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USE OF THE PIVOT POINT CONCEPT FOR AUTOMATIC CONTROL OF
A VESSEL WITHOUT DRIFT ANGLE
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Abstract: In recent years, the number of ships and their size has increased significantly, while
the size of ports is growing at a much slower pace. There is an urgent need to optimize
maneuvering processes in compressed waters. Specialists drew attention to the use of the pivot
point concept when maneuvering the vessel in compressed waters, which allows lateral and angular
movement of the vessel in the yaw channel to replace one rotational motion around a conditional
point — the pivot point. The use of the pivot point concept for maneuvering the vessel with
longitudinal speed is investigated, the mathematical modeling of the long approach of the vessel to
the mooring object without drift angle is carried out.

Keywords: pivot point, center of circulation, linearized model, steady motion, control lines,
imitation modeling stand.

BUKOPUCTAHHSA KOHLENLIT TOJIOCY NOBOPOTY JIJIA _
ABTOMATHYHOI'O KEPYBAHHA PYXOM CYJIHA BE3 KYTA IPEU®Y

C. M. 3inuenko, II. Il. Mamenko, II. C. Hocos, B. M. Marteiiuyk,
K. B. Kupuuenko, O. O. I'poiesa
XepcoHCchKa JepkaBHa MOPChKa akaaeMis

Anomauia: 3a ocmanHi poku cymmeso 3pocia KilbKicms cyoen ma ix po3mipu, y moil 4ac sK
PO3MIpU NOpmié poCmymsv 3HAYHO MeHWUMU memnamy. Bunuxna axmyaivha HeoOXiOHicmb
onmumizayii npoyecie mauespysanus y cmuchenux eooax. Cneyianicmu 36epnynu yeazy Ha
BUKOPUCMAHHS KOHYEnYii noaiocy nogopomy npu MAaHespy8aHHi CYOHOM Y CIMUCHEHUX 800aX, AKa
003607151€ OOKOBULI MA KYMOGUL PYX CYOHA Yy KAHALI PUCKAHHA 3AMIHUMU OOHUM 00epmaibHUM
PYXOM HABKONO YMOBHOI MOYKU — HOAOCY Nogopomy. Y pobomi 0ocnioxceni numaHms
BUKOPUCAHHA  KOHYenyii noaocy nogopomy Olsl MAHEBPYBAHHA CYOHA 3 MNO3008HCHLOIO
WEUOKICMIO, NPOBEOEeHO MamemMamuyHe MOoOent08aHHsA OAIbHbO2O NI0OX00Y CYOHA 00 WBAPMOBOT
cminKu 6e3 Kyma opeugy.

Knrouoei cnoea: nonioc nosopomy, yeHmp yupkyiayii, 1iHeapuzo8ana mooeis, yCmanieHull
PYX, NiHii Kepy8aHv, CMeHO IMIMmayiliHo20 MOOeI08AHHS.
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Over the past 10-20 years, the intensity of navigation and the speed of vessels
have increased significantly, and with them the flow of information has also
increased. It is becoming increasingly difficult for skippers to find the right control
decisions, especially in critical situations, which is the reason for the increasing
number of accidents in maritime transport. Accident statistics in the global maritime
industry show that 85% of all accidents occur due to the fault of the human factor.
According to experts, a significant reduction in accidents can be achieved only by
reducing human intervention in control, namely through the creation of decision
support systems (DSS), ergatic [1, 2] and automated systems with automatic control
modules [3-14]. DSS control the operation of individual navigation modules and, in
the event that the operating parameters of the modules go beyond the permissible
limits, issue warning messages or even give “advice” on how to control the vessel.
The navigator must comprehend the information received before making a decision,
which also takes time [1, 2]. In this regard, automated systems with automatic control
modules deserve special attention. In this case, the navigator only makes a decision to
activate the automatic control mode and observes its implementation from the
outside. In this paper, one of such automatic control modules is considered, which
uses the concept of the pole of turn to control the movement of the vessel without a
drift angle under external influences.

In article [19] it is shown that the position of the pivot point, taking into account
the longitudinal speed of the vessel can be found from the vector equation

V+oxR=0

where V =(V,,V,.V,) is the vector of linear speed of the vessel,
o = (o, 0,,,) is the vector of angular rate of the vessel,
R=(Ry,Ry,R,) is the vector that determines the position of the pivot point.

Explaining the given vector equation along the axes of the connected coordinate
system, we obtain

V, [ j k 0
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V, Ry R, R, 0
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In Fig. 1 shows the movement of the vessel with longitudinal speed without drift
angle and with drift angle, as well as the position of the pivot point and the center of
circulation.

As can be seen from the figure, the movement of the vessel with a drift angle in
some cases (for example, during mooring) is impossible, as it leads to the
accumulation of the vessel on the mooring wall.

In Fig. 2 shows a scheme of control of a vessel having a longitudinal speed.
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Figure 1 — Movement of the vessel with longitudinal speed without drift angle and
with drift angle
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Figure 2 — Scheme of control of a vessel having a longitudinal speed

Linearized system of differential equations of vessel motion in the linked
coordinate system for the control scheme shown in Fig. 2, has the form
F F,
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t 00 00r oV,
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dv dv, _do

For steady state (5, =% 5 =% ~ ). system (1) can be written as
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X = : (GP 0 - . 5R)7
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(2)
; . Vy . . ;
Considering R=———, after simple transformations, we get a line of control
z
R =R”, ensuring the vessel rotation around a given pivot point R *.
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Define the control line V, =0. From the second equation of system (2) we find
dF, do dF, do

8, =~6, - 0~
tT7% dedF, T dog dF,

OR,

‘9‘ 3%’ ‘5R‘ < ORmax ‘51‘ < Ormax s ‘52‘ < Omax. (4)

Define the control line », = 0. From the third equation of system (2) we find
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In Fig. 3 shows a control line R = R* that ensures the vessel rotation around a
given pivot point, a control line V, =0 that ensures the movement of the vessel with

zero drift angle, and a control line », = 0 that provides a straight line.

V,>0.0.>0,R*<0

vy, <0,0, > 0,R*=0

V,<0,m, <0,R*<0

Figure 3 — Vessel control lines in the permissible control area

An experiment on automatic mooring of a vessel without drift angle using the
considered method was performed on the imitation modeling stand [15-18], created
by authors on the basis of Navi Trainer 5000 navigation simulator. The imitation
modeling stand includes the Navi Trainer 5000 simulator itself and an additional
model of the control system integrated into the local area network. The imitation
modeling stand allows to develop and test the functional software of the modules of
automatic control of automated systems in a closed circuit with the Navi Trainer 5000
navigation simulator, using all its possibilities, namely: swimming areas, weather
conditions, training scene objects, navigation equipment, visualization channels, etc.

Conclusions. 1. Developed methods of forming controls using the concept of
the pivot point to organize the movement of the vessel around the pivot point with
longitudinal speed.

2. Control lines have been built to ensure the movement of the vessel with zero
lateral speed and drift angle; movement of the vessel with zero angular velocity in the
yaw channel; the movement of the vessel around a given position of the pivot point.

3. It is shown that the obtained control lines divide the area of permissible
controls into domains in which different variants of sets of positive and negative
values of lateral, angular velocity and position of the pivot point are realized.

4. Mathematical modeling of the vessel automatic mooring processes without
drift angle was carried out, which confirmed the efficiency and effectiveness of the
developed methods.
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