MLP Advanced Applications
APPCS1:  Nonlinear System Identification:  A MLP is used to perform system identificaiton of an inverted pendulum.
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where:

the state is 
x = [angle  velocity]

the input is
u = [force]

Non-Linear System Model:


dx1/dt = x2


dx2/dt = 9.81 sin x1 - 2x2 +u

Training data is created with the inputs being many different combinations of initial conditions (states of angle and velocity) and inputs (current u).  The outputs are the next state (angle and velocity).

angle = [-20:22:200]*deg2rad;

vel = [-90:36:90]*deg2rad;

force = -30:6:30;

angle2 = [-20:10:200]*deg2rad;

Pm = [combvec(angle,vel,force) [angle2; zeros(2,length(angle2))]];

A non-linear system model (pmodel) is used to generate the input out training patterns using the ode23 function.

A network with 10 tansig hidden neurons and linear output neurons was designed to model the non-linear system.

To test the NN, first an open loop response was found.  The current state input is the network output.  The error is very low.






Next a closed loop response was given.  The current state input is measured from the system.  The error is even lower (indistinguishable).




APPCS2: Feedback Linearization:  
An engineering control problem consists of applying a control input (u) that will accomplish desired output (xn+1).  In neural control, the controller is adapted to give the correct control input to the system.




Sometimes, a non-linear system is controlled to behave like a linear system since linear systems are easier to analyze.  In this example, the desired linear model is:

Linear System Model:


dx1/dt = x2


dx2/dt = -9x1 - 6x2 +9r

where r is the desired output angle.

To make the pendulum behave with the desired linear characteristics, the pendulum must be replaced with its neural network model so that the errors can be backpropagated back to the neural controller.  

The neural model's weights and biases are fixed.

We already have a neural network model of the pendulum from the previous example.




We can simulate the desired linear model (plinear) with the ODE23 function.

The function TRAINCON is used to train the controller in the above figure.




APPCR3: Character Recognition
The alphabet has been represented with 26 - 35 element (5x7) Boolean grids. 








In this case there are 35 inputs corresponding to the input grid and 26 outputs corresponding to each letter of the alphabet.




Since neural networks try to learn the underlying function and not necessarily the noise, when presented with a noisy pattern 

Networks that are trained with noisy data tend to learn better than networks only trained on noise-free data.

This figure shows that the network trained with noise operates better than the noise-free network.




In this case, the difference is not much, other training examples showed more impressive comparisons.
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Pendulum and Open Network Response
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Pendulum and Closed Network Response
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Pendulum Response
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