. A sche-
matic flowchart of the AIS data processing algorithm is presented
in Figure 1.
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stage 3 parameters COG, SOG, ROT
Results for the analysis of typical
7777 ship interaction scenarios
FINISH

Fig. 1. Schematic flowchart of the AIS data processing algorithm
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Preliminary filtering of AIS data (error elimination)

The number of vessels positions according to AIS data for
analysis within one day ranges from 1.5 to 2 million (Fig. 2). How-
ever, some of the data contains errors that significantly complicate
subsequent analysis. These errors are associated with incorrect in-
formation and the location of vessels, timestamps, data repetition,
incorrect vessel identification, the presence of virtual aids to nav-
igation, etc. Such data can constitute up to 10% of the total array;
in this work, they were subjected to forced filtering.

Algorithms for such filtering are quite well known and par-
tially disclosed in [5-10] and are implemented directly by filtering
inside the database using the SQL query language.

Fig. 2. Vessels positions in the Baltic Sea for 1 day (Sep. 2022)
The first stage of filtering AIS data

Since a complete array of AIS data is not required to analyze
the movement, behavior and interaction of vessels with each other,
a filtering stage, which consisted of excluding vessels whose nav-
igation status (AIS parameter - navStat) does not imply move-
ment, i.e. ridded at anchor, moored at the pier, participating in
fishing, etc., is performed. Additionally, the vessels whose speed
is less than 3 knots are excluded. After this filtering stage, the
amount of relevant AIS data for subsequent analysis is reduced to
0.4-0.5 million positions per day.

Building vessels movement routes based on AIS data

At the next stage, using AIS data for each identified vessel, a
route is built using waypoints (AIS parameter — coordinates) in
automatic mode. An example of the constructed routes is pre-
sented in Figure 3. These calculations are necessary to identify ar-
eas in the Baltic Sea water area where ship routes intersect.

o

* -
h&

ﬁ\ \_ Finland

e : < au ja wpils \ y r~
3 : Bljesickan £
ietuva dotinacije. i
& Kaunas — Vilnius .
i, ¥

Ve Shupsk Gdynia s s
s Opwa
o, Elblag Manassenna

Fig. 3. Vessels movement routes in the Baltic Sea for 1 day
(green lines, September 2022)

The second stage of filtering AIS data

Since this work requires an analysis of the typical interaction
of vessels in various conditions and situations under the crew con-
trol, the task of this filtering stage is to select such vessels (groups
of vessels) according to the following criteria: timestamp (AIS pa-
rameter — timestamp), which must correspond to a specified time
range (for example, 5+10 minutes); the vessel location (AIS pa-
rameter — coordinates), which must also correspond to a given
range for the estimated distance between vessels, which is selected
from among the options under consideration:

— 3+6 miles;

— 1+2 miles;

— The distance corresponding to the stopping distance of the
selected vessel (for example, selected from the vessel maneuver-
ing characteristics booklet);

— Estimated zone of a possible collision between two vessels,
as a parameter R, determined from the linear dimensions (length,
width) of the vessels, positioning accuracy and probable deviation
of the vessel course in the local coordinate system of each vessel
and calculated as:

where:

T-Comm Towm 18. #3-2024
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R _ Estimated collision zone e

Li - length of vessel No. 1 I =

L - length of vessel No. 2 R

Wi - width of vessel No. 1

W - width of vessel No. 2 e

k calculated coefficient = sin (8); f = 5 + S e
1 8°; sin(6°) = 0.105

K calculated coefficient = cos (B); B = 5 + Fig. 5. Typical scenario under consideration No. 1 (vessels movement
2 ~ 8% cos(6°) = 0.995 on parallel courses without interaction, with interaction)

p _ vessel position accuracy

~ 20m, or parameter "accurancy AlS" R

A similar approach was proposed by the authors in [14-16] ] "'5-'-—-7_-:7—57/,_ T
with some changes or additions; the coefficients k 1 and k 2 are TS
determined based on the maneuvering characteristics of the vessel
or by the method of statistical processing of AIS data, namely the =
difference between the parameters “COG” (Course over the
ground) and “HEADING” (Gyrocompass heading) at the moment
the vessel begins maneuvering; according to our data, this differ-
ence in headings is 5+8°; in addition, the vessel ROT parameter,
which determines the turning speed, can be taken into account. "'y

Thus, it is possible to identify groups of vessels interacting
with each other (Fig. 4).

Fig. 6. Typical scenario under consideration No. 2 (vessels movement
on reciprocal courses without interaction, with interaction)

Identification of typical scenarios
for interaction between vessels 7] N

Typical scenarios are presented in Figures 5-7, but are not lim-
ited to them. It is assumed that for identified real cases of vessels
convergence that coincide with typical scenarios, interaction be-
tween vessels may or may not occur.

Fig. 7. Typical scenario under consideration No. 3 (vessels movement
on crossing courses without interaction, with interaction)
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Fig. 4. A sample of AIS data with positions of vessels interacting with each other
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During the analysis and development of the approach for test-
ing SAS of MASS using archival AIS data, various situations are
considered, including.

1. The movement of two vessels on parallel courses. The ves-
sels move in the open sea in the lane of 0.5+0.7 miles wide in one
direction, their speed is constant, the course (COG parameter)
does not have sudden changes; the ROT (rate of turn) parameter
along the entire route under study is 0, the difference in the COG
(Course over the ground) and the HEADING (Gyrocompass head-
ing) parameters ranges from -0.5 to +0.5, which indicates the ab-
sence of vessel maneuvers.

2. The movement of two vessels on parallel courses, with one
of the vessels overtaking the other. The vessels move in the open
sea in the lane of 0.5+0.7 miles wide in one direction, their speed
is constant, one vessel overtakes another without performing any
maneuvers. For both vessels, the course (COG parameter) does
not have any sudden changes; the ROT (rate of turn) parameter
along the entire route under study is 0, the difference in the COG
(Course over the ground) and the HEADING (Gyrocompass head-
ing) parameters ranges from -0.5 to +0.5, which indicates the ab-
sence of vessel maneuvers.

3. Divergence of two vessels on reciprocal courses. Vessels
move in the open sea in the lane of 0.5+0.7 miles wide in recipro-
cal courses, their speed is constant, at one point in time the vessels
diverge without maneuvering, for both vessels the course (COG
parameter) does not have sudden changes; the ROT (rate of turn)
parameter along the entire route under study is 0, the difference in
the COG (Course over the ground) and the HEADING (Gyrocom-
pass heading) parameters ranges from -0.5 to +0.5, which indi-
cates the absence of vessel maneuvers relative to each other.

4. vergence of two vessels on crossing courses. The vessels
move in the open sea in the lane of 0.5+0.7 miles wide, narrowing
at the point of divergence to 0.2 miles in one direction and on
crossing courses. The vessels speed is constant, one vessel is
ahead of the other, the time difference to the point of possible
crossing of the vessels is 5 minutes, the distance to the crossing
point is 3+4 miles, for both vessels, the course (COG parameter)
varies within 5°, the ROT (Rate of turn) parameter along the entire
route under study is 0, the difference between the COG (Course
over the ground) and HEADING (Gyrocompass heading) param-
eters ranges from -0.5 to +0.5 , which indicates the absence of sig-
nificant maneuvers of the vessels relative to each other.

5. vergence of two vessels on crossing courses. The vessels
move in the open sea in the lane of 0.5+0.7 miles wide on crossing
courses; at a distance of 3+4 miles to the point of possible colli-
sion, one of the vessels makes a maneuver, i.e. changes the course
to move away from the crossing point, after 5 minutes the vessel
returns to its previous course with a second maneuver; maneuver-
ing is clearly monitored by the difference between the “COG”
(Course over the ground) and the “HEADING” (Gyrocompass
course) parameters and by changing the “ROT” (Rate of turn) pa-
rameter. The second vessel moves without changing speed, course
and does not perform any maneuvers.

6. vergence of two vessels on crossing courses. The vessels
move in the open sea in the lane of 0.5+0.7 miles wide on crossing
courses; at a distance of 3+4 miles to the point of possible colli-
sion, one of the vessels reduces speed and changes course to move
away from the crossing point; maneuvering is clearly monitored
by the difference between the “COG” (Course over the ground)
and the “HEADING” (Gyrocompass course) parameters and by

o

changing the “ROT” (Rate of turn) parameter. The second vessel
moves without changing speed, course and does not perform any
maneuvers.

7. Interaction of vessels on parallel courses. The vessels move
towards the exit from the port water area in the lane with a variable
width from 0.2 to 0.7 miles on coinciding courses, one of the ves-
sels is ahead of the other with reaching a constant course, the dis-
tance between the vessels is up to 2 miles. Maneuvers of both ves-
sels with changes in speed and course occur; the parameters of
interaction between the vessels are illustrated by AIS data.

8. Interaction of the tanker with the service boat in the water
area to leave the port. The tanker performs several maneuvers,
incl. reduces the speed to 6 knots and changes course several
times; the boat approaches the tanker only with a decrease in speed
and without changing course. The interaction of two vessels at the
meeting point lasts no more than 5 minutes, while both vessels are
moving at a speed of no more than 6 knots. Then the vessels di-
verge on different courses and pick up the required speed. It
should be noted that this situation had occurred at the end of Feb-
ruary, i.e. during the beginning of freezing-over.

9. Interaction of two vessels when diverging on crossing
courses. The vessels move in the open sea at a distance of 3—4
miles (to the point of possible crossing). The peculiarity of this
case is that the vessels do not change their speed; both vessels per-
form the maneuvers only by changing the course of movement. To
diverge, one of the vessels undertakes two course-changing ma-
neuvers at a constant speed. For both vessels, the ROT (rate of
turn) parameter along the entire route under study is 0, which in-
dicates the absence of sharp turns; the maneuvering time when di-
verging is 15 minutes; for the vessel performing the maneuvers
the difference between the “COG” (Course over the ground) and
"HEADING" (Gyrocompass heading) parameters ranges from -5
to +5.

Approach to testing SAS of MASS using archival AIS data

The sets of archival AIS data can be used as initial data for
testing the operation of SAS of MASS. Despite their limitations in
terms of complete coverage of the navigation situation (there is no
hydrometeorological information, radar images, navigation and
hydrographic support, etc.), AIS data is quite sufficient to identify
possible interaction between vessels, incl. groups of vessels in a
real situation, taking into account the actions of the vessel crew
and the possibility of preliminary analysis of maneuvers per-
formed by the crew. Thus, the archival AIS data for a certain ship-
ping area is considered as a model one for setting test tasks for
SAS of MASS, incl. reference tasks for modeling various naviga-
tion situations.

To develop model tasks for testing SAS of MASS, it is pro-
posed to use archival information from AIS for a certain period of
time (for example, 4-8 hours, or for the corresponding range of
ship's AIS receivers and transmitters, i.e. up to 50 km, taking into
account the time of the vessel movement) for water area with
dense traffic of vessels in various directions and with various nav-
igation situations. Model data is pre-synchronized with a fre-
quency of 1 minute and can be transferred to the tested SAS of
MASS using a given protocol to analyze its operation with the
same frequency.

An example of a set of archival AIS data for a period (naviga-
tion situation in the Baltic Sea) is presented in Figure 8. Test tasks

T-Comm Towm 18. #3-2024




Nom-3-2024.gxd

27.03.2024 18:26 Page 55

for SAS of MASS can include a wide variety of navigation situa-
tions, for example, in accordance with the situations described ear-
lier, or others, such as those requiring MASS maneuvering and
those not requiring maneuvering.

An example of a test task to check the SAS of MASS perfor-
mance is presented in Figure 9. The initial location of the vessel,
its performance characteristics (according to the register book),
speed and heading angle are transmitted to the SAS being tested.
For the tested SAS, the task for the vessel to pass to a given loca-
tion is set, but at the same time there is no information on the route,
safe speed, the need of maneuvering, or any other information.
Then, every minute, the tested SAS receives constantly updated
information about other vessels (coordinates, speed, course, etc.)
in the navigation area, which comes from the selected AIS archive.
At the same time, the location and maneuvering parameters of the
model vessel with the crew are unknown in advance to the SAS.

It should be noted that the number of such tasks is not limited
in any way, i.e. there is the possibility of large-scale testing of SAS
of MASS. Thus, the authors in [10], using a special algorithm, had
created up to 1 thousand model situations and ungrouped them ac-
cording to several criteria; it should be noted that only a small part
of the scenarios had a pattern of a possible collision of vessels. In
[17], the authors had proposed a modified approach, namely the
generation of model scenarios based on archival AIS data by mov-
ing the timestamp, which allows creating various situations re-
garding the divergence and interaction of vessels. In [18], the au-
thors had proposed a hierarchical method for assessing the graph-
ical representation of possible vessel interactions with a 15-minute
forecast horizon. In [19], the authors had proposed methods and
models for clustering various navigation situations, which were
further divided into normal and abnormal, on the basis of which
various scenarios for testing MASS were developed.

The analysis of the results of testing the SAS of MASS pro-
posed in the work includes:

— assessment of time it takes to complete a given route of the
MASS under the control of SAS and the crew;

— assessment of deviation from the route of the MASS under
the control of SAS and the crew;

— assessment of speed mode of the MASS under the control of
SAS and the crew;

— comparison of completed maneuvers of the MASS under the
control of SAS and the crew;

— comparison of maneuvers performed by the SAS and the
crew (start, end, rate of turn);

— comparison of the MASS interaction with other vessels in
cases similar to the crew control.

The results of a comparative analysis of the SAS of MASS op-
eration and the crew actions are formalized according to the pro-
posed table, where for each test parameter a criterion assessment
is performed; it can have a qualitative assessment or a quantitative
indicator, for example, in %, or be considered as (not) reaching
the set threshold (critical) value. For all maneuvers undertaken, a
qualitative assessment “Yes/No” is used.

When testing SAS of MASS using archival AIS data, a pro-
gram with tests, which, depending on the goals and scope of test-
ing, contains the following calculation justifications, is first drawn
up:

— m nimum/maximum number of test tasks;

— pecified sequence of tests execution:
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e movement of the MASS on a parallel course without inter-
action with other vessels;

e movement of the MASS on a parallel course with overtak-
ing;

e movement of the MASS on crossing courses without inter-
action with other vessels;

e movement of the MASS on crossing courses with maneu-
vering in relation to other vessels;

— pecial tests.

Table 1
Description of formalized parameters
1 un- o
Ve SAS of Criteria-based
Test parameters der the crew
MASS assessment
control
uantitative assessments
Time it takes to com- .
. deviation
plete a given route Tcrew Tsas
: percentage
(route sections)
Speed on the route deviation
pet Vcrew Vsas
section percentage
. deviation
Vessel heading OCREW Osas v
percentage
Distance to the “dan-
gerous” vessel at the A A deviation
beginning of the ma- CREW SAS percentage
neuver
Maneuver start time Mcrew-1 Msas-1 deviation
percentage
. iation
Maneuver end time Mcrew-2 Msas-2 deviatio
percentage
Turning rate when deviation
. Y crREW Ysas
maneuvering percentage
deviation
Integral assessment
percentage
Qualitative assessments
M dertak
aneuver undertaken Yes/No Yes/No Yes/No
by changing course
Maneuver undertaken
uveru Yes/No Yes/No Yes/No
by changing speed
Maneuver undertaken
by changing course Yes/No Yes/No Yes/No
and speed
Integral assessment Yes/No

Assessment of the SAS operation quality is carried out in real
or accelerated time mode.

Conclusion

To the development of already known approaches [5-10, 15-
19] to processing data obtained from AIS, in this work it is pro-
posed to use data from AIS to analyze movement during poten-
tially dangerous divergence maneuvers of vessels. Processing of
this data will make it possible to develop recommendations to pre-
vent the occurrence of situations of dangerous convergence of ves-
sels, both under the control of a crew and autonomous ones [20].
This will make it possible to automatically solve the problems of
assessing the navigation situation [21] and making decisions on
maneuvering to avoid collisions [22], which will obviously im-
prove the operation safety of autonomous sea vessels.
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The MASS development in the future will require changes in  and creation of a database of dangerous convergences can be used
the navigation and hydrographic support of waterways [23], which  to prevent vessels collisions with the designation of dangerous
can also be preliminary analyzed using AIS data, for example, in  sections of the route.
the conditions of developing special test water areas [24]. Admiral Makarov State University of Maritime and Inland

An algorithm for processing and filtering data from AIS is pro- ~ Shipping invites interested parties to test the developed systems
posed, and an approach for testing SAS of MASS is formulated. It ~ for autonomous shipping and is ready to provide both test tasks
is shown that this approach can be implemented in a simple and  and AIS data sets for modeling the navigation situation.

computationally efficient way. Identification of such situations
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Fig. 8. Initial AIS data for testing SAS of MASS

A' Starti int 4 A' Route end point. - _ The water area where the vessel, under the control of the crew,
Starting point, course, speed; oute end point, course, speed; performed the maneuver

Fig. 9. An example of a test task to check the SAS of MASS performance
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AHHOTauuA

B cratbe paccMatpuBaeTtca npobnema aHanMsa JaHHbIX aBTOMaTU4ecKkoi uAeHTUdMKaumoHHou cuctembl (AVC) c uenbio BbigeneHus
TUMOBBIX CUTyaLMii BCTPEYM CyAOB B MOPEe U BbIABJIEHUA AEUCTBUN CyJOBOAUTENEN MO PACXOXKAEHUIO B 3TUX CUTyaluax. DTa npobrnema
CTAaHOBUTCA aKTyaslbHOM B MoOcCnejAHee BPeMA B CBA3U C HEOOXOAMMOCTbIO UMeTb 6a3y 3TaNoOHHbIX ACWCTBUI ANA TECTUPOBAHUA CUCTEM
aBToHOMHoro cygosoxzaenua (CAC), uHtepec k paspaboTke KOTOpPbIX B MocsiejHee BPeMsA TOMbKO YCUSIMBAETCA B CBA3M C CO3JaHUEM
MOPCKMX aBTOHOMHbIX HaaBoAHbIX cygos (MAHC). AnroputM aHanusa gaHHbix AVIC coctouT v3 npegsapuTensHoro stana ¢punsTpaumm
JaHHbIX M [ABYX OCHOBHbIX 3TanoB. Ha npegpaputenbHoM 3Tanme WCKIOYAlOTCA AaHHble, COAEpXalle OLUMOKM, CyLLECTBEHHO
OCTIOXHAIOLLME NMOCNeAYIOLLMIA aHANIU3 U CBA3aHHbIE C HEKOPPEKTHOM MHbOopMaLeil. BbifiBneHo, YTo Takue AaHHbIE MOTYT COCTaBMATh O
10% ot obuiero maccmea mHpopmaumu. [anee, Ha NepBoM 3Tane GpULTPaLMKU OTCEUBAIOTCA CyAa, HAaBUraLMOHHbIM CTaTyC KOTOPbIX He
npeanonaraeT ABWM>KEHUE MW ABUFaNUCb CO CKOPOCTbo MeHee 3 ysnos. Ha nepeom stane ¢punbtpaumm ¢ 1,5 go 2 mMaH 3anuceit o
HaBMraLlMOHHOM CTaTyce B CyTKu ocTaBasniock Ao 0,4-0,5 mnH. BTopbiM 3TanoM ¢unbTpauum cran aHanus TUNOBOrO B3aMMOAENCTBUA CyAOB
B Pas/IMYHbIX YCNOBUAX U CUTyaLMAX MOZA YNpaBieHWEM SKUNaxka. 3afayei AaHHOro stana ¢GuibTpaLuu CTan OoT6op rpynn CyZoB Mo
cneflylolLM KpUTEpPUAM: BpPEMEHHasA METKa U MEeCTOMOJIOKEHMe CyAHa, MoCieAHee [OJKHO COOTBETCTBOBATL 3aaHHOMY AManasoHy Mo
PacyYeTHOMy PacCTOAHMIO MeXAy CyAaMu, KOTOpoe BblOGMpaeTca M3 4MCNa OMpeAenéHHbIX 3apaHee BapWaHTOB. TakuM obpasoM, B
pe3ynbTate BbiNONHEHUA GUILTPaLuUM Obinv oTOOpaHbl TpPU TUMOBbLIX CLeHapus. [lepBbiit - ABW>KEHME Ha MapasnenbHbIX Kypcax 6e3
B3aMMOAENCTBUA, C B3auMogencTeneM. Bropoii - ABMXKeHME Ha BCTpeYHbIX Kypcax 6e3 B3auMOAENCTBUA, C B3aUMOAEWNCTBUEM. TPeTuii -
[BWKEHWEe Ha nepeceKalolleMca Kypce 6e3 B3auMofencTeus, C B3auMogeicteveM. Bo BpeMs aHanusa TMMOBLIX CLiEHapueB U Ans
paspabotku noaxoga tectuposahus CAC MAHC no apxueHbIM AaHHbiM AVC GbinM paccMOTPeHbl U OMMUCaHbl 9 TUMOBLIX CUTyaLUit
B3aMMOAEWCTBMA CyA0B BO BpeMs onacHoro cbnwxenus. MNpeanaraemeiii B pabote noaxog tectuposaina CAC MAHC BkntoyaeT: oLeHKy
BPEMEHU MPOXOXAEHWUA 33JAHHOTO MapLUPYTa; OLIEHKY OTK/IOHEHWA OT MapLUPYTa; OLIEHKY PeXMMa CKOPOCTW; CPaBHEHME COBEPLUEHHbIX
MaHeBpoB; cpaBHeHue B3auMogericteua MAHC c apyrumm cypamu.

Knioyeebie cnoea: mopckoe asmoHomMHoe HadgodHoe CyOHO, CUCMeMa aemOHOMH020 Cy0080XdeHus, 6€30nacHoCmb MopensiaeaHus, aemomamuyeckas
udeHMUUKAUUOHHAA cCUCMeMd, aHAIU3 Ha8u2auUoHHOU 06CMaHoeKu, pacxoxdeHue cydos, Memod aHAAu3a OAHHBbIX.
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