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Abstract — One of the ways to reduce human influence on the
control process is the development of automated and automatic
control systems. Modern control systems are quite complex and
require preliminary ground testing. The article considers the
issues of creating Imitation Modelling Stand for such control
system synthesis and testing. For this reason, a Control System
Model was integrated into the local computer network of the
navigation simulator NTPRO 5000. The authors of the paper
developed and tested software for information exchange between
the navigation simulator and the Control System Model. The
authors also developed a functional module of collision avoidance
with many targets for testing in a closed loop system with virtual
training objects. The results showed that the developed Imitation
Modelling Stand allowed developing and testing functional
modules of the control systems. In comparison with the found
analogues, it is easy to include in a closed simulation cycle various
models of command devices, actuators, control objects, objects of
training scene, weather conditions; it is universal both for solving
problems of manual control and for developing and testing
automatic and automated control systems; it is not highly
specialised and is created at minimal costs.

Keywords — Automatic control; Closed loop systems; Collision
avoidance; Control system synthesis; Motion control.

I. INTRODUCTION

According to statistics, more than 85 % of ship accidents that
have occurred recently are associated with the human factor
[1]-[3]. One of the ways to reduce human influence on the
control process is the development of decision support systems
(DSS) and automatic control systems (ACS).

The use of digital decision support systems and automatic
control systems provides new opportunities due to the fact that
decisions on ship control are made on the basis of accurate
mathematical calculation, and not using the navigator's
intuition, which increases the reliability and accuracy of such
systems, contributes to the safety and efficiency of navigation,
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conservation of human lives at sea, protection of the marine
environment and coastal navigation areas.

Decision support systems assist the navigator but do not
release him from the decision to operate the vessel in stress
situations [4]-[7], unlike the automatic control systems that
provide control of the vessel without the navigator’s assistance
[8], [9]. The navigator only makes the decision to use the
automatic module and check its operation. An example of such
an automatic system is the autopilot, which has long been used
in almost all vessels.

According to experts, using of automatic control systems and
decision support systems can reduce the impact of the human
factor on navigation safety [10], [11]. But such sophisticated
systems require testing stands [12]-[14].

Recently, simulators have been widely used to develop the
skills of manually controlling the movement of a vessel. Their
main feature is the reliability and realism of the physical
processes that are modelled in the system. Transas is one of the
leading manufacturers of navigation simulators.

By adapting the navigation training equipment, it is possible
to create an Imitation Modelling Stand (IMS), which can then
be used for the development and testing of functional modules
of decision support systems and automatic control systems.
Development of such a stand is an important scientific and
technical task.

The object of the research is the process of development and
testing of functional modules.

The subject of the research is the Imitation Modelling Stand
for the development and testing of functional modules.

The goal of the research is to create Imitation Modelling
Stand for the development and testing of functional modules.

II. PROBLEM STATEMENT

Traditionally, navigation simulators are used to acquire and
develop skills in manual ship handling. Since 2013, NTPro
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5000 navigation simulators have been installed at the Kherson
State Maritime Academy. They are certified for compliance
with educational equipment standards by the international
certification and classification societies: Det Norske Veritas
Germanischer Lloyd, Bureau Veritas, Lloyd’s Register, the
American Bureau of Shipping, and the Russian Maritime
Navigational Register.

Fig. 1 shows the instructor’s workplace of NTPro 5000
navigational simulator.

Fig. 2 on the left shows the central rack of the simulator,
which houses the server, models, switching equipment,
uninterruptible power supplies, etc. The laboratories have small
and large virtual bridges with visualization and control
equipment. One of these bridges — a full mission navigational
bridge is shown on the right side of Fig. 2.

Fig. 2. Central rack of the simulator (left side) and a full mission navigational
bridge (right side).

It is necessary to integrate the Control System Model (CSM)
(system blocks, information exchange software, functional
modules) into the existing navigation equipment of the NTPro
5000 simulator in order to create a closed control loop with an
NTPro 5000 simulator, in which it will be possible to work out
functional modules in dynamics with simulator objects.

III. LITERATURE REVIEW

The thesis [15] deals with the issues of automatic testing of
collision avoidance algorithms of surface vessels. Two collision
avoidance algorithms are implemented, one of which is based
on a speed obstacle, and the other is based on a typical
predictive control model. The algorithms were automatically

tested by generating various scenarios and situation
assessments using a set of metrics.

In the article [16], the issues of design and testing of control
systems in the HIL (hardware in the loop) are considered, when
parts of the control loop components are real equipment, and
parts are modelled. This approach is used when experimenting
with a real process is too expensive or too time-consuming.
Modelling of slow processes is considered on the example of
heating systems and of fast processes on the example of internal
combustion engines. Models for 6- and 8-cylinder diesel
engines are described, including fuel injection and combustion,
pressure boosting, crankshaft torque generation, exhaust
turbocharger dynamics and vehicle dynamics. Real-time
simulation is compared with measurements on real diesel
engines and trucks.

The article [17] discusses the HIL method for testing the
marine control systems. The method involves the use of
hardware together with virtual models for joint mathematical
modelling. The authors propose using the HIL method as a new
method for checking and validating the marine control systems.
The terminology, functions and failures of the control system,
characteristics and requirements for the HIL simulators, as well
as the problem of HIL testing are considered.

The article [18] examines the structure and hardware
components of various systems, and also attempts to evaluate
in more detail the application of HIL-modelling in dynamics
and control. The general structure of HIL equipment for various
industries is proposed.

The article [19] presents the new DP-HIL simulator concept
and technology. The paper shows a block diagram of the HIL
simulation, which was modified for testing of dynamic
positioning system.

The disadvantage of the proposed solutions [15]-[19] is the
low flexibility of including various models of command
devices, actuators, control objects, objects of the training scene,
weather conditions, etc. into the closed loop of modelling; the
proposed solutions contain highly specialised equipment and,
as a rule, are high-cost.

IV. MATERIALS AND METHODS

Fig. 3 shows a structural diagram of the Imitation Modelling
Stand, which includes an existing NTPro 5000 simulator, the
modules of which are located above the local area network
(LAN), and Control System Model, which includes additional
system blocks 14—16 with information exchange software and
functional software. CMS is connected to the local computer
network of the NTPro 5000 simulator.

The NTPro 5000 simulator includes command device models
1-5, instructor’s workplace 6, models of visualization channels
7-11, models of dynamics 12, 13. Information exchange
between the NTPro 5000 simulator and the CSM is made via
the LAN, using the regular NMEA NTPro 5000 simulator
interface. NMEA is a special protocol for maintaining
interoperability of marine navigation equipment from various
manufacturers developed by the National Marine Electronics
Association (NMEA). Most navigation applications provide
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real-time data display supports and understand the NMEA
protocol. Each individual message is independent of the others
and is completed. The NMEA message includes a header, a
dataset represented by ASCII characters, and a checksum field
to verify the accuracy of the information transmitted. The title
of a standard NMEA message consists of 5 characters, of which
the first two defines the type of message and the remaining three
indicate its name. NMEA also provides transmission of
information from the LAN to a physical or virtual COM port.

models of visualisation models of
channels dynamics

instructor's
workplace

command device
models

T T

Control System Model

D

Fig. 3. Structural diagram of the Imitation Modelling Stand.

We can send navigation information from different
navigational devices of a navigational bridge simulator using
the NMEA interface. Some navigation devises for sending
information are listed in Table I [20]-[22].
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Fig. 4. Screenshot of standard Configuration Editor simulator program.

Information exchange software for the receiving and initial
processing of information was created (see Fig. 5).
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Fig. 4 shows a screenshot of standard Configuration Editor
simulator program. NMEA LOG _GYRO_ARPA interface has
been added to the created ALPHA2-DPA virtual bridge
configuration, which provides information exchange between
the NTPro 5000 simulator and the CSM modules. The
configuration snippet for this interface is shown at the bottom
right of the Configuration Editor window.

The fragment above shows that NMEA receives information
via the COM3 port from the navigation devices: LOG (device
used to estimate the speed of a vessel through water), Gyro
(gyrocompass) and ARPA (automatic radar plotting aid). Data
via serial COM port is transmitted from the simulator network

to the CSM in the form of NMEA messages, for example:
$vVDVHW,78.9,T,,,0.20,N,,*45
$vDVBW,0.20,0.30,A2,0.2,0.2,A,1.10,A,1.1,A*50
$vpviw,0.00,N,0.00,N,0.00,N,0.00,N*5F

$HEHDT, 78.9, T*19

SHEROT, -7.0,A*01

sssss ) ine
Clear Data OUT 53 Uising e R

Data OUT Length : 00

Fig. 5. Information exchange software.

Information exchange software is written in C# programming
language and uses standard C# library methods for organising
COM port communication, for example, ReadExisting()
method from SerialPort class for COM port communication,
and Substring() method from data class for parsing messages.

Part of code lower shows the process of parsing message to
get data about the speed and heading of a vessel.
indexofsearch = mes.IndexOf ("SVDVHW") ;
if (mes.IndexOf ("SVDVHW") != -1) //Found message

//about speed and heading.
;tring cut = mes.Substring(indexofsearch);
string head = cut.Substring(cut.IndexOf(',"') + 1);
head = head.Substring (0, 5).Trim(new char[] { ',',
'T" 1) //Got heading as text.
if (head int == 360)
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{
head int = 0;
}

for (i =1; 1 < 6; i++) // For finding information

//about speed.
{

}
string speed = cut.Substring(0, 5).Trim(new char[] {
N //Got speed as text.
}

The IMS functions as follows. From the instructor’s
workplace 6, it is necessary to choose the area of navigation,
models of own vessels, models of equipment of vessels, models
of targets, surrounding circumstances, weather conditions,
models of functioning of command devices and controls gear,
models of failures of command devices and controls gear. Then
one needs to create an exercise, own vessels are assigned to the
virtual bridges and the exercise is run. The models of dynamics
12, 13 simulated movements of own vessel, targets,
surrounding circumstances, weather conditions. The results of
the simulation via LAN are transmitted to the models of
visualization channels 7-11 for display on screens and to
command device models 1-5 for simulating their operation and
displaying simulation data on their displays. The data of
command device models 1-5 by the LAN are transmitted to
CSM 14-16 directly in digital form and their functional
modules are processed. The development and testing of these
functional modules are the purpose of IMS creation. Output
signals of the CSM 14-16 are transmitted by the LAN to the
models of dynamics 12, 13 of the NTPro 5000 navigation
simulator.

cut = cut.Substring(cut.IndexOf(',") + 1);

V. EXPERIMENTS

Testing the performance of the IMS was carried out in a
closed circuit: navigation simulator NTPro 5000 — CSM with
functional software module, for different areas of navigation,
types of vessels and weather conditions. As a functional module
of CSM, the module of avoiding collision with many targets
was taken, including manoeuvring ones, mathematical,
algorithmic and software of which was developed by the
authors and protected by patents [23], [24]. At the instructor’s
workplace, a task was created to solve the problem of automatic
collision avoidance with five dangerous manoeuvring targets.

According to materials [23], [24], in the on-board controller
of the vessel, constantly, with the tact of solving the functional
task, the area Q of permissible collision avoidance with many
targets simultaneously is constructed

Q:Qlﬂgzm"'ﬂQtha (1)
where
Q.,j=1...N,

:  are the areas of permissible parameters of

divergence with each target separately;
N, 1s the number of targets.

For construct areas €2,/ =1...N,, of divergence with each
target, trial vectors V,=(V,cosK, ,V,sinK ) of divergence
were taken at the nodes of the grid built in the coordinates: test

speed (V7 ) — test course ( K7 ), Viin <=V <=Viax »
0° <=K, <360°.

Fig. 6 shows a divergence scheme. For each trial vector V,,
a trial vector of relative motion AV with j-target is calculated

AV; =V = Vr, 2)
where V,,; is the j-target speed vector estimated from the radar

measurements.
Trial vector of relative motion AV ; is checked for belonging
to the sector of dangerous courses (SDC):

(AV; xE;; &AV,; xE;;) <0 (3)
where E;;,E;; are unit vectors defining the sides of the SDC.
If the trial vector AV belongs to the SDCj, then the vector
products in formula (3) will have different signs, if the trial
vector AV does not belong to the SDCJ, the vector products
in formula (3) will have the same signs.

4] D,

7

Dsa

Fig. 6. Divergence scheme.

Orts Ei;,E,; are found by turning ort Eo; in clockwise and

. .D,
counterclockwise by an angle ©, ZaTCSIH(D—) , equal to half

E,.=E e 0 E =E eij 4
1j ij =2 ij > ( )

where D,, is the radius of safe area, D, is the distance to
J-target.
Ort Eg; , used in Eq. (4), are determined by the formula:
E,, = (ij cos B, ,ij sin B,,,; ) )
: D, . D

mj mj

where B, is bearing to j-target.

If condition (3) is not met, trial vector V, = (V cosK ,V sinK )

belongs to the areas of permissible controls. The area of
permissible controls in case of collision avoidance with all
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targets can be obtained by combining the areas of permissible
controls with each target separately like (1).

Any pair of collision avoidance parameters (V ,K )eQ is
valid for collision avoidance with all targets simultaneously.
Therefore, further selection of the parameters of the collision
avoidance from Q is determined by additional conditions, for
example, by the conditions for optimising the collision
avoidance, the stability conditions (the invariance of the
selected collision avoidance parameters), the Rules of the
COLREG-72, etc. The deflection angle of the rudder 6 and the
deflection angle of the telegraph © are determined as

8= ki (¥, = Ky) + o0, +kp [V, =K,)de, (6)
_E an

2V )

max

where Ky>kosk | are the gains of the PID controller for the

0

mismatch angle, the angular velocity and the integral of the
mismatch angle; ¥ ,,,®,,, are the measured course and angular
rate of vessel rotation; o is the rudder deflection to get a safe
course; O is the telegraph deflection to get a safe speed; K, is
anew course for safety collision avoidance; ¥, is a new speed
for safety collision avoidance.

Figure 7 shows a screenshot of the vessel, targets and weather
conditions from the visualization channels of the simulator.

Fig. 7. Screenshot of the vessel, targets and weather conditions from the
visualization channels of the simulator.

Information exchange software reads information from
command device models with the period of its updating and
transmits it to CSM for processing in order to solve the problem
of collision avoidance.

Fig. 8 shows the interface of the information exchange
software during the experiment. The input and output data, the
areas of safe movement and the settings of the software are
depicted in more detail in patents [23], [24]. The output data in
the form of a telegraph command and rudder command are
transmitted by the information exchange software to the
simulator.

Fig. 9 illustrates the trajectory and position of the own ship
(OS) and the target ships (T1-T5) at the end of the collision
avoidance from the instructor’s workplace.

Safe closest point of approach (CPA) for target ships was set
0.5 nautical miles (n.m.) in program settings. At the beginning
of the experiment (at time 12:00:00) all five targets were

dangerous, CPA for target ships was: TI1-0.11
T2-0.14 n.m., T3-0.03 n.m., T4-0.02 n.m., T5-0.06 n.m.

At 12:17:00 CPA with all targets was more than 0.5 n.m.
Throughout the experiment, the minimum distance to the
targets was 0.502 n.m. with T2 (in Fig. 10). After 12:20:00 the
range to all targets started increasing. This means that the
automatic collision avoidance finished and experiment was
successful.

n.m.,
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Fig. 9. Trajectory and position of the own ship (OS) and the target ships
(T1-T5).
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Fig. 10. Dynamic of changing range to five target ships throughout the
experiment.
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The experiment showed the possibility of using the IMS for
the development and testing of mathematical, algorithmic and
software tools of CSM for different areas of navigation, types
of ships and weather conditions.

VI. RESULTS

The paper has considered the issues of creating Imitation
Modelling Stand based on a certified navigation simulator
NTPro 5000 for the development and testing in a closed loop
system with a Control System Model of mathematical,
algorithmic and software tools of automated and automatic
vessel motion control systems. The literature review of using
IMS for the development and testing of functional modules has
been conducted; the deficiencies of the proposed solutions have
been identified, and the relevance of solving this problem has
been substantiated. Software for information exchange between
the navigation simulator and the Control System Model has
been developed and tested. The authors of the paper have
developed mathematical, algorithmic and software tools for the
system of automatic control of divergence with many targets,
including manoeuvring ones. The Control System Model with
information exchange software and functional software is
integrated into the local computer network of the simulator for
creating a closed control loop and solving the problem of
automatic collision avoidance with many targets, including
manoeuvring ones. At the instructor’s workplace, an exercise
has been created to solve the problem of automatic divergence
with five manoeuvring targets. Mathematical modelling of the
avoidance collision processes with five manoeuvring targets in
a closed circuit NTPro 5000 — Control System Model has been
carried out.

VII. DISCUSSION

The results of mathematical modelling have shown that the
developed Imitation Modelling Stand allows developing and
testing the mathematical, algorithmic and software tools for
automatic and automated control systems for various types of
vessels, navigation areas and weather conditions and can be
used to develop and test functional modules of the control
systems.

Imitation Modelling Stand, in comparison with the found
analogues, also makes it easy to include in a closed simulation
cycle various models of command devices, actuators, control
objects, objects of training scene, weather conditions; it is also
universal both for solving problems of manual control and for
developing and testing automatic and automated control
systems; it is not highly specialized and created at minimal
costs.

VIII. CONCLUSION

Imitation Modelling Stand has been created for the
development and testing of mathematical, algorithmic and
software tools of automatic and automated control systems.

The scientific novelty of the results obtained lies in the fact
that for the first time it has been proposed to use a navigation
simulator for the development and testing of mathematical,

algorithmic and software tools for automatic and automated
vessel motion control systems. This is achieved due to the fact
that the LAN of the navigation simulator, which includes the
instructor’s workplace, command device models, models of
visualization channels and models of dynamics, additionally
integrates a Control System Model, which is one or several
personal computers with information exchange software and
functional software for controlling the movement of the vessel,
creating an exercise at the instructor’s workplace and running
the simulator. The parameters of the vessel movement are read
by the information exchange software into the Control System
Model and processed there by functional algorithms to obtain
controls; the obtained controls are transferred by the
information exchange software back to the simulator to take
into account their effects on the movement of the vessel model.

The practical value of the obtained results lies in the fact that
mathematical modelling has confirmed the operability and
efficiency of the created Imitation Modelling Stand by the
example of working out the mathematical, algorithmic and
software tools of automatic collision avoidance system with
many targets, including manoeuvring ones, which allows them
to be recommended for practical use.

Further research will be related to the adaptation of the
created Imitation Modelling Stand for the development and
testing of offshore vessel functional software.

ACKNOWLEDGMENT

The study has been performed in the framework of the
research “Development of Software Solutions for Dynamic
Functions of Dynamically Positioning Systems of Marine
Vessels”, (state registration number 0119U100948),
Department of Navigation and Electronic Navigation Systems
of Kherson State Maritime Academy.

REFERENCES

[1] R. Apostol-Mates, and A. Barbu, “Human error — the main factor in
marine accidents,” Naval Academy Scientific Bulletin, vol. 19(2), pp. 451—
454,2016. https://doi.org/10.21279/1454-864X-16-12-068

[2] Marine Insight. “The Relation between Human Error and Marine
Industry.” Available: https://www.marineinsight.com/marine-safety/the-
relation-between-human-error-and-marine-industry/

[3] P. Sotiralis, N. P. Ventikos, R. Hamann, P. Golyshev, and A. P. Teixeira,
“Incorporation of human factors into ship collision risk models focusing
on human centred design aspects,” Reliability Engineering & System
Safety, vol. 156, pp. 210-227, 2016.
https://doi.org/10.1016/j.ress.2016.08.007

[4] L S. Popovych, V. V. Cherniavskyi, S. V. Dudchenko, S. M. Zinchenko,
P. S. Nosov, O. O. Yevdokimova, O. O. Burak, and V. M. Mateichuk,
“Experimental Research of Effective “The Ship’s Captain and the Pilot”
Interaction Formation by Means of Training Technologies,” Revista
ESPACIOS, vol. 41(11), pp. 30, 2020. Available:
http://www.revistaespacios.com/a20v41n11/20411130.html

[5] I Popovych, Blynova, O., M. Aleksieieva, P. Nosov, N. Zavatska, and O.
Smyrnova, “Research of Relationship between the Social Expectations
and Professional Training of Lyceum Students studying in the Field of
Shipbuilding”, Revista ESPACIOS, vol. 40(33), pp. 21, 2019. Available:
https://www.revistaespacios.com/ al9v40n33/19403321.html

[6] P. Nosov, S. Zinchenko, I. Popovych, M. Safonov, 1. Palamarchuk, and
V. Blah, “Decision support during the vessel control at the time of
negative manifestation of human factor”, CEUR Workshop Proceedings
(CMIS-2020), http://ceur-ws.org/Vol-2608/paper2.pdf

63


https://doi.org/10.21279/1454-864X-16-I2-068
https://www.marineinsight.com/marine-safety/the-relation-between-human-error-and-marine-industry/
https://www.marineinsight.com/marine-safety/the-relation-between-human-error-and-marine-industry/
https://www.sciencedirect.com/science/article/pii/S0951832016303647#!
https://www.sciencedirect.com/science/article/pii/S0951832016303647#!
https://www.sciencedirect.com/science/article/pii/S0951832016303647#!
https://www.sciencedirect.com/science/article/pii/S0951832016303647#!
https://www.sciencedirect.com/science/article/pii/S0951832016303647#!
https://www.sciencedirect.com/science/journal/09518320
https://www.sciencedirect.com/science/journal/09518320
https://www.sciencedirect.com/science/journal/09518320/156/supp/C
https://doi.org/10.1016/j.ress.2016.08.007
http://www.revistaespacios.com/a20v41n11/20411130.html
https://www.revistaespacios.com/%20a19v40n33/19403321.html

Electrical, Control and Communication Engineering

2020, vol. 16, no. 2

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20

[

[21]

[22

—

(23]

[24]

P. Nosov, 1. Palamarchuk, S. Zinchenko, 1. Popovych, Y. Nahrybelnyi,
and H. Nosova, “Development of means for experimental identification
of navigator attention in ergatic systems of maritime transport”, Bulletin
of University of Karaganda. Technical Physics, 1(97), pp. 5869, 2020.
S. M. Zinchenko, P. S. Nosov, V. M. Mateichuk, P. P. Mamenko, I. S.
Popovych, and O. O. Grosheva, “Automatic collision avoidance system
with multiple targets, including maneuvering ones,” Radio Electronics,
Computer  Science,  Control, vol. 4, pp. 69-79, 2019.
https://doi.org/10.15588/1607-3274-2019-4-20

S. Zinchenko, A. Ben, P. Nosov, 1. Popovych, P. Mamenko, and V.
Mateychuk, “Improving the accuracy and reliability of automatic vessel
motion control system,” Radio Electronics, Computer Science, Control,
vol. 2, pp. 183-195, 2020. https://doi.org/10.15588/1607-3274-2020-2-19
M. Luo, and S. Shin, “Half-century research developments in maritime
accidents: Future directions,” Accident Analysis & Prevention, vol. 123,
pp. 448-460, 2019. https://doi.org/10.1016/j.aap.2016.04.010

T. Plachkova, “Human factor in ensuring safety of navigation: Legal
means of reducing the impact,” Lex Portus, vol. 2, no. 4, pp. 182-197,
2017.

A. Rassolkin, R. Sell, and M. Leier, “Development case study of the first
Estonian self-driving car, ISEAUTO,” Electrical, Control and
Communication Engineering, vol. 14, no. 1, pp. 81-88, 2018.
https://doi.org/10.2478/ecce-2018-0009

G. Zaleskis, V. Brazis, and L. Latkovskis, “Estimation of Traction Drive
Test Bench with Energy Storage System Operation in Regenerative Braking
Mode,” Electrical, Control and Communication Engineering, vol. 1, no. 1,
pp. 4045, 2012. https://doi.org/10.2478/v10314-012-0007-y

A. Komeyev, M. Gorobetz, 1. Alps, and L. Ribickis, “Adaptive Traction
Drive Control Algorithm for Electrical Energy Consumption
Minimisation of Autonomous Unmanned Aerial Vehicle,” Electrical,
Control and Communication Engineering, vol. 15, no. 2, pp. 62-70,2019.
https://doi.org/10.2478/ecce-2019-0009

P. K. Minne, “Automatic testing of maritime collision avoidance
algorithms”, Master thesis, Norwegian University of Science and
Technology, 2017.

R. Isermann, J. Schaffnit, and S. Sinsel, “Hardware-in-the-loop simulation
for the design and testing of engine-control systems,” /[FAC Proceedings
Volumes, vol. 31, no 4, pp. 1-10, Apr. 1998.
https://doi.org/10.1016/S1474-6670(17)42125-2

R. Skjetne, and O. Egeland, “Hardware-in-the-loop testing of marine
control system,” MIC Journal Modeling, Identification and Control,
vol. 27, no. 4, pp. 239-258, Apr. 2006.
https://doi.org/10.4173/mic.2006.4.3

S. Pouria, and S. Yousefpour, “State of the art: hardware in the loop
modeling and simulation with its applications in design, development and
implementation of system and control software,” International Journal of
Dynamics and Control, vol. 3, pp. 470479, 2015.
https://doi.org/10.1007/s40435-014-0108-3

T. Johansen, T. Fossen, and B. Vik, “Hardware-in-the-loop testing of DP
systems,” in Dynamic Positioning Conference, 15-16 Nov. 2005,
Trondheim, Norway: Norwegian University of Science and Technology,
pp. 1-16, 2005.

Transas MIP Ltd, Navi-Trainer Professional 5000 v5.35 Technical
Description and Installation Manual, 2014.

Transas MIP Ltd, Navi-Trainer Professional 5000 v5.35 Instructor
Manual, 2014.

Transas MIP Ltd, Navi-Trainer Professional 5000 v5.35 Bridge Manual.
2014.

S. Zinchenko, V. Lyashenko, and V. Matejchuk, “Method to avoid
collision with dangerous targets”, Ukrainian patent for a useful model
No. 129699 from 12.11.2018, bul. 21. Available:
https://base.uipv.org/searchINV/search.php?action=viewdetails&ldClai
m=252632

S. Zinchenko, V. Mateichuk, V. Lyashenko, A. Ben, O. Tovstokoryi and
O. Grosheva, “Method of using training equipment for the development
and testing of vessel motion control systems,” Ukrainian patent for a
useful model No. 133709 from 25.04.2019, bul. 8. Available:
https://base.uipv.org/searchINV/search.php?action=viewdetails&ldClai
m=257693

Serhii Zinchenko graduated in 1979 from Kharkov Aviation Institute (now the
Aerospace University) with a specialty of aircraft engineer. Since 1979, he has
worked at the scientific production association Hartron, developed software for
spacecraft control systems. In 1993, he obtained the degree of the Candidate of
Technical Sciences in a specialty of Systems for Special Purposes, Information
Processing and Control. Current position — Senior Lecturer of Ship Handling
Department, Head of the Laboratory of Electronic Simulators, Kherson State
Maritime Academy, Ukraine. Fields of research interest: systems of automatic,
automated control and ship handling.

E-mail: srz56@ukr.net

ORCID iD: https://orcid.org/0000-0001-5012-5029

Vadym Mateichuk received the B. sc. degree in Computer Science from
Kherson State University and B. sc. degree in Navigation from Kherson State
Maritime Academy, Kherson, Ukraine, in 2010 and 2017, respectively. Current
position — Head of the Laboratory of Electronic Simulators, Senior Lecturer of
Ship Handling Department, Kherson State Maritime Academy, Ukraine. Fields
of research interest: systems of automatic, automated control and ship handling.

E-mail: mateichykv(@gmail.com
ORCID iD: https://orcid.org/0000-0001-9328-0651

Pavlo Nosov received the degree of Candidate of Technical Sciences from
Odessa National Polytechnic University, specialty — Systems and Means of
Artificial Intelligence, in 2007. He is the author of more than 200 scientific
works, including 4 monographs. Current position — Associate Professor of
Navigation and Electronic Navigation Systems Department, Kherson State
Maritime Academy, Ukraine. Fields of research interest: computer science,
mathematical model of the human factor in maritime transport.

E-mail: pason@ukr.net
ORCID iD: https://orcid.org/0000-0003-3157-5096

Thor Popovych received the degree of Candidate of Psychological Sciences in
Social Psychology; Psychology of Social Work in 2008. He defended his
Doctoral Thesis in 2017. He is the author of more than 150 scientific works,
including 6 monographs. Current position — Professor of the Department of
General and Social Psychology, Kherson State University, Kherson, Ukraine.
Fields of research interest: psychology of social expectations of the personality,
psychology of constructing the future.

E-mail: ihorpopovych999@gmail.com

ORCID iD: https://orcid.org/0000-0002-1663-111X

Oleksandr Solovey received the specialist diploma and qualification of teacher
of physics and informatics from Kherson State Pedagogical University in 2001.
In 2013, he received the specialist diploma in navigation from Kherson State
Maritime Academy. Current position — Head of Practice, Certification and
Employment Department of Kherson State Maritime Academy. Field of
research interest: control systems in maritime industry.

E-mail: oleksandr_79@ukr.net
ORCID iD: https://orcid.org/0000-0002-2605-6788

Pavlo Mamenko graduated from Kherson Maritime College in a specialty of
Navigation and Ship Energetics in 2005. In 2008, he obtained a degree in
navigation from Kherson State Maritime Institute (now Kherson State Maritime
Academy). Current position — Senior Lecturer of Ship Handling Department,
Kherson State Maritime Academy, Ukraine. He is a Deep Sea Captain; the
overall experience on ships is 33 years. Currently, he is working as a captain on
ships of the shipping company MSC. Fields of research interest: systems of
automatic, automated control and ship handling.

E-mail: pavlo.mamenko@gmail.com

Olga Grosheva received the M. sc. degree in Economic Cybernetics from
Kherson State Technical University (now Kherson National Technical
University) in 2003. In 2006, she completed her postgraduate studies at Kherson
National Technical University in a specialty of Automated Control Systems and
Progressive Technologies. Current position — Senior Lecturer of Ship Handling
Department, Kherson State Maritime Academy, Ukraine. Fields of research
interest: systems of automatic, automated control and ship handling.

E-mail: olgamelyaeva@gmail.com
ORCID iD: https://orcid.org/0000-0001-9022-4697

64


https://vestnik.ksu.kz/
https://doi.org/10.15588/1607-3274-2019-4-20
https://doi.org/10.15588/1607-3274-2020-2-19
https://www.sciencedirect.com/science/journal/00014575
https://www.sciencedirect.com/science/journal/00014575/123/supp/C
https://doi.org/10.1016/j.aap.2016.04.010
https://doi.org/10.2478/ecce-2018-0009
https://doi.org/10.2478/v10314-012-0007-y
https://doi.org/10.2478/ecce-2019-0009
https://doi.org/10.1016/S1474-6670(17)42125-2
https://doi.org/10.4173/mic.2006.4.3
https://doi.org/10.1007/s40435-014-0108-3
https://base.uipv.org/searchINV/search.php?action=viewdetails&IdClaim=252632
https://base.uipv.org/searchINV/search.php?action=viewdetails&IdClaim=252632
https://base.uipv.org/searchINV/search.php?action=viewdetails&IdClaim=257693
https://base.uipv.org/searchINV/search.php?action=viewdetails&IdClaim=257693
mailto:srz56@ukr.net
https://orcid.org/0000-0001-5012-5029
mailto:mateichykv@gmail.com
https://orcid.org/0000-0001-9328-0651
mailto:pason@ukr.net
https://orcid.org/0000-0003-3157-5096
mailto:ihorpopovych999@gmail.com
https://orcid.org/0000-0002-1663-111X
mailto:oleksandr_79@ukr.net
https://orcid.org/0000-0002-2605-6788
mailto:pavlo.mamenko@gmail.com
mailto:olgamelyaeva@gmail.com
https://orcid.org/0000-0001-9022-4697

