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BOGDAN ZAK, ZYGMUNT KITOWSKI

Institute of Electronics and Electrical Engineering

Department of Mechanical and Electrical Engineering

Naval University of Gdynia

81-919 Gdynia, Smidowicza 69

POLAND

Abstract: - In the paper using of the artificial neural networks for determination of coefficients of state equations of underwater vehicle’s motion in a horizontal plane and influence of neuron’s activation function for quality of underwater vehicle’s motion modelling is presented. The recurrent optimisation network is used to identify parameters of the underwater vehicle’s dynamics. A structure and the operating principle of the network and results of computer simulation of underwater vehicle’s motion along a desired trajectory are described. Values of state variables generated by a differential nonlinear model and a neural model are inserted.
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1. Introduction 

It aims from dawn of histories the nation to attainment in depths of oceans and exploitation their wealths. Yet the possibilities of attainment by man hereinto depths are limited with regard on feature this environment very. Therefore the development of unmanned under-water vehicles in recently happened also administering at present all characteristic features of robot, and so the possibility of shifting and manipulation, ability of technical observation of surroundings, and the also sometimes independent working out in typical situations the decision and repeatable.  

Through underwater vehicle will be understood the unmanned object, entirely plunged in water, possessor six degrees of freedom and linked with base through the wire or hydroacoustic channel. The example appearance of present underwater vehicles were introduced on fig.1. 
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Fig. 1. The example appearance of underwater vehicles 
For control of all devices of robot responds the system of steering which holds supervision beginning from the propulsion and finishing on switching the video cameras and lighting. In robot’s control system the functions of regulator in feedback the most often is realized by operator which is the onlooking working object on monitor installed in deck console.

Underwater vehicles are well enough reacting on control signals and move underwater with largish velocity. Unfortunately such manoeuvrability is times large obstacle particularly for novice operators as well as for pilots working with robot in hard hydrometeologic conditions, that is at existence of large disturbances like waviness or currents. At that time it seems that vehicle moves in this and back without any influences of pilot. The pilotage of ROV is not the easy matter and requires large practice as well as many hours of training. To to reduce the costs of glazing of operators of unmanned under-water vehicles it be builds simulators. It near building their basic problem is the modelling the dynamics of vehicle why simulator be built.
A problem of mathematical modelling of dynamic objects is one of the most important tasks in during designing of control systems. Theoretical and practical researches were focused on problems of mathematical modelling and especially on methods of parametric identification were developed. Those methods were very efficient for both linear statically and dynamical objects but not for non-linear ones. In recent years the neural networks have been [1] 

The results of research were many methods which allow to model the linear both static and dynamic object but non-linear object because of its difficulty were modelling only by approximation methods. In this case to model the non-linear object in last year more often is use the neural network. The attractive of use the neural network in modelling is approximation of any curve and to tune the structure basely on experimental and another data [2].

2. Mathematical model of ship’s dynamic

2.1 Mathematical description of underwater vehicle

During analysis of movement of sailing objects with six degrees of freedom the two coordinate Cartesian systems are defined, which was introduced on fig.2. The  one of them is related with sailing object and is called the body-fixed reference system. 

The movement of body-fixed reference system is described in coordinate system related with the Earth which is called the earth-fixed reference system. It is suggested that orientation of vehicle is described in body-fixed frame meanwhile angular and linear velocities should be described in earth-fixed frame.  Magnitudes of movement are described according to SNAME notation how it was introduced in table 1. .
Table.1 Notation using to describe movement of sailing objects

	DOF
	Name of movemet
	Forces and moments
	Linear and angular velocity
	Positions and Euler angels

	1
	Surge  (motions in the x-direction)
	X
	U
	X

	2
	Sway (motions in the y-diretion)
	Y
	V
	y

	3
	Heave (motions in the z-direction)
	Z
	W
	z

	4
	Roll (rotation about the x-axis)
	K
	P
	(

	5
	Pitch (rotation about the y-axis)
	M
	Q
	(

	6
	Yaw  (rotation about the z-axis)
	N
	R
	(
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Fig. 2. Body-fixed and earth-fixed reference systems 

The non-linear equations of underwater vehicle’s movement treated as rigid body can be written as follows:
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where:
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– vehicle mass;
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– moments of inertia in relation to symmetry axis of vehicle;
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 – co-ordinates of centre of gravity.

The general representation of equation of movement in body-fixed frame can be written as:
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where:
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– vector of state;
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– vector of the input functions;

  
[image: image10.wmf]v

– vector of velocities;
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– the matrix of vehicle masses and added water   masses;
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– the matrix of centripetal and Coriolis forces;
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– the matrix of hydrodynamic dumping;
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g

– the matrix of restoring moments and forces.
The creating of mathematical model of underwater vehicle is the complex problem. It is difficulty to delimitate or calculate many parameters, which has to be well-known to solve the equations of movement. It is possible to reduce the number of parameters making the certain assumptions related with vehicle’s construction such as: the symmetry of vehicle in different surfaces, the position of centre of gravity and centre of uplift pressure, and suitable selection of reference system origin.
2.2 Environment disturbance

To the basic environment’s disturbances, which are considered at analysis of sailing objects belong:

­
waviness;

­
wind;

­ 
underwater currents.

At examination of objects entirely plunged such underwater robots it is possible to omit influence of wind on object’s model of object, meanwhile waviness matters only to the depth 10 meters. For requirements of simulation only underwater currents disturbances will be considered. 

Forces and moments induced by water currents are taken into consideration in equations of dynamics of movement at assumption that the equations of movement can be represented in form of relative velocities:
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where:
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– is the vector of unrotary  velocities of currents in body-fixed reference frame.

It should be assumed, that the vector of velocity of water current in earth-fixed reference frame will be recorded as: 
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. From that we can calculate component occurrent in body-fixed frame using  Euler’s theory.

We found that the velocity of current in body-fixed frame is constant or slow-changed so that fulfils:
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        (4)

From this the equation of motion (2) take form: 
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        (5)

2.3 Mass layout

Basic one's task underwater robots fulfil by manipulators. They are designed to realize with use of grasp and replaceable tools the various under-water works. However lifting object from deep sea is the most often executed task. The overall average length of cinematic chain for present underwater manipulators oscillates about 1.0 - 3.0 metres. So wide inclination arm rots changes of mass and the same the changes of underwater robot’s dynamics. This problem takes special meanings at lifting the chosen components of underwater constructions which usually have considerable mass. To regards these changes in mathematical model were introduced the change of centre of gravity. It depends first of all from the mass of picked up object and also from outreaches of robot’s arm. The position of grasp in space is well-known in three dimensions in every moment. It makes possible to calculate the changes of centre of gravity towards to centre of gravity for unloaded robots from this formula:
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where: 
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 - vehicle’s mass;
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 - mass of lifted object;
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 - the center of gravity of unloaded vehicle;
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 - the center of gravity of loaded vehicle;

Dynamical equations of underwater vehicle’s motion regarded as control object can be formulated as follow [3]:
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where: u(t)  – control vector,

  x(t)  – state vector,

A       – state matrix,

B       – output matrix, 

C(x,t) – extortion vector influenced on arrangement.     

The equation (7) in discrete form can be written as:
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where: ((T) – basic matrix,

G(T) - vector,

X(kT)- state vector,

N(T) – matrix,

u(kT) – control signal,

but this value are defined as:
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 where: I – identity  matrix,
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Sequence of control signal u(kT) must take into consideration the physical limit of maximal values of the input functions.

3. A Neural network for modelling ship’s dynamics
A task of the neural network is to calculated the values of matrix ((T) and G(T), in such way that the neural model of ships will behave as real ships described by equation (1). 

In general, processes, which are modelling has dynamical characteristic, so neural modelling needs special solutions. One of them is using the Hopfield’s recurrent neural networks. Therefore for modelling of ship’s dynamic we were using idea of Hopfield’s neural network. The structure of worked out neural network for modelling of ship’s dynamics is presented on Fig.3.
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Fig. 3. The structure of neural network used for modelling of underwater vehicle’s motion.

In presented network the equation of neuron can be written as follow:
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     (7) Precision of modelling processes is mostly depended on neuron’s activation function. As activation function in modelling of non-linear objects are used sigmoidal or tangentsoidal function. For example of underwater vehicle’s dynamics modelling was accepted the sigmoidal function which can be written as:
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Should be noticed that for above function the coefficient 
[image: image33.wmf]b

 have main influence for precision of modelling process therefore problem of selection values for this coefficient is very important and must be considered. In order to examine influence of this coefficient on quality of solution were made simulations research for two values of 
[image: image34.wmf]b

. 

In presented neural network the identification is made by minimisation the energetic function F(g) which is defined for this model as below [4]:

F(g) = 0.5 
F(g) =  +                    (9)

The total error  is a difference between values of the state vectors xo - generated by analytical model and state vector xm - generated by neural model, for every step of an iteration:

xo - xm= [
(10)

After substituting equation (8) and (10) the energetic function F(g) can be written as follows: 

F(g) = 0.5 ( xo - x - gu)T( xo - x - gu)                  (11)

A gradient method is used to minimise this function. After calculation the partial derivative of F(g) by  and g, and equal them to zero we have the mathematical prescription which is a rule of teaching the neural network:
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where U is the coefficient of teaching from partition of 0 to 1. This coefficient is defined experimental. The equation (12) describe the method of modification of values of coefficients ij and gi that guaranty the minimisation of energetic function in every step of iteration. This method assures that parameters of neural model will approach to the parameters of identified object. 
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Fig. 4. The teaching of neural network for modelling of underwater vehicle’s motion. 

4. The results of model research

It simulating investigations were conducted was for underwater vehicle about mass 110 kg and dimensions 1500[mm] x 750[mm] x 750[mm]. It for this vehicle, was generated 500-elements colections of state vectors, making up the input data to learnedly of neural network about two different functions of activation of neuron (
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 and 
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). Simulating model of this vehicle was built as neuronal model from introduced mathematical model peaceably.

It simulating for aims of verification of neuronal models underwater vehicle were explored was in track which the influence of function of activation was has given an examination on relative error among of state vector generated through models neuronal and mathematical model (fig.5). 
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Fig. 5. The relative error between state vectors generated by underwater vehicle and its neural models, where: blue - 
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, green -
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.

It more far investigations were conducted was for neuronal model about function of activation 
[image: image42.wmf]1
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b

. The operator gave the signals extortionary by Joystic giving the same the trajectories of movement of underwater vehicle. Realized trajectory in time of simulation be recorded in three-dimensional space, extortionary signals  generated through engines as well as co-ordinates of state this is in all progressive speeds three axises, angles of inclination as well as angular speed the regard of coordinate axis. It the chosen results of simulating investigations were introduced was on fig.6 - fig.10.
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Fig.6 Trajectory of under-water vehicle
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Fig.7 Generated through engines the course of extortions along the X-axis
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Fig.8 Generated through engines the course of extortions along the Y-axis 
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Fig.9 Course of underwater vehicle   
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Fig.10 Angle  rotation in relation to the X-axis  
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Fig.11 Angle (  rotation in relation to the y-axis
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Fig.12 Speed u at along the X-axis
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Fig.13 Speed v at along the Y-axis.
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Fig.14 Speed w at along the Z-axis

5.  Conclusion

The results of simulations shows, a many possibilities of the presented neural network for modelling of underwater vehicle’s dynamics.  The relative error between state vector generated by mathematical model and neural models depend on 
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 coefficient which existing in neuron’s activation function. For coefficient 
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 relative error  is bigger then for coefficient 
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 and its maximal values amount 2% however in second case 1%. For 
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 activation function takes form of Heaviside’s function and gives values 0 or 1. In presented method exist the strong dependence between preciseness neural model and the value coefficient teaching U, that’s why important problem is strategy selection and modification value coefficient U in the iteration process 
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