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Abstract. The article presents the research analysis on the ship safety. It has been found out that
due to the lack of a methodology for planning an algorithm for the maneuvering control system,
there is no concept of solving technological problems or any understanding of what data are needed
to perform the work. Despite the cybernetic devices and programs perform some part of the work
and prepare the necessary data, the skipper does not understand how the device generates them.
The task was to create a prototype that could allow to get data on the ship maneuverability. After
the initial stage of training has been passed the skills should be obtained, which further will trans-
form into the passive and stable abilities. The created hardware and software package allows im-
plementing the concept of the guaranteed safety of maneuvering control in piloting vessels due to
improving the methods of forming sustainable skills and bringing it to the automation level. It was
recommended to use a simulator with visualization, to introduce the new algorithms of controlling
the ship propulsion in the area of responsibility by coastal and to develop the recommendations on
divergence, new training methods for pilots on shore. The conclusions were made on improving the
level of information support by preparing subject-specific declarative knowledge and presenting it
in an easily accessible form for perception when making decisions on maneuvering. The developed
methodology is implemented in the training process of pilots in the training complex of Kerch State
Maritime Technological University.
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Introduction

Due to the lack of a methodology for planning an algorithm for the ship maneuvering control
system, there is no concept of solving technological problems, and no understanding of what data are
needed to perform the task. Therefore, even if the cybernetic devices and programs can perform sepa-
rate part of the work on preparing the needed data, the navigator does not understand how the device
generates them. The goal of the experiments was to build a simulator that will provide data on the ship
maneuverability. While training it is necessary and sufficient to create a starting skill at the very begin-
ning, which in practice could be translated into a certain passive skill, when the conditions for navi-
gating are resumed.

Research results

For developing the initial skills of maneuvering among senior cadets it is necessary to know how
to take into account the maneuvering characteristics when forming a given control algorithm. Then
comes understanding of what characteristics are needed to ensure the safety of the vessel.

The first step in manually planning a turn is to develop the skill of constructing a curvilinear tra-
jectory of a turn, as given in Appendix IV. Performing the trajectory around the bend provides under-
standing of how to use the handling performance data and what information is needed. To obtain such
data, an algorithm for calculating the characteristics of turn ability was developed, shown in Fig. 1 and
the corresponding program [1-3].
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Fig. 1. Step-by-step display of sequential actions for calculating features that describe agility

The most convenient for use in a computer and a compact form of data presentation on the char-
acteristics of turn ability is tabular. The method of accounting for inertial-braking characteristics can be
most fully understood when using the inverse method for planning the trajectory of movement when
anchored. The described procedure requires knowledge of inertial-braking characteristics and handling
characteristics. Building a maneuvering scheme without knowing the specified data is impossible. Af-
ter understanding the maneuverable characteristics and methods of their use has been reached, the
trainees begin to form the initial skills to determine the necessary data. The sequence of further work is

shown in Fig. 2.
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Fig. 2. A fragment of the computer screen at the workshop on calculating
maneuverable characteristics

After performing the calculations, the results are presented in the form assigned by the regula-
tory documents. One of the recommendations is to create them in the folder “Information to the cap-
tain about the maneuvering characteristics of the vessel”, and this will require a review of the exper-
iment program in the future. The folder must contain the initial data for calculating maneuvering
characteristics (Fig. 2):

— tables of circulation characteristics for the state in the load and in the ballast for the rudder
angle after 50, with the instability zone;

— turn delay time table, for rudder shift angles after 50;

— the table of the time and angle of rotation for the angles of entry into circulation and return
transfer, for the state in the load and in the ballast (V. 1);

— inertial - braking characteristics for the state in the load and in the ballast in the form of IMO
line graphs;

— circulation curves for 150 and 350 rudder angles to the right and left for deep water and shal-
low water;

— table of coefficients of shallow water influence on circulation;

— inertia-braking characteristics table.

Thus, the educational computer class allows developing practical skills in performing calcula-
tions of maneuvering characteristics not only for training purposes, but also for the practical support
of real ships, since the accuracy of the experimental calculation method meets the requirements of na-
tional and international IMO regulations.

The information to the captain requires a revision of the acceptance test program, which will
significantly increase the provision of the maneuvering process [4-6].

As a result of analysis of navigation data that indicated incidents in the North-Western part
of the Black Sea, it was found that 43 incidents occurred in the presence of a pilot on Board, and 115,
respectively, without a pilot. From this we can conclude that pilotage is an incomparably effective
means of improving the safety of navigation. In addition, the captain who works in different parts
of the world’s oceans is not able to accurately know the local features and conditions of navigation in

16



Cyoocmpoenue, cyoopemonm u Ikchayamayus proma

the vast majority of Straits, ports, and channels. The study of the process of information support for
pilotage and the development of a skill formation technique were carried out in the water area, the dia-
gram of which is shown in Fig. 3.

Fig. 3. Western part of the Black Sea

Pilotage, in which any movement of the vessel, anchoring, mooring to the berth or departure
from it occurs, have become an obligatory element of traffic control systems in developed countries.

Piloting a ship requires high professionalism of navigation, which can be achieved by special
training.

In addition to the experience of working as a captain or captain’s mate, a pilot needs special
knowledge and his skills should be entirely automatic. For this reason the process of training pilot from
a navigator must contain the programs and methods with many essential features. Consideration of the-
se features is important for improving the quality of educational process in maritime education-
al centers.

However, all known works do not sufficiently reveal the features and stages of the formation
of theoretical and practical skills among candidates for a pilot [7-9]. The characteristics of the training
system for boatmasters at all levels are not described in sufficient volume, with detail, nor are there any
mandatory conditions under which pilots can reach a certain qualification level. In other words, there is
no systematic concept of the structure of the complex formation of theoretical and practical skills
among the pilot candidates.

The question of whether the methods of training pilots are sufficiently perfect will help to
answer the analysis of ways to develop the skill of performing elements of navigational work,
presented in Fig. 4. It is not possible for a pilot to develop a stable skill in managing the ship’s
maneuvers by trial and error. For this reason, it is proposed to form a stable skill in two ways, through
the knowledge obtained from the subject knowledge bank; or through the knowledge gained by trial
and error on a simulator for maneuvering process control.

Subsequently, a stable skill and a bank of subject knowledge make it possible to bring the con-
trol of the maneuvering process to the level of automatic execution of the pilot’s intellectual actions.

To ensure the formation of skills among pilots to control the process of maneuvering the vessel,
a methodology of preliminary pre-trip training on a simulator using the mathematical model (MM)
of a real navigated vessel and adapted to the navigation conditions of the area of upcoming pilotage has
been developed. It includes a method of preliminary forecasting of the trajectory of movement and
a conceptual model of information support; and also a method of simulator training, consisting
of a hardware - software complex of training navigation bridges and simulation model (PRD).
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Fig. 4. Ways of forming a pilot’s skill

To predict the movement of the vessel, a complex of formalized model algorithms developed by
the author is used to obtain the necessary declarative knowledge to prepare a method for controlling the
maneuvering process corresponding to the navigation conditions. In addition to performing navigation
calculations, the programs allow calculating the inertial and braking characteristics, including the cal-
culation of transition factors [8—10].

The complex includes the following programs:

1. Software for calculating the drift angle ANDRIF, which helps to find out the displacement
of a ship under the influence of an imaginary wind;

2. A program for determining the speed and heading angle of true wind ANSTR, which pro-
vides the necessary data for calculating the moment of control loss;

3. A program for determining the speed and heading angle of apparent wind TRUWI providing
the data to calculate the angle of wind drift during maneuvering;

4. A program for determining the angle of drift from the current ANCUR to determine the dis-
placement on the trajectory when maneuvering;

5. A program for calculating the transition coefficients KORP designed to determine the transi-
tion coefficients for resistance, stop and turnability;

6. A program for determining the parameters of turnability TURN designed to obtain values

£,,0,,D,,D;

7. A program providing the geographic coordinates of the curvilinear trajectory PATURN by
the parameters of circulation and the geographic coordinates of the point of intersection of the courses
before and after the turn;

8. A program for determining the geographic coordinates of the curvilinear trajectory WICUR
by the parameters of circulation, the geographic coordinates of the point of intersection of the courses
before and after the turn, and the parameters of wind and current;

9. A program for determining the characteristics of braking WASTO, which allows obtaining
the value of the distance and time of braking at different initial speeds and braking modes.

As an example, the results of a braking maneuver in the sea with visualization of the results
of maneuvering are shown in Fig. 5.

The teaching methodology using the hardware and software complex provides the three ways
of skill formation:

—  preparing a manual maneuvering plan to form the skill of analyzing the dynamic character-
istics by conducting a business game;

— drawing up a pilotage plan for the area where the vessel is navigated, and a pilot’s passport
for the area of the forthcoming movement;

—  simulator pre-trip training of a pilot on the hardware-software complex for real hydromete-
orological conditions of navigation on the ship’s MM, which is to be carried out.

The method of forming the skill for analyzing the maneuvering characteristics provides a business
game for planning a turn, anchoring, mooring to the berth and maneuvering in case of excessive approach.

To conduct a business game, the data on inertial-braking characteristics are used in the form
of a table, a table of data on turnability characteristics in the form of segments, a table of coefficients
of shallow water influence on circulation parameters. To plan a turn, the graphical track line should be
used before and after the turn. After the skill of building a curvilinear trajectory has been formed, the
trainees begin to learn the technique of constructing a trajectory using braking characteristics. This can
be most clearly demonstrated by the example of constructing a trajectory when anchored.
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Fig. 5. A fragment of the screen of the hardware and software complex at braking

These two types of maneuvering are enough to understand the methodology for taking into ac-
count the properties of the vessel when predicting the trajectory of movement. Building a trajectory
when mooring to the berth and in case of excessive proximity allows to consolidate the skill of plan-
ning movement and work out tasks on the simulator. All information that circulates through the com-
munication channels can be divided into organizational - administrative and navigation. Navigation
information is the priority. Since it is necessary to reduce the level of stress in the work of the operator
who controls the maneuvering process, there must be a boatmaster whose duties will include ensuring
the safety of communication channels. To improve information support and safety of pilotage, a colli-
sion avoidance device was proposed, which must be placed in the visual training system (VTS).

The specified device and system allow to control the movement of ships in the coastal navigation
area, including the development of recommendations for divergence.

In the course of developing the information support model two new types of knowledge were in-
troduced: the pilot’s passport of the pilotage area and the pilotage plan of the pilotage process.

The pilot’s passport of the pilotage area is navigational information adapted to the time of navi-
gation and information about the parameters of hydrometeorological conditions of navigation with the
application of data on the traffic pattern. It greatly facilitates the pilot’s orientation when navigating
and quickly obtaining the necessary information. The pilotage plan of the pilotage process contains, in
addition to the specified information, organizational and administrative information on maneuvering
with the application of characteristic points at which the mode of movement changes, work with tugs
and other intellectual actions is performed.

The methodology of pre-cruise pilot training consists in mastering the techniques on the simula-
tor and developing the skills to control the ship to be piloted in real hydrometeorological conditions.

The considered methodology for developing skills in maneuvering allows to create the precondi-
tions for ensuring safety of navigation during pilotage.

Conclusions

The created hardware and software complex makes it possible to implement the concept of guar-
anteed safety of maneuvering process control during pilotage by means of:

— improving the methods of forming a sustainable skill and bringing it to entirely automatic us-
ing a subject knowledge bank and a simulator with visualization;
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— introduction of new algorithms for control over the process of vessel movement in the area
of responsibility by coastal aids to navigation and development of recommendations for discrepancy;

— increasing the level of information support by preparing subject declarative knowledge and
presenting it in an easily accessible form for perception when making decisions on maneuvering;

— mnew methods of preparing a pilot for the process of pilotage ashore prior to its implementation.

The developed methodology was introduced into the educational process of training pilots in the
educational - training complex of the Kerch State Maritime Technological University.
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MHOI'O®YHKIIMOHAJIbHBIA CUMYJISAATOP
JJIsA OBECIIEYEHUSA CYJIHA JAHHBIMUA
O MAHEBPEHHBIX XAPAKTEPUCTHUKAX

B. A. ,ZIopoecxoﬂI, A. B. ,ZIezmﬂpesz, H. IT. Cuemiox', A. A. 3unuenxo’

1 . . . .
Kepuenckuii 2ocyoapcmeentbiti MOPCKOU MEXHOIOZUYECKULL YHUBEPCUMem,
Kepuw, Poccuiickas @edepayus

? GMZ Ship Management CO SA, Beiipym, Jlusan

[IpoBeneno wuccnenoBanue B oOmacTd obecnedeHust OesomacHocT cynaHa. OTMedeHO, 4ToO
B CBSI3U C OTCYTCTBHEM METOJUKH IIAHUPOBAHUS 33JJAHHOTO alrOpUTMa pabOTHI CUCTEMEI YIIPaB-
JICHUsST MAaHCBPUPOBAHHUEM HE CYMICCTBYET CAMHOW KOHIICTIIIUHM PEIICHUS TEXHOJOTHUCCKUX 3ajad,
BBISIBIICHA HEOOXOJUMOCTh BBIOOPKH W OINPECIICHUS NAaHHBIX IS BBIMOJHEHUS TaKOTO poja Jei-
ctBuil. HecMoTps Ha cymiecTByronine KHOSpPHETHIECKIE YCTPOHCTBA M MMPOTPaMMBI, KOTOPHIE BEI-
TIOJHSIOT ONpeeNICHHbIC YacTH pabOTHI MO MOATOTOBKE HEOOXOIUMBIX NAaHHBIX, IIKUIEP HE OHU-
MaeT, KakuM 00pa3oM YCTPOMCTBO MX TeHepUpyeT. 3aJaH0 CO3JaHHE MPOTOTHIIA, TIO3BOJISIONIETO
MOJy4aTh JaHHBIE O MAHEBPEHHOCTH CymHA. Ilocie TMpoXoKAEeHWS HadabHOTO 3Tama OOydeHHs
HEOOXOIMMO MPUBUBATH KypCaHTaM YMEHHS, KOTOPBIE B IPOIECcCe MPAKTHKH TpaHC(HOPMUPYIOTCS
B MACCHBHBIE M ycToW4mBHIE HaBBIKA. COpMHUPOBAaHHBEIN HPOTPaMMHO-TEXHHYECKHN KOMIDIEKC
MO3BOJSICT PEATM30BaTh KOHIEMIMIO TapaHTHPOBAHHON OE30MacHOCTH YIIPABICHHS MPOIECCOM
MaHEBPUPOBAHUS IIPH JIONMAHCKON MPOBOJKE CYJOB 332 CUCT COBEPIICHCTBOBAHUS METOAOB (op-
MHUpPOBAHUS YCTOHYMBOTO HABBIKA W JIOBEJCHHS €rO IO YPOBHS aBTOMAaTH3alMH. PeKOMEHIOBaHO
UCIIOJIb30BAaHUE TPEHAKepa C BH3yalH3alucii, BHEAPCHHE HOBBIX alTOPUTMOB YIIPABICHHS MPO-
[[ECCOM JIBIDKCHHUSI CYJIOB B 30HE OTBETCTBCHHOCTH OCPErOBOM 30HBI U Pa3pabOTKU PEKOMEHAAIUI
MO JIMBEPTCHIINH, HOBBIX METOJOB MMOATOTOBKH JIOIMaHa Ha OEpery K Mmpoleccy IUIaBaHus CyTHA.
CraemaHsl BBIBOJBI O MOBBIMICHHH YPOBHS HH()OPMAIIMOHHOTO 00ECHEeYeHHs ITyTeM ITOATOTOBKH
MPEIMETHO-ACKIapaTUBHBIX 3HAHUHA M MPEACTAaBICHHUS MX B JOCTYITHOW AJISI BOCHPHATHA (opMme
NIPY TPUHITHAN PEIICHUH 0 MaHEeBPHPOBaHWHU. PazpaboTaHHast METOANKA BHEIPEHA B TPEHUPOBOY-
HBIH TIpOLIECC MIIOTOB Ha y4eOHO-TPEHHPOBOYHOM KOMIUTEKce KepdeHCKOro rocynapCTBEHHOTO
MOPCKOTO TEXHOJOTHIECKOTO YHUBEPCHUTETA.

KaioueBble cioBa: MHOTOQYHKIMOHAIbHAS CUMYISILUS, MH(POpPMaIMs, CyqHO, pa3padoTKa,
HaBHT ALV
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