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Abstract 
 

In this study, a thruster allocation method of a deep-sea working vessel was proposed with the aims of producing 
the demanded generalized forces and moment for dynamic positioning while at the same time minimizing total 
power. For this, an optimization problem for thrust allocation was mathematically formulated with design 
variables, objective function, and constraints. The genetic algorithms (GA) was used to solve the formulated 
problem. The proposed method was applied to an example of finding optimal thrust allocation of the deep-sea 
working vessel having 5 thrusters. The result showed that the method could be used to determine better strategy 
for thruster allocation of the vessel as compared to existing study. 
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1. Introduction 

A dynamic positioning (from now be defined as DP) system is especially useful for deep-sea working 

vessel include drilling vessel, floating crane, and many others. The DP system can maintain the position and 

heading of the working vessel via means of active thrusters and propellers exclusively. During the operation, 

the DP system is required to be very responsive to the changing conditions caused by weather, water depth, 

and so on to maintain operation parameters of the vessel. Despite of the significance of the DP system to the 

vessel, it still face many problems in the real working environment such as power failure and thruster 

malfunction which may be attributed to its complexity. Meanwhile, the fuel expenditure of the DP system is 

a huge burden since it needs huge amount of energy to fulfil its tasks. This means that DP system is over-

actuated which renders the thruster allocation has infinite solutions. Hence, the thruster allocation can be 

formulated as an optimization problem under numerous constrains, with the aim to minimize the power 

consumption and can be solved by using various optimization algorithms. 

Related to the thrust allocation, some methods were proposed by researchers. Since the relationship 

between the power consumption and the resultant thrusts are usually approximated by a quadratic function, 

some researchers formulated an optimization problem for thrust allocation as a quadratic programming 

problem and solved it with some variant of the quadratic programming (Harkegard, 2004; Wit, 2009). 
*
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Similarly, some researchers formulated an optimization problem like so and solved it with the sequential 
quadratic programming (Liang and Cheng, 2002; Johansen et al., 2004), which is one of local optimization 

algorithms. In addition, a recent review of optimization algorithms for thruster allocation was reported by 

Johansen and Fossen (2013) and a good survey of the DP system was introduced by Sorensen (2011). 

In this study, a thruster allocation method of a deep-sea working vessel was proposed with the aims of 

producing the demanded generalized forces and moment for dynamic positioning while at the same time 

minimizing total power. When formulating an optimization problem, numbers of revolution and angles of 

azimuth thrusters are selected as design variables, total power as an objective function, and the required 

thrusts and moments as constraints, respectively. In general, the local optimization algorithms are sensitive 

to an initial point for optimization (Lee et al., 2002). Thus, the genetic algorithms (GA) which is one of 

global optimization algorithms was used, and thus any initial point for optimization does not need to be 

specified. 

The remainder of the paper is as follows. In Section 2, a thruster allocation method proposed in this study is 

described. That is, an optimization problem for thruster allocation is described in detail, including design 

variables, objective function, and constraints. In Section 3, the application of the proposed method is 

presented and compared with existing study. Finally, Section 4 presents the conclusion, and suggests future 

works of this study. 

2. Thruster Allocation Method for Dynamic Positioning 

Fig. 1 shows general configuration of the DP system. As shown in Fig. 1, the DP system is generally 

comprised of a position and heading reference system with sensor units, control system, power system, and 

thruster system which will be described in Section 2) (Sørensen, 2011). When the vessel is moved by 

environmental forces, the position and heading reference system, along with wind sensors and gyro 

compasses, can provide the information on the vessel’s position and the magnitude, as well as direction of 

the environmental forces affecting its position, to the control system. Then the control system will computes 

the thrust and moment commands, xFå , yFå , and zMå , which represent total required forces in 

longitudinal (x) and transverse (y) directions and total required moment about vertical (z) direction shown in 
Fig. 1. In this figure, in  and ia  represent the speed of rotation ( in ) and azimuth direction ( ia ) of each 

thruster, respectively. 

 

 

Fig. 1 General configuration of the dynamic positioning system 



96 Luman Zhao, Myung-Il Roh and Jeong-Woo Hong 
 Journal of Advanced Research in Ocean Engineering 1(2) (2015) 94-105 

 

 
Fig. 2 Schematic diagram of thruster arrangement of the vessel with five thrusters (plan view) 

 

A thruster system plays a pivotal role in a vessel to maintain position and heading of the vessel since the 

system can provide transverse and longitudinal thrust at the same time. The azimuth thruster is one of 

electric podded drive device, which is fitted to the hull and can be rotated 360 degree horizontal angle to 

provide a thrust in all directions. Due to the fact that the azimuth thruster can provide thrust in any direction, 

the thrust was selected as a main propulsor of the vessel and an optimization target in this study. However, 

the thruster system is usually over-actuated in practical working operations, so that this allocation problem 

has infinite solutions and can be formulated as a constrained optimization problem. In this study, an 

optimization problem was mathematically formulated to derive optimal strategy for thrust allocation of the 

vessel. The problem is presented below in detail. 

2.1 Overview of Thrust Allocation 

The schematic diagram for thruster arrangement of the vessel and the sign conventions for xF , yF , and 

zM  are depicted in Fig. 2. Note that the positions of thruster are given in a 2D coordinate system (only the 

horizontal forces and moment are considered). The coordinate system has its origin at the vessel’s center of 

gravity (CoG). 

During the operation in the sea, environmental forces and moments tend to move the vessel away from its 

original position. In order to move the vessel back to its original or reference position, the control system in 

the DP system of the vessel should first calculate total required forces (thrusts) and moment. At this time, 

the thrust allocation means to determine thrust and azimuth direction of each thruster, which have to 

generate the required forces in longitudinal ( xFå ) and transverse ( yFå ) directions and the required 

moment about vertical direction ( zMå ). The relationship between thrust and azimuth direction of each 

thruster, and total required forces and moment can be stated as Eqs. (1) to (3). These equations are 

governing equations for thrust allocation can be used as equality constrains in an optimization problem. 

 
 

  1 1  2 2  ( cos cos ... cos )x n nF F F Fa a a= + + +å  (1) 

 
 

 1 1  2 2  ( sin sin ... sin )y n nF F F Fa a a= + + +å  (2) 

 

  1 1 1  2 2 2  

 1 1 1  2 2 2  

( cos cos ... cos

sin sin ... sin )

z y y n n yn

x x n n xn

M F l F l F l

F l F l F l

a a a

a a a

= × + × + + ×

+ × + × + + ×

å  (3) 
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Assuming that the vessel is equipped with i  azimuth thrusters, iF  is the thrust from the i th thruster and 

ia  is the azimuth angle of the i th thruster. And 
ixl  and 

iyl  are the distance of the i th thruster from the 

CoG of the vessel. 

Eq. (1) means that the longitudinal component of the force generated from thrust and azimuth direction of 

each thruster should be equal to the total required force in longitudinal direction. Eq. (2) means that the 

transverse component of the force from thrust and azimuth direction of each thruster should be equal to the 

total required force in transverse direction. And Eq. (3) means that the vertical component of the moment 

generated from thrust and azimuth direction of each thruster should be equal to the total required moment 

about vertical direction. 

The objective of the optimal thruster allocation is to guarantee to provide affordable power for dynamic 

positioning of the vessel, in the specific conditions of the ocean environment. Meanwhile, the economy 

perspective to the minimization of the power consumption is also taken into account, the ultimate aim is to 

ensure the stability and capability of the vessel during operations. 

2.2 Optimization Problem for Thrust Allocation 

An optimization problem consists of three components: design variables, objective function, and 

constraints. The design variables is a set of variables that describe the system or problem such as size and 

position, and so on. The objective of optimization is to find optimal values of them. The design variables 

should be determined through optimization. Thus, they are also called free variables or independent 

variables. The objective function is a criteria to compare the different design and determine the proper 

design such as cost, profit, weight, and so on. In general, an optimization problem is a kind of an 

indeterminate problem. Thus, there are a number of solutions. Among the solutions, the best one should be 

selected as an optimum. At this time, the objective function can be used as a criteria to select the best. The 

constraints are a certain set of specified requirements and restrictions placed on a design. For example, the 

governing equation of the system or problem, some requirements (e.g., limit on size or capacity), and so on 

can be constraints. For optimization, the objective function and constraints should be formulated as 

functions of the design variables. For example, if the design variables are x , the objective function and 
constraints should have forms of ( )f x  and ( )g x , respectively. 

In this study, an optimization problem for thrust allocation was mathematically formulated. Each 

component of the optimization problem for thrust allocation is described below in detail. 

(1) Design Variables 

As mentioned early, the thrust allocation means to determine thrust ( iF ) and azimuth direction ( ia ) of 

each thruster for the DP system of the vessel, which have to generate the required forces in longitudinal and 

transverse directions and the required moment about vertical direction. Thus, the thrust and azimuth 

direction of each thruster can be used as design variables in the optimization problem for thrust allocation. 

As an objective function of this application, the minimization of total power of thrusters is being widely 

used in the aspect of energy saving. To use this power as the objective function, it should be mathematically 

formulated as a function of design variables. The total power will be proportionate to the sum of thrusts of 

each thruster. Some researchers (Liang and Cheng, 2002; Johansen et al., 2004; Wit, 2009) used the thrust 

and azimuth direction of each thruster as design variables and formulated the objective function 

(minimization of total power of thrusters) with the design variables. However, in order to represent more 
delicately the objective function, the speed of rotation ( in ) and azimuth direction ( ia ) of each thruster as 

design variables are used as the design variables in this study. Thus, the design variables in the optimization 

problem for thrust allocation are as follows. 

 

in : Speed of rotation ( in ) of each thruster 

ia : Azimuth direction ( ia ) of each thruster 
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(2) Objective function 

As mentioned above, the minimization of total power of thrusters was used as the objective function. It was 

mathematically formulated with the design variables according to the following procedure. At first, the 
thrust T and torque Q of azimuth thrust can be expressed as functions of the speed of rotation ( n ): 

 

 4 2

TT D K nr=  (4) 

 

 5 2

QQ D K nr=  (5) 

 
where, r  is the density of sea water, D is the propeller diameter of thruster, TK  and QK  are the 

thruster and torque coefficients respectively, and n  is the speed of rotation. The expressions of the TK  

and QK  can be obtained from the so-called open water test. These non-dimensional coefficients of thrust 

and torque derived by regression analysis can be described via the following parameters (Bernitsas et al., 
1981): 

 

 
 

, , ,
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( ) ( ) ( / ) ( )T s t u v

T s t u v E O
s t u v

K C J P D A A Z= å  (6) 
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( ) ( ) ( / ) ( )Q s t u v
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s t u v

K C J P D A A Z= å  (7) 

 

The coefficients , t , u  v

T

SC ，  and , t , u  v

Q

SC ， , and the terms s , t , u , and v  can be found in the report of 

Wageningen B-Series propellers (Bernitsas et al., 1981), and were used in this study. Here, P D  is the 

pitch diameter ratio, E OA A  is the blade area ratio, and Z  is the number of propeller blades. The 

coefficient of advance J  is a non-dimensional description of the propeller performance. It can be 

expressed by the speed of rotation n  and the speed of advance of the propeller defined as AV , which can 

be represented by the ship speed (V ) and the azimuth angle of each thruster (  ia ). Since each of the thruster 

has different speed of rotation in practical conditions, the TK  and QK  of each thruster are different. 

 

 
cosA iV V

J
nD nD

a
= =  (8) 

 

Now, it is time to formulate the total power consumed by azimuth thrusters. The power consumption ( P ) 

can be formulated as: 

 
 2 i iP n Qp=  (9) 

 

By combining Eqs. (5) and (9), the power consumption can be rewritten relating to the speed of rotation 

and the azimuth angle of each thruster: 

 

 5 3

 i
1

2
i

n

Q
i

P D K npr
=

= å  (10) 

 

Therefore, the objective function for thrust allocation can be written as below. 
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 Minimize 5 3

i
1

2
i

n

Q
i

P D K npr
=

= å  (11) 

 

(3) Constraints 

In the thrust allocation, the governing equations shown in Eqs. (12) to (14) should be satisfied. The 

equations mean that thrust and azimuth direction of each thruster have to generate the required forces in 

longitudinal ( xFå ) and transverse ( yFå ) directions and the required moment about vertical direction 

( zMå ) for dynamic positioning of the vessel. If these equations could not be satisfied, the vessel starts to 

drift. Thus, these equations were used as equality constrains in the optimization problem. 

The governing equation for the longitudinal force can be stated as: 

 
 2 2 2 2

 1 1 2 2( cos cos ... cos )
ix T i iF D K n n nr a a a= + + +å  (12) 

 

Similarly, the governing equation for the transverse force can be stated as: 

 
 2 2 2 2

 1 1 2 2( sin sin ... sin )
iy T i iF D K n n nr a a a= + + +å  (13) 

 

And finally, the governing equation for the yawing moment can be stated as: 

 

 1 2

1 2

2 2 2 2
z 1 1 2 2

2 2 2
1 1 1 2 1

( sin sin ... sin

cos cos cos )

i i

i

T x x i i x

y y i y

M D K n l n l n l

n l n l n l

r a a a

a a a

= + + +

+ + +

å
K

 (14) 

 

where, xFå , yFå , and zMå  are all given from the control system in the dynamic positioning 

system. 

 

(4) Optimization problem for thruster allocation 

The optimization problem for thrust allocation can be summarized as follows. 

 

Minimize 5 3

 i
1
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i
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Q
i
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2 2 2 2

1 1 1 2 2( ) ( cos cos ... cos ) 0
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2 2 2 2
2 1 1 2 2( ) ( sin sin ... sin ) 0
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2 2 2 2 2 2 2
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0

i i iz T x x i i x y y i yg M D K n l n l n l n l n l n lr a a a a a a= - + + + + + +
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åx K

 
where, { , }i in a=x  

 

Thus, this problem has one objective function and three equality constraints. 
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Fig. 3 Cycle of the GA used in this study for optimization 

2.3 Optimization by the Genetic Algorithms 

Optimization algorithms are generally divided into two categories; global and local optimization 

algorithms. Several classes of the global optimization algorithms are now available including the genetic 

algorithm (GA) (Goldberg, 1989; Davis, 1991), simulated annealing method, and so on. These algorithms 

are suitable for large-scale problems that have many local optima. However, these algorithms require more 

iteration to get an acceptable optimum as compared with the local optimization algorithms. Several classes 

of the local optimization algorithms also exist including the sequential linear programming (SLP) (Arora, 

2012), the sequential quadratic programming (SQP) (Arora, 2012), the method of feasible directions (MFD) 

(Vanderplaats, 1984), and so on. Each of these algorithms can find the optimum effectively. However, in 

some cases, these algorithms find the relative optimum that is closest to the starting point. 

In this study, the GA, one of the global optimization algorithms, was selected as an optimization algorithm 

to solve the optimization problem for thruster allocation. Fig. 3 shows a cycle of the GA used in this study 

for optimization. The GA is utilized to provide solutions to global optimization problems in the similar 

evolutionary process proposed by Darwin’s theory. In the GA, accumulated information is exploited by 

selection mechanism, while a new generation of the search space is explored by means of operators in a 

reasonable amount of computing time. At first, the first generation is evaluated the fitness of each individual 

in the population and then two individuals with good quality are selected as parents to produce new 

individuals. New generation is strengthened through crossover and mutation at the same time to replace the 

individuals which carrying bad quality. In brief, the optimum is found by repeating the evaluation, 

reproduction (selection, crossover, and mutation), and replacement. 

3. Application of the Thrust Allocation Method 

3.1 Input Data 

To evaluate the applicability of the proposed method for thrust allocation, it was applied to an example of 

a drilling vessel. The vessel is equipped with five azimuth thrusters. Each thruster has the number of 
propeller blades ( Z ) of 4, the propeller diameter ( D ) of 3.6 m, the pitch diameter ratio ( P D ) of 1.1, the 

blade area ratio ( E OA A ) of 0.7, and the maximum thrust of 600 kN. We assumed that the speed (V ) near 

thruster is 1 m/s. In addition, the longitudinal and transverse positions of each thruster can be summarized in 
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Table 1 The coordinates of five azimuth thrusters 

Item Distance from CoG (m) Item Distance from CoG (m) Item Distance from CoG (m) 

1x
l  28.5 3xl  28.5 5xl  -27.5 

1yl  4.5 3yl  -4.5 5yl  4.5 

2xl  8 4xl  -27.5   

2yl  0 4yl  -4.5   

 
Fig. 4 and Table 1. In this figure and table, 

ixl  and 
iyl  are the distance of the i th thruster from the CoG of 

the vessel. 

 

Fig. 4 The longitudinal and transverse positions of five azimuth thrusters (plan view) 

 

3.2 Mathematical Formulation of an Optimization Problem for Thruster Allocation 

The target vessel has five thrusters. Thus, design variables of this problem is as follows. 

 

1 1 2 2 3 3 4 4 5 5{ , , , , , , , , , }n n n n na a a a a=x  (15) 

 
where, in  and ia  are the speed of rotation and the azimuth angle of the i th thruster, respectively. 

Thus, this problem has 10 design variables. 

Now, the objective function of this problem can be stated by using Eq. (11). 

 

Minimize 
1 2 3 4 5

5 3 5 3 3 3 3 3

i 1 2 3 4 5
1

2 2 ( )
i

n

Q Q Q Q Q Q
i

P D K n D K n K n K n K n K npr pr
=

= = + + + +å   (16) 

 
As aforementioned, the TK  and QK  were calculated from Eqs. (6) and (7) by referring the report of 

Wageningen B-Series propellers (Bernitsas et al., 1981). 

The constraints of this problem can be stated by using Eqs. (12) to (14). 

 

1 2 3 4 5

2 2 2 2 2 2
1 1 1 2 2 3 3 4 4 5 5( ) ( cos cos cos cos cos ) 0x T T T T Tg F D K n K n K n K n K nr a a a a a= - + + + + =åx  (17) 

 

1 2 3 4 5

2 2 2 2 2 2
2 1 1 2 2 3 3 4 4 5 5( ) ( sin sin sin sin sin ) 0y T T T T Tg F D K n K n K n K n K nr a a a a a= - + + + + =åx  (18) 
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1 1 2 2 2 2 2 2 2 2

1 1 2 2 3 3 4 4 5 5

2 2 2 2 2 2
3 1 1 2 2 2 2 2 2 2 2

2 2 2 2 2
1 1 2 2 3 3 4 4 5 5

( ) ( sin sin sin sin sin

cos cos cos cos cos )

0

z T x T x T x T x T x

T y T y T y T y T y

g M D K n l K n l K n l K n l K n l

K n l K n l K n l K n l K n l

r a a a a a

a a a a a

= - + + + +

+ + + + +

=

åx

 (19) 

 

In general, there are some limitations on the maximum thrust and azimuth angle of each thruster. Thus, 

such limitations were also considered as additional constraints in this study. The additional constraints about 

the maximum thrust and azimuth angle of each thruster can be stated in Eqs. (20) and (21), respectively. 

 

 4( ) 600( ) 0ig T kN= - £x  (20) 

 

 5( ) 180 0ig a= - ° £x  (21) 

 

Thus, this problem in Eqs. (16) to (21) has ten design variables, one objective function, and five constraints 

(three equality constraints and two inequality constraints). 

3.3 Optimization Result 

The problem in Eqs. (16) to (21) was solved by using the GA. We assumed that the total required forces 

( xFå , yFå ) and moment ( zMå ) are given from the control system every 25 sec by refereeing the 

reference (Liang and Cheng, 2004), as shown in Table 2. For example, the values for the first time step (0 to 

25 sec) are 0 kN, -154 kN, and 81 kN×m. For total 10 inputs for the total required forces and moment, the 

optimization was performed by using the GA. As the parameters for the GA, the number of individuals in 

the population was 200, the maximum number of generation was 5,000, the crossover probability was 0.8, 

and the mutation probability was 0.01 (Grefenstette, 1986). Fig. 5 shows a convergence history of the 

optimization result for the first step. As shown in this figure, it can be seen that the objective function is 

minimized and at the same time the constraints are satisfied as the optimization goes. The optimal solution 

was found at the generation of about 300. 

 

 
Fig. 5 Convergence history of the optimization for the first time step 
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Table 2 Optimization results for 10 time steps 

 

No 

 

Time (s) 

Input from the control 

system 

Thrusters 

Total 

power 

(kW) 

Thruster 1 Thruster 2 Thruster 3 Thruster 4 Thruster 5 

Required 

force (kN) 

Required 

moment 

(kN×m) 

RPM 

(rpm) 

Angle 

(deg) 

RPM 

(rpm) 

Angle 

(deg) 

RPM 

(rpm) 

Angle 

(deg) 

RPM 

(rpm) 

Angle 

(deg) 

RPM 

(rpm) 

Angle 

(deg) 

tD (s) xFå
 

yFå  
zMå  

1n  1a  2n  2a  3n  3a  4n  4a  5n  5a  P  

1 0-25 0 -154 81 25.22 -83.9 0.02 120.3 4.5 -14.8 51.3 -135.8 22 142.8 254.5 

2 25-50 -68 -127 -135 5.54 -93.6 64.97 -113.2 6.6 -114.1 15.2 -179.8 36.3 -127.3 502.1 

3 50-75 -210 -345 -308 1.67 54.07 115 -124.3 2.5 -166 33.6 -61.4 52 -128.5 2,583 

4 75-100 -272 -549 -791 16.7 -126.8 20.56 -37.5 109.2 -113.7 35.1 31.8 115.1 -121.3 4,334 

5 100-125 -445 26 -1,470 18.28 165.5 62.25 -176.7 0.70 34.9 50.5 163.6 104.3 179.2 2,066 

6 125-150 -272 24 -565 2.15 -117.7 62.94 -170.5 8.9 14.6 80.2 160.2 26.9 -124.1 1,083 

7 150-175 -172 58 768 22.91 -167 66.74 161.4 1.1 -173.2 6.1 -141.3 51.5 163.1 712.7 

8 175-200 69 159 124 50.86 102.1 20.03 62.5 45.8 26.4 37.3 16.4 55.2 72 613 

9 200-225 81 -21 215 2.70 9 1.68 39 39.2 -4.4 52 1.9 30.7 -92.6 28.6 

10 225-250 90 69 859 3.97 -88.8 70.58 25.9 30.4 88 2.3 -14.2 18.67 158.3 507.6 

 

Table 3 Comparison of the optimization results between the existing study and this study 

No 
Time (s) 

Input from the control system Summation of resultant thrusts of each thruster (
iFå , kN) 

Required force (kN) 

Required 

moment 

(kN×m) 
Existing study (A) This study (B) Ratio (B/A) 

tD  xFå
 

yFå  
zMå  

1 0~25 0 -154 81 358 211.5 0.59 

2 25~50 -68 -127 -135 174 147.2 0.85 

3 50~75 -210 -345 -308 444 433.2 0.98 

4 75~100 -272 -549 -791 758 657.9 0.87 

5 100~125 -445 26 -1470 445 421.5 0.95 

6 125~150 -272 24 -565 277 258.6 0.93 

7 150~175 -172 58 768 196 181.1 0.92 

8 175~200 69 159 124 1,206 203.3 0.17 

9 200~225 81 -21 215 212 105.7 0.50 

10 225~250 90 69 859 1,233 138.4 0.11 

      Mean 0.69 

 

Table 2 shows the optimization results for 10 time steps. In this table, optimal values of design variables 

(speed of rotation, azimuth angle) and objective function (total power) for each time step are summarized 

with the total required forces and moment from the control system (input for optimization). 
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3.4 Comparative Test 

To evaluate the applicability of the proposed method, the optimization results of this study were compared 

with those of the existing study (Liang and Cheng, 2004). Of course, the same inputs for the total required 

forces and moment from the control system were used for the comparative test. However, the existing study 

formulated the objective function as the summation of resultant thrusts of each thruster ( iFå ). Thus, the 

comparison between the existing study and this study was made for not total power but the summation of 

resultant thrusts of each thruster. In addition, the existing study used the sequential quadratic method (SQM) 

which is one of local optimization algorithms as an optimization algorithm. 

Table 3 shows the comparison of the optimization results between the existing study and this study. The 

summation of resultant thrusts of this study were less than those of the existing study in all time steps. 

Especially, for the time steps of 1, 8, 9, and 10, the results were lower than their average value. As described 

in Section 2.3, in some cases, local optimization algorithms like the SQM find the relative minimum that is 

closest to the starting point. It seems that the SQM might find local optima for the corresponding time steps, 

as compared with global optimization algorithms like the GA used in this study. From this comparative test, 

it can be seen that this study can get better results for thrust allocation than the existing study. 

4. Conclusions and Future Works 

In this study, a thruster allocation method of a deep-sea working vessel was proposed with the aims of 

producing the demanded generalized forces and moment for dynamic positioning while at the same time 

minimizing total power. For this, an optimization problem for thrust allocation was mathematically 

formulated with design variables, objective function, and constraints. As the design variables, the speed of 

rotation and azimuth direction of each thruster were selected. As the objective function, the minimization of 

total power of thrusters was used. And as the constraints, the governing equations that thrust and azimuth 

direction of each thruster have to generate the required forces in longitudinal and transverse directions and 

the required moment about vertical direction for dynamic positioning of the vessel, and some limitations on 

each thruster were used. Then, the GA was used to solve the formulated problem. Finally, the proposed 

method was applied to an example of finding optimal thrust allocation of the deep-sea working vessel 

having 5 thrusters. The comparative test with the existing study was also performed. Through the 

comparative test, it can be seen that the proposed method can get better results for thrust allocation than the 

existing study. Thus, the proposed method could be used to determine better strategy for thruster allocation 

of the vessel as compared to existing study. 

In the future, the proposed method will be applied to various examples such as submersible-rig. And the 

total required forces and moment from the control system which was input of this study will be estimated by 

considering the current position and the equations of motion of the vessel. That is, a more general method 

for dynamic positioning of the method will be further studied. 
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