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Abstract— In this paper an optimal control algorithm is 

proposed to overcome low performance problems arising 

from the non-linear characteristics of PID controllers used on 

board a ship. Different applications are proposed with 

mathematical modelling and how it can be used in ship 

building. In this article the solutions for optimal power flow 

(OPF) problem, navigation problems, roll fin stabilization 

problem, emission problem etc. are discussed with proposed 

solutions. Different existing models are shown and how it can 

be improved using AI tuning methods is also discussed. If 

proper implementation of A.I technology happens this will 

solve the problems of controlling and hence will prove to be 

more effective than any available methods. 

Key words: Particle Swamp Optimisation (POS), Multiple-

Objective PSO (MPSO) 

I. INTRODUCTION 

In order to ensure the safe navigation of surface vessels, their 

motion has to be controlled accurately, the fuel consumed 

should be monitored, time management and ship’s main 

engine should be controlled for the efficient navigation of 

vessel. This control can be provided through the application 

of Control Theory. In general, Control Theory provides 

design strategies that allow a better understanding of the 

system being referred to and a mechanism to regulate the way 

it operates. There are various Control Theories or 

methodologies that have their own structure. Unfortunately, 

none of these methods perform their controlling duties 

satisfactorily due to inherent limitations imposed by the 

controller structure. In addition, the performance of these 

controllers depends on the values of the controller’s 

parameters. Conventionally, the designer manually tunes 

these parameters to find an acceptable solution. However, this 

relies on ‘Hit and Trial’ approach to tuning, which depends 

on the experience and qualitative judgement of the designer. 

This process can be very slow and there is no guarantee of the 

designed solution’s satisfactory performance. 

 A solution to this problem is to use Optimisation 

Techniques that tune such parameters automatically. 

 This Paper presents a ‘Particle Swarm Optimisation 

(PSO)’ [2] method for determining the optimal Proportional-

Integral Derivative (PID) controller parameters [5], for 

control of speed, engine room, pollution and also navigation 

through auto-pilot. 

 The economic shipping strategy [3] i.e. the cost of 

work, is reduced through proper allocation of the generated 

energy by respective generator units and a designed 

methodology for the navigation and positioning. Now-a-days 

several computer-based algorithms are available in 

Mathematics to find the optimal solution of any linear or non-

linear function. These algorithms are generally classified as 

Conventional and Evolutionary Techniques. Particle Swarm 

Optimisation has been used in some multi-objective problems 

[6] considering various cost functions such as the combined 

cost of active and reactive power. In the optimal power supply 

[1], generators are reprogrammed to minimise cost, at the 

same time minimising impact emissions [1], effective trade 

routing, dynamic route selection etc. 

II. ABOUT PSO 

Particle Swarm Optimisation (PSO) is a computational 

method that optimises a problem by iteratively trying to 

improve a candidate solution with regard to a given measure 

of quality [5]. It solves a problem by having a population of 

candidate solutions, here, dubbed particles, and moving these 

particles around in the search-space according to 

simple mathematical formulae over the particles’ 

position and velocity. Each particle’s movement is 

influenced by its local best known position, but is also guided 

towards the best known positions in the search-space, which 

are updated as better positions as found by other particles [8]. 

This is expected to move the swarm towards the best 

solutions. In a physical n-dimensional search-space, the PSO 

finds its best position by comparing different particles in a 

population, with one another. Comparison in PSO can be 

done in three ways: pbest, lbest and gbest. 

1) The ‘pbest’ is the best solution achieved by the particle 

so far. 

2) 2. The ‘lbest’ is the another best value that is tracked by 

the Particle Swarm Optimiser. It means the best value 

obtained so far, by the particle in its neighbourhood. 

3) 3. The ‘gbest’ is the globally found best value in the 

swarm. 

 The PSO algorithm {5} updates its velocity and 

position when the particle finds its best solution and improves 

the swarm towards a better position. Considering a search 

space of d-dimension and n particles, whoseith particle is at a 

particular position.Xi(x1i, xi2, … … . . xin) is moving with a 

velocityVi(v1i, v2i, … … vdi);each particle is associated with 

its particular best, (pi1, pi2, … … pid) which is defined by its 

own best performance in the swarm. 

 Similarly, an overall best performance of the particle 

with respect to the swarm is defined as global best i.e. gbest. 

Each particle tries to modify its own position using the 

following information: 

 Current position, 

 Current velocity, 

 Distance between the current position and pbest 

 Distance between the current position and gbest. 

The movement of the particle is governed by updating its 

velocity and position attributes. 

Vi
t+1 = wVi

t + c1r1(xpbest − Xi
t) + c2r2(xgbest − Xi

t){1.1} 

Xi
t+1 = Xi

t + Vi
t+1   {1.2} 

 Where w =inertia weight, c1=cognitive acceleration 

coefficient and c2 =social acceleration coefficient ,r1 and r2 

are the random variable between 0 and 1, xpbestis the personal 

best of the particle and xgbest is the global best of the particle. 

Xi
t Is the current position of ith particle at iteration t. In 
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standard PSO [12] , a minimisation problem is considered 

which tends to find a parameter set x
→

 ,a vector of m decision 

variable: x = (x1, x2, … . . xm)th  for singe objective but can 

also be used for multiple objective operations. 

 

A. PID Tuning: 

The PID controller uses a feedback loop, which controls a 

parameter of the system called the 

 Process Variable (PV)[6][1], which is supposed to 

match with the desired output, the Set Point (SP). A PV is any 

physical quantity of the system that can be measured using 

the sensor and can be controlled. The PID controller uses an 

“error,” the difference between SP and PV, in each loop to 

control the system. It is more like a machine that measures 

the error in each loop and gives the necessary signals to an 

actuator, a device that works according to the received signals 

from the controller, to minimise the error. 

 The controller should have a PID loop that runs 

through the system in each specific time interval, called the 

Sample Time, rather than at any random time interval. Hence, 

the execution of the controller’s effort can be observed and 

calculated at every sample time-interval. The user should be 

careful while writing the codes when changing the sample 

time of the PID loop. 

 
A simple PID control function output is: 

 
 In the proposed PSO method each particle contains 

three members P, I and D. It means that the search space has 

three dimensions and particles must ‘fly’ in a three 

dimensional space. 

 In PSO algorithm, each particle represents a solution 

to the optimisation problem and all of these forms of a single 

variable decision-making vector Xi. Initial particles are 

randomly generated within limits by a uniform distribution 

using the following equation 

Xi = Xi
min + rand(. ) ∗ (Xi

max − Xi
max) 

 Particle PSO algorithm follows the strong swarm 

element and moves to more areas of historic space provided. 

To achieve this goal, individuals are associated with certain 

speed, V. From zero at each iteration, speed is updated by the 

best overall position in the problem space called gbest and the 

best known of a particle called pbest and individual position 

using the aforementioned equation {1.1}. 

 Here, R1& R2 are the random numbers generated 

between 0 and 1. C1& C2 can vary in range of 0-4 but these 

are adjusted such as C1 + C2 = 4. 

And the position is updated by the equation {1.2}. 

 Hence finally all the particles will be moving to the 

Mean Position or Set Value, eliminating the error in a very 

small time. 

III. IMPLEMENTATION OF PSO & MPSO IN SHIP: 

A. Control of a ‘Ship’s Roll Motion Damping System’: 

For Study of the Ship Roll Damping Controller {4}, a 

mathematical model of the ship’s motions is needed. Six 

degrees of freedom, non-linear ship dynamics under 

environmental and loading conditions, can be simplified to a 

single degree of freedom roll motion depending on pitch and 

heave motions: 

(𝑰 + 𝑨)𝜽
¨

+ 𝑩𝜽
˙

+ 𝑪𝜽 = 𝑴𝑬 + 𝑴𝑪 

Where, 

 𝜽: The ship’s roll angle around the longitudinal axis 

I: Mass moment of inertia. 
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A: Added mass moment of inertia. 

B: Roll damping moment proportional to a ship roll velocity. 

C: Righting moment 

And 𝑴𝑬: Movement of Environmental forces & 𝑴𝑪: 

Moment of an active fin system 

 The PDD, widely used for active fin controller, is a 

special form of PID. The PDD controller with constant 

coefficients is insufficient for an active fin system due to non-

linearity, and updating the controller coefficients is a very 

difficult task under changing environmental conditions. 

Therefore, PDD controller coefficients can be adapted with 

PSO to improve the roll damping performance. 

 

B. Minimise the total cost of generated fuel and control of 

flue gases (NOx, CO2, SO2) emission{3} : 

The fuel consumption has always been a concern of the 

shipping industry and ship owners. The fuel cost of each 

fossil fuel generator can be expressed as a single quadratic 

function. Total cost, in terms of real power and cost 

coefficients (a, b, c) can be expressed as: 

𝒇(𝒑𝒈) = ∑ 𝒂𝒊

𝑵𝑨

𝒊=1

𝒑𝒈𝒊
𝟐 + 𝒃𝒊𝒑𝒈𝒊 + 𝒄𝒊 (

$

𝒉
) {𝟒. 𝟏} 

 Now, the emission of flue gasses is the main 

problem of shipping industry; with new IMO regulations and 

MARPOL, the shipping industry faces a problem of reduction 

in emission with very less increase in fuel cost. The emission 

function can be expressed as the sum of quantity of all emitted 

types of flue gases. The emission clearance problem can be 

formulated as an optimisation function in terms of output 

power and emission coefficients (d, e, and f) of each unit: 

𝑬(𝒑𝒈) = ∑ 𝒅𝒊

𝑵𝑮

𝒊=𝟏

𝒑𝒈𝒊
𝟐 + 𝒆𝒊𝒑𝒈𝒊 + 𝒇𝒊 (

𝒌𝒈

𝒉
) {𝟒. 𝟐} 

 By introducing a Price Penalty Factor Pf (H) the 

above-mentioned optimisation problems can be converted 

into a single bi-objective function. Here the function of H in 

terms of max Pg of each unit is given as: 

𝑯 =
∑ 𝒂𝒊𝒑𝒎𝒂𝒙𝒊

𝟐𝑵𝑮
𝒊=𝟏 + 𝒃𝒊𝒑𝒎𝒂𝒙𝒊 + 𝒄𝒊

∑ 𝒅𝒊𝒑𝒎𝒂𝒙𝒊
𝟐 + 𝒃𝒊

𝑵𝑮
𝒊=𝟏 𝒑𝒎𝒂𝒙𝒊 + 𝒇𝒊

{𝟒. 𝟑} 

 Here, H is price penalty factor, which combines the 

emission cost with the normal fuel costs. Thus, the Total Cost 

Function (CF) of the system is the addition of fuel cost and 

the implied cost of emission and a bi-objective function can 

be developed from equation {4.1} and {4.2} bi-objective 

function solved by weighted sum method by introducing 

weighting factors 𝒘𝒆𝒄𝒐 and 𝒘𝒆𝒎𝒊, and combined cost function 

can be expressed as follows: 

𝑪𝑭 = 𝒘𝒆𝒄𝒐 ∗ 𝒇(𝒑𝒈) + 𝒘𝒆𝒎𝒊 ∗ {𝑯 ∗ 𝑬(𝒑𝒈)}   {𝟒. 𝟒} 
 Hence a classic ELD problem occurs while the issue 

becomes purely emission control problem if 𝒘𝒆𝒄𝒐is 1.0 and 

𝒘𝒆𝒎𝒊 is 1.0 respectively or vice-versa. In order to set the 

combined economic problem and the emission remediation, 

both weighting factors must be greater than 0.0 and less than 

1.0. 

 Hence, PSO and MPSO (Multi Objective Particle 

Swamp Optimisation) [8] is used to develop multiple 

particles and then finding an optimal solution for equation 

{4.4} and then creating a set value for the Main Engine 

Control System. The proposed approach, Multi-Objective 

PSO is proposed to solve the problem of adjusting weighting 

factors by uniting “Pareto-dominance principles” with PSO 

[12].  

C. Autopilot Systems: 

An autopilot is a system [11] used to control the trajectory of 

a vehicle without constant 'hands-on' control by a human 

operator being required. Autopilots do not replace a human 

operator, but assist them in controlling the vehicle, allowing 

them to focus on broader aspects of operation, such as 

monitoring the trajectory, weather and systems. Autopilots 

are used in aircrafts, boats (known as self-steering gear), 

spacecrafts, missiles and e.t.c. Autopilots have evolved 

significantly over time, from early autopilots that merely held 

an attitude to modern autopilots capable of performing 

automated landings under the supervision of a pilot. 

 Numerous variants of even a basic PSO algorithm 

are possible[10] . For example, there are different ways to 

initialise the particles and velocities (e.g. start with zero 

velocities instead), how to dampen the velocity, only update 

pbest and gbest after the entire swarm has been updated, etc. 

Some of these choices and their possible performance 

impacts have been discussed in the literature. New and more 

sophisticated PSO variants are also continually being 

introduced in an attempt to improve optimisation 

performance. There are certain trends and researches; one is 

to make a hybrid optimisation method using PSO combined 

with other optimisers, e.g., the incorporation of an effective 

learning method. Another research trend is to try and alleviate 

premature convergence (that is, optimisation stagnation), e.g. 

by reversing or perturbing the movement of the PSO 

 Particles, another approach to deal with Premature 

Convergence is the use of multiple swarms (multi-swarm 

optimisation). The multi-swarm approach can also be used to 

implement multi-objective optimisation. Finally, there are 

developments in adapting the behavioural parameters of PSO 

during optimisation. 

 
Fig. 1: proposed control system using PSO 
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D. Roll fin Stabilization System: 

It is known that a ship on route is likely to be off the stable 

zone due to disrupting hydrodynamic forces of a ship’s 

rolling motion. Safety of voyage has to be ensured against the 

disrupting hydrodynamic effects of passengers as well as 

cargos, and roll amplitude has to be at an acceptable level. 

Therefore, a number of applications such as fin roll stabilisers 

and U-tube have been used, Sgoppo and Persons, famous 

scientists demonstrated that roll motion can be reduced by 

35% through fin roll stabiliser system based on WMEC 901 

class ship with 3rd degree of freedom model. Surendran, et al 

of Stanford pointed out that nonlinear rolling motion could be 

minimised with the fin roll stabiliser based on PID 

(Proportional-Integral-Derivative) control algorithm 

considering a frigate warship. In this study, he acquired lift 

characteristics of the fin roll stabiliser stemming from 

hydrodynamic flow using CFD (Computational Fluid 

Dynamics). In simulations for different occasions, an 80% 

reduction in roll value was observed. By Lyapunov’s direct 

method, the key issue - stability, which is needed during the 

course of sailing was examined considering initial conditions, 

and it was realised that the system was generally stable. 

Besides, NACA 0015 model was utilised for the fin roll 

stabiliser, and flow analysis was conducted by CFD method. 

According to the simulation results, when the same gains 

were practised, modified PID controller algorithms were 

rather more efficient than conventional PID in the roll fin 

stabiliser system. In control application, mathematical model 

was presented to perform numerical simulations of different 

scenarios, and to obtain the performance of the fin stabiliser 

system. 

 Hence, the best approach to such control problems 

can be best solved by the use of PID tuning by “PSO” 

algorithm. 

IV. CONCLUSION 

This paper showcased the application of PSO and MPSO in 

Advanced Ship Technology, simultaneously proposing 

various approaches for improvement of Ship's performance 

capability and Pollution Control. With the advancement in AI 

technology, errors can be highly minimised and hence 

awarding with an improved and increased overall efficiency. 

In this paper various mathematical functions were proposed 

and how they can be utilised to tune the controllers using 

sophisticated AI algorithm. 
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