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Abstract: Since the strong nonlinearity is the typical characters of the ship rolling 

motion, the mathematic formula of roll model and its stabilizing control are difficult to 

build. The Model-Free Learning Adaptive Control (MFLAC) method, that the exact 

mathematic model is not needed prior, will be suitable for the stabilizing control system. 

Comprising with the classical Proportion Integration Differentiation (PID) method and 

the standard MFLAC. The satisfied control effects show the viability and superiority of 

the new control strategy. 
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1. Introduction 

Among the six degree motions the rolling is the more important influence factor. And 

fin stabilizer is one of the most effective ship-stabilized equipment. [1] As the computer 

technology and intellective control theory have developed quickly in recent years, a 

series of studies have been done to design some effective and intelligent fin stabilizer 

in order to improve the control effect of the fin stabilizer system. The fin stabilizer's 

control system consists of four modules: the characters of random sea wave, the 

characters of linear model of ship roll motion, the theory of steady of ship roll motion 

and the equipment for it, and the control system of fin stabilizer and the style of control. 
[2] Each of modules has the necessity of its existence. The control method is the 

emphasis point of the paper. 

In recent years, the control methods of ships’ fin stabilizer system include: PID control, 
[3] the fuzzy control, [4] BP artificial neural network control, [5, 6, 7] robust control [8] etc. 

The scholars applied kinds of methods to the ships' fin stabilization control system and 

certain good quality researches are achieved.  However the above intelligent control 

strategies except PID control, require an accurate mathematic model. They belong to 
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model-based methods.  The strong nonlinearity of ships’ rolling performance makes 

restrict requirements on the application of the methods. Although the conventional PID 

algorithm is widely used in industries because of its simplicity and robustness, the PID 

controller is difficult to assure the systemic precision and exhibit regulating 

performance under varied work conditions. The MFLAC [9] method was generated in 

this background, in which I/O data is the only needed, the complex model is simplified 

reasonably. It is a new type controller that not only has the advantages of modern 

control theory and sutra PID theory, but also adapt to optimizing control demand of 

complexity system. Then the improved MFLAC was applied in the ships' fin stabilization 

control system. Especially when the system changes, the MFLAC have better 

performance compared with PID method.  

 

2. Fin stabilizer control system 

Based on the theory of random sea wave, the constitution of the random sea wave in 

terms of its spectrum was discussed. The simulation problem of slope of wave surface 

was solved and carried out by programming. Based on the character of ship roll motion, 

a linear model of ship roll motion by a certain ship parameters is built, and then a curve 

of ship roll motion in opened loop and the infection of certain slope of wave surface are 

achieved. The wave slope angle is the input data, the system model used in the 

simulation chooses the Chinese fishery administration vessel 32, the standard of fin 

named NJ5 was chosen in the simulation, the module of ship and the follow-up system 

are all described as transfer functions. [7, 10]When the ship is chosen, the transfer 

functions will be expressed clearly. After that, the important factor to influence the 

control effect is the choosing of the intelligent control strategy. With the rapid progress 

of the control theory, the researchers try to find the effective and practicable control 

strategy to the fin stabilizer control system. 

In this paper the emphasis point is the comparisons of implying different control 

strategies. The control theory of the PID and the MFLAC method are applied into the 

same system of the fin stabilizer to compare the control effects. 

 

3. Principles of PID and MFLAC methods 

3.1 PID control method 

The PID controller is the most widely used control method in industries because of its 

simplicity of both theory and application. It is based on information from the I/O data 

of the plant. The commonly used formula is described as below. 

 ( ) ( 1) ( ) ( 1) ( ) ( ) 2 ( 1) ( 2)d
p

i
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u k u k k e k e k e k e k e k e k
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       (1) 

Where ( )e k , ( )u k are the inputs and outputs of the system, pk is the proportion factor, 
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iT is the integration factor, 
dT is the differentiation factor, and T is the step of 

simulation time. Through the formula above, we can know that the PID method only 

uses I/O data of the plant. The simulation result is shown in Fig.4 (a).  

 

3.2 MFLAC method 

Define with the development of computer science, the control systems become more 

and more complex. In the ship fin stabilizer's system the nonlinearity is the 

characteristic of the ship motion and the tradition model-based control strategies 

require accurate mathematic model, they can only achieve a good performance under 

a certain sea situation. Under this background the MFLAC was first proposed by Hou 

Zhongsheng, [9] the basic idea is to use a new concept named pseudo gradient to 

substitute the dynamic linear time-varying model for the real nonlinear system, and 

utilize the I/O data to estimate the pseudo gradient online. The MFLAC method works 

by cycling of the online control and online identification. So far the MFLAC has been 

successfully applied in the field of oil refining, chemical engineering, electrical powering, 

city transportation control, etc. [11, 12, 13,14]  

Consider the following discrete-time nonlinear system: 

( 1) ( ( ),... ( ), ( ),... ( ))y uy k f y k y k n u k u k n                                 (2) 

Where ( )y k , ( )u k are the output and the input of system, 1( )u k R  or ( ) pu k R , and yn , 

un  stands for the system order, ( )f  is a general nonlinear function. 

The basic algorithm of MFLAC consists of two arithmetic expressions. 

Universal model 

( 1) ( ) ( ) ( 1)Ty k k u k e k                                            (3) 

The basic forms of MFLAC law 

 02
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And the deducing process of the MFLAC had been mentioned in many references [9, 11, 

12, 13]. Summarizing, with these assumptions the MFLAC scheme, the pseudo partial 

derivative (pseudo gradient) identification algorithm and control algorithm can be 

described as below: 
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Where ˆ( )k is the pseudo gradient, k , (0,2)k  ,  ,  are weighted factors,  is a 
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sufficiently small value, and ˆ(1) is the initial value of ˆ( )k . 

The MFLAC method procedure based on the former I/O data. The procedure will be 

carried out repeatedly until the system output ( 1)y k   is sufficiently close to the given 

ideal output
0y . When the appropriate data to the parameters is given, the satisfied 

result was achieved. The simulation result is shown in Fig.3 (b). Even the work 

condition change, the better control effect is also achieved, which is shown in Fig.4 (b). 
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Fig.1. Simulation of wave slope of angle 
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Fig.2. Roll angle under non-control system 

 

To test the control strategies' validity, we choose the different wave parameters and 

the same ship. Fig.1 shows the simulations of wave slope of angle. Fig.2 shows the roll 

angle in the non-control system. The above simulations results will change according to 

different ships and changed wave environments.  

Fig.3 (a) demonstrates that the PID control method has a very good control result to 

the many kinds of control systems. But the PID control has a big shortcoming, when 

the systems become more and more complex with the development of system. PID 

controller is difficult to assure the systemic precision and exhibit regulating 

performance under varied work conditions which will be shown in Fig. 4 (a). 

Fig.3 (b) indicates that the MFLAC theory does not depend on the system mathematical 

model. Unlike PID and other control strategy, in MFLAC the pseudo gradient is the only 

parameter needed to be determined, which greatly simplifies the control proceeding.  

Changing the external condition, the results appear different effectiveness. We choose 

a special example. Fig.4 (a) shows that the system under PID-based controller 

diverging. To the same system, the compare results between MFLAC and PID is shown 

in Fig.4 (b).  

As space is limited, results under varied parameters are not all shown in this paper. 

When the outside environment changed, such as wave length or wave height or wave 

period, the results with PID control method may appear the increasing rolling, the 

parameters must be readjusted, but to the same condition, the results with MFLAC still 

is decreasing rolling without parameters adjusting. In most cases, the adjustments of 

parameters in the PID control method are difficult. Comparatively speaking, the MFLAC 

control method is easier than the PID control method. This proves that the method 
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MFLAC is suitable for the varied external environment.  

Therefore, the implying of MFLAC in ships' fin stabilization system is reasonable in the 

future. 
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   Fig.3 (a)  PID-based controller 
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   Fig.4 (a)  MFLAC-based controller 
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  Fig.3 (b)  PID-based controller 
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           Fig.4 (b)  MFLAC-based controller 

 

4. Conclusion 

In the strict sense, the two methods that used in the paper are classed as the method 

independent of the mathematic model. In the paper, the technique of applying the 

Proportion Integration Differentiation (PID), and Model-Free Learning Adaptive Control 

(MFLAC) to the stabilizer fin to reduce the ship rolling motion is developed. According 

to a series of numerical calculations and comparisons, the results show that the 

methods of MFLAC have better control effect than PID control method. In view of these, 

the MFLAC is suitable for the fin stabilizer's control system.  
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