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    This paper presents a controller based on Kohonen's Self-Organizing Map (SOM), used in
commanding the time varying systems with uncertainties task. An application of a missile-target tracking
was implemented using the mentioned method, and the results are compared with those obtained in a
classical approach.
    The missile control systems can be done in two ways (as shown in Fig. 1):

Ø The first one, which I called it the classical control, made by the “automatic flight control

system” and can be designed in three modes:
– using the quadratic linear method;
– using the optimal method;
– using the H∞ method.

In this case for the missile we must choose a linear model and for the unknown parameters
(like the target state and some missile state) we have to design an apriori state observer.

Ø The second way, typical for the non-linear model, is to design an automatic flight control
system based on artificial intelligence. The particularity of this is that of an existing teacher
which must learn the network how to answer at the input signal.

    Designing a controller means to find the values of the actual control using the input values, the state
values and the previous control (Fig.2). So, in this case the network's output must be the current control
and the inputs are the state, the input and the previous control.

    We design the neural control of a missile which track a target with an unknown dynamics and
evolution.
    The distance missile-target R, the line of sight angle Φ and the tilt angle of the trajectory θ, parameters
depending on the previous command, are the inputs of the SOM, so the network has 3 input nodes.
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Fig. 1 The block diagram of a classical and learning control system
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Fig.2  Neural network controller scheme



admissible overload condition n = ± 10g). The output range was divided into 11 intervals, each of them
corresponding to a class of command. We choose a 5x5 square output layer, so after training the
Kohonen's SOM each class of command is represented by a cluster of output neurons.
    In Fig.3 and Table above are presented the results of the simulation using the controller based on a
neural network described above. The results are compared with those obtained using a robust controller.
Speaking from the quality point of view, which is the catching time of target, we can see that our method
with neural network is better than the classical one (the robust controller).

Table: Comparison of the classical and SOM controller

Time [s]The initial missile-target
distance [m]

The line of sight angle
[o] Robust controller SOM controller

1000 -15 3.36 3.15
1500 25 4.89 4.65
2500 45 7.77 7.45
2500 -50 7.23 6.6
3000 -20 9.78 9.69

Fig.3 Simulation of the classical and SOM controller
References:
1.A.V. Levin, K.S. Narendra, "Control of Nonlinear Dynamical Systems using Neural Networks: Controllability and

Stabilization", I.E.E.E. Trans. Neural Networks, vol.IV, no.2, pp. 194-195, 1993;
2.H.J.M. Telkamp, A.A.H. Damen, "Neural Network Learning in Nonlinear Systems Identification and Controller Design",

Proceedings of the seconds ECC'93, vol.2, pp. 798-894, 1993;
3.G. Cybenko, "Approximation by superposition of sigmoidal function", Math. Contr. Sign. and Systems, vol.2, no.4, pp. 303-

314, 1989;
4.K. Hornik, M. Stinchcomb, H. White, "Multilayer feedforward networks are universal approximators", I.E.E.E. Neural

Networks, vol.2, pp. 359-366, 1989;
5.N. Sadegh, "A Perceptron Network for Functional Identification and Control of Nonlinear System", I.E.E.E. Neural

Networks, vol.4, no.6, pp.982-988, 1993;
6.King-Su Fu, "Learning Control System - Review and Outlook, Trans. on Pattern Analysis and Machine Intellig., vol.PAMI-8,

no.3, pp.327-343, 1986;
7.J.T. Tou, R.C. Gonzales, Pattern Recognition Principles, Addison-Wesley Publishing Company-1974;
8.A.N. Madiwale, "Modern Control Theory for Design of Autopilots for Bank- to-Turn Missiles", J. of Guidance, pp.378-386,

1987;
9. O. Grigore, O. Grigore, "Robust Nonlinear Control Using Neural Networks", Rev. Roum Sci. Techn., 3, vol.40,1995,pp.
367-390.


