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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.
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Анотація: За останні роки суттєво зросла кількість суден та їх розміри, у той час як
розміри портів ростуть значно меншими темпами. Виникла актуальна необхідність
оптимізації процесів маневрування у стиснених водах. Спеціалісти звернули увагу на
використання концепції полюсу повороту при маневруванні судном у стиснених водах, яка
дозволяє боковий та кутовий рух судна у каналі рискання замінити одним обертальним
рухом навколо умовної точки – полюсу повороту. У роботі досліджені питання
використання концепції полюсу повороту для маневрування судна з поздовжньою
швидкістю, проведено математичне моделювання дальнього підходу судна до швартової
стінки без кута дрейфу.

Ключові слова: полюс повороту, центр циркуляції, лінеаризована модель, усталений
рух, лінії керувань, стенд імітаційного моделювання.
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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 

 0RωV =×+ , 
where ).,( zyx VVV=V  is the vector of linear speed of the vessel, 

 ),,( zyx ωωω=ω  is the vector of angular rate of the vessel, 

   ),,( zyx RRR=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 
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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  

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 
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For steady state ( 0,0,0 ===
dt

d
dt

dV
dt

dV zyx ω
), system (1) can be written as 
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Considering 
z

yV
R

ω
−=  , after simple transformations, we get a line of control 

*RR = , ensuring the vessel rotation around a given pivot point *R . 
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Define the control line 0=yV . From the second equation of system (2) we find 
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Define the control line 0=zω . From the third equation of system (2) we find 



кафедри СЕУ і ТЕ Одеського національного морського університету  

 

Marine Power Plants and Operation   321 

max2max1max

11
2

1

2
1

,,,
2

,
)(
)(

)(
)(

)(
)(

δδδδδδπθ

δ
δ

δ
θ

θ
δ

δδ

≤≤≤≤

∆+
∆+

−
∆+
∆+

−
∆+
∆−

=

RR

R
R

yR

yP

y

y

xl
xl

dFd
ddF

xl
xl

dFd
ddF

xl
xl

 (5) 
 

In Fig. 3 shows a control line *RR =  that ensures the vessel rotation around a 
given pivot point, a control line 0=yV  that ensures the movement of the vessel with 
zero drift angle, and a control line 0=zω  that provides a straight line. 

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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