COMANDOS  MATLAB PARA IDENTIFICACION
% System Identification Toolbox.

% Version 4.0.4  21-Nov-1997

%

% New Features.

%   Readme      - Important release information about the System ID Toolbox 

%                 (double click on Readme, or type "whatsnew directoryname", 

%                  i.e. "whatsnew ident" to display this file).

% Demos

%   iddemo     - Demonstrates the use of the toolbox.

%

% Graphical User Interface

%   ident      - A comprehensive estimation and analysis environment.

%   midprefs   - Specify a directory for start-up information.

%

% Simulation and prediction.

%   idsim      - Simulate a given system.

%   pe         - Prediction errors.

%   poly2th    - Construct a "theta-matrix" from given polynomials.

%   predict    - M-step ahead prediction.

%

% Data manipulation.

%   dtrend     - Remove trends from data sets.1

%   idfilt     - Filter data through Butterworth filters.

%   idinput    - Generates input signals for identification.

%   idresamp   - Resamples data by decimation and interpolation.

%

% Nonparametric estimation.

%   covf       - Covariance function estimate for a data matrix.

%   cra        - Correlation analysis.

%   etfe       - Empirical Transfer Function Estimate and Periodogram.

%   spa        - Spectral analysis.

%

% Parameter estimation.

%   ar         - AR-models of signals using various approaches.

%   armax      - Prediction error estimate of an ARMAX model.

%   arx        - LS-estimate of ARX-models.

%   bj         - Prediction error estimate of a Box-Jenkins model.

%   canstart   - Multivariable theta-model with initial parameter estimates.

%   ivar       - IV-estimates for the AR-part of a scalar time series.

%   iv4        - Approximately optimal IV-estimates for ARX-models.

%   n4sid      - State-space model estimation using a sub-space method.

%   oe         - Prediction error estimate of an output-error model.

%   pem        - Prediction error estimate of a general linear model.

%

% Model structure creation.

%   arx2th     - THETA-format for an ARX model.

%   canform    - Canonical form model structures.

%   mf2th      - Package user defined model structures into the THETA model format.

%   modstruc   - Model structures to be used in MS2TH.

%   ms2th      - Package standard state-space parameterizations into the THETA format.

%   poly2th    - "Theta-matrix" from given polynomials.

%

% Manipulating model structures.

%   fixpar     - Fix parameters in state-space and ARX model structures.

%   sett       - Set the sampling interval in TH-structures.

%   thinit     - (Random) initial values for the parameters.

%   unfixpar   - Unfix parameters in state-space and ARX model structures.

%

% Model conversions.

%   idmodred   - Reduce a model to lower order.

%   th2arx     - Convert a THETA-format model to an ARX-model.

%   th2ff      - Model's frequency function, along with its standard deviation.

%   th2par     - Theta-format to parameters and covariance matrix.

%   th2poly    - Polynomials associated with a given model.

%   th2ss      - THETA model conversion to state-space.

%   th2tf      - THETA model conversion to transfer function.

%   th2zp      - Zeros, poles, static gains and their standard deviations.

%   thc2thd    - Continuous time model to discrete time.

%   thd2thc    - Model to continuous-time form.

%

% Model presentation.

%   bodeplot   - Bode diagram of a transfer function or spectrum.

%   ffplot     - Frequency functions.

%   idplot     - Input - output data.

%   nyqplot    - Nyquist diagram of a transfer function.

%   present    - Parametric model on the screen.

%   zpplot     - Zeros and poles.

%

% Information extraction.

%   getmfth    - Get the name of the .m-file that defines the model structure.

%   getncap    - Get the number of data points and the number of parameters.

%   getff      - Select the frequency function (for own plotting).

%   gett       - Get the sampling interval for a model.

%   getzp      - Extract the zeros and the poles from the ZEPO-format created by TH2ZP.

%   th2par     - Theta-format to parameters and covariance matrix.

%

% Model validation.

%   compare    - Compare the simulated/predicted output with the measured output.

%   idsim      - Simulate a given system.

%   pe         - Prediction errors.

%   predict    - M-step ahead prediction.

%   resid      - Compute and test the residuals associated with a model.

%

% Assessing model uncertainty.

%   idsimsd    - Illustrate the uncertainty in simulated model responses.

%   th2ff      - Model's frequency function and standard deviation.

%   th2zp      - Zeros, poles, static gains and their standard deviations.

%

% Model structure selection.

%   arxstruc   - Loss functions for families of ARX-models.

%   ivstruc    - Output error fit for families of single-output.

%   selstruc   - Select model structures according to various criteria.

%   struc      - Typical structure matrices for ARXSTRUC and IVSTRUC.

% Recursive parameter estimation.

%   rarx       - Compute estimates recursively for an ARX model.

%   rarmax     - Compute estimates recursively for an ARMAX model.

%   rbj        - Compute estimates recursively for a BOX-JENKINS model.

%   roe        - Compute estimates recursively for an output error model.

%   rpem       - Compute estimates recursively for a general model.

%   rplr       - Compute estimates recursively for a general model.

%   segment    - Segment data and track abruptly changing systems.
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ARX

function th=arx(z,nn,maxsize,Tsamp,p);
%ARX    Computes LS-estimates of ARX-models.

%   TH = ARX(Z,NN)

%

%   TH: returned as the estimated parameters of the ARX model

%   A(q) y(t) = B(q) u(t-nk) + e(t)

%   along with estimated covariances and structure information.

%   For the exact structure of TH see also THETA.

%

%   Z : the output-input data Z=[y u], with y and u as column vectors.

%   For multivariable systems Z=[y1 y2 .. yp u1 u2 .. um]. For time series

%   Z=y only.

%

%   NN: NN = [na nb nk], the orders and delays of the above model.

%   For multi-output systems, NN has as many rows as there are outputs

%   na is then an ny|ny matrix whose i-j entry gives the order of the

%   polynomial (in the delay operator) relating the j:th output to the

%   i:th output. Similarly nb and nk are ny|nu matrices. (ny:# of outputs,

%   nu:# of inputs). For a time series, NN=na only.

%   Some parameters associated with the algorithm are accessed by

%   TH = ARX(Z,NN,maxsize,T)

%   See also AUXVAR for an explanation of these and their default values.

%   See also ARXSTRUC, SELSTRUC for how to estimate the order parameters.

%   See also AR, ARMAX, BJ, IV4, N4SID, OE, PEM.

function [y,ysd]=idsim(ue,th,inhib)
%IDSIM  Simulates a given dynamic system.

%   Y = IDSIM(UE,TH)

%

%   TH: contains the parameters of the model in the format described by 

%   (see also) THETA.

%

%   UE: the input-noise data Z=[u e]. For multi-variable systems

%   u=[u1 u2 ... un e1 e2 .. ep], with ui and ei being column vectors. 

%   The number of noise sources should equal the number of outputs. If

%   the e-vector(matrix) is omitted, a noise-free simulation is obtained.

%   The noise contribution is scaled by the variance information con-

%   tained in TH.

%

%   With  [Y,YSD] = IDSIM(UE,TH)  the estimated standard deviation of the

%   simulated output, YSD, is also computed. This is currently only 

%   available for non-statespace models.

%   See also IDINPUT, MS2TH and POLY2TH for simulation and model creation.

%   See also COMPARE and PREDICT for model evaluation.

function present(th)
%PRESENT  presents a parametric model on the screen.

%   PRESENT(TH)

%

%   This function displays the model TH together estimated standard

%   deviations, innovations variance, loss function and Akaike's Final

%   Prediction Error criterion (FPE).

REDES NEURONALES

function net = newff(pr,s,tf,btf,blf,pf)
%NEWFF Create a feed-forward backpropagation network.

%

%
Syntax

%

%
  net = newff(PR,[S1 S2...SNl],{TF1 TF2...TFNl},BTF,BLF,PF)

%

%
Description

%

%
  NEWFF(PR,[S1 S2...SNl],{TF1 TF2...TFNl},BTF,BLF,PF) takes,

%
    PR  - Rx2 matrix of min and max values for R input elements.

%
    Si  - Size of ith layer, for Nl layers.

%
    TFi - Transfer function of ith layer, default = 'tansig'.

%
    BTF - Backprop network training function, default = 'trainlm'.

%
    BLF - Backprop weight/bias learning function, default = 'learngdm'.

%
    PF  - Performance function, default = 'mse'.

%
  and returns an N layer feed-forward backprop network.

%

%
  The transfer functions TFi can be any differentiable transfer

%
  function such as TANSIG, LOGSIG, or PURELIN.

%

%
  The training function BTF can be any of the backprop training

%
  functions such as TRAINLM, TRAINBFG, TRAINRP, TRAINGD, etc.

%

%
  *WARNING*: TRAINLM is the default training function because it

%
  is very fast, but it requires a lot of memory to run.  If you get

%
  an "out-of-memory" error when training try doing one of these:

%

%
  (1) Slow TRAINLM training, but reduce memory requirements, by

%
      setting NET.trainParam.mem_reduc to 2 or more. (See HELP TRAINLM.)

%
  (2) Use TRAINBFG, which is slower but more memory efficient than TRAINLM.

%
  (3) Use TRAINRP which is slower but more memory efficient than TRAINBFG.

%

%
  The learning function BLF can be either of the backpropagation

%
  learning functions such as LEARNGD, or LEARNGDM.

%

%
  The performance function can be any of the differentiable performance

%
  functions such as MSE or MSEREG.

%

%
Examples

%

%
  Here is a problem consisting of inputs P and targets T that we would

%
  like to solve with a network.

%

%
    P = [0 1 2 3 4 5 6 7 8 9 10];

%
    T = [0 1 2 3 4 3 2 1 2 3 4];

%

%
  Here a two-layer feed-forward network is created.  The network's

%
  input ranges from [0 to 10].  The first layer has five TANSIG

%
  neurons, the second layer has one PURELIN neuron.  The TRAINLM

%
  network training function is to be used.

%

%
    net = newff([0 10],[5 1],{'tansig' 'purelin'});

%

%
  Here the network is simulated and its output plotted against

%
  the targets.

%

%
    Y = sim(net,P);

%       plot(P,T,P,Y,'o')

%

%
  Here the network is trained for 50 epochs.  Again the network's

%     output is plotted.

%

%
    net.trainParam.epochs = 50;

%
    net = train(net,P,T);

%
    Y = sim(net,P);

%       plot(P,T,P,Y,'o')

%

%
Algorithm

%

%
  Feed-forward networks consist of Nl layers using the DOTPROD

%
  weight function, NETSUM net input function, and the specified

%
  transfer functions.

%

%
  The first layer has weights coming from the input.  Each subsequent

%
  layer has a weight coming from the previous layer.  All layers

%
  have biases.  The last layer is the network output.

%

%
  Each layer's weights and biases are initialized with INITNW.

%

%
  Adaption is done with ADAPTWB which updates weights with the

%
  specified learning function. Training is done with the specified

%
  training function. Performance is measured according to the specified

%
 

function [net,tr]=train(net,P,T,Pi,Ai,VV,TV)

%TRAIN Train a neural network.

%

%
Syntax

%

%
  [net,tr] = train(NET,P,T,Pi,Ai)

%
  [net,tr] = train(NET,P,T,Pi,Ai,VV,TV)

%

%
Description

%

%
  TRAIN trains a network NET according to NET.trainFcn and

%
  NET.trainParam.

%

%
  TRAIN(NET,P,T,Pi,Ai) takes,

%
    NET - Network.

%
    P   - Network inputs.

%
    T   - Network targets, default = zeros.

%
    Pi  - Initial input delay conditions, default = zeros.

%
    Ai  - Initial layer delay conditions, default = zeros.

%
  and returns,

%
    NET - New network.

%
    TR  - Training record (epoch and perf).

%

%
  Note that T is optional and need only be used for networks

%
  that require targets.  Pi and Pf are also optional and need

%
  only be used for networks that have input or layer delays.

%

%
Examples

%
    net = train(net,p,t);

%
    y2 = sim(net,p)

%
    plot(p,t,'o',p,y1,'x',p,y2,'*')

%
    

%
Algorithm

%

%
  TRAIN calls the function indicated by NET.trainFcn, using the

%
  adaption parameter values indicated by NET.trainParam.

%

%
  Typically one epoch of training is defined as a single presentation

%
  of all input vectors to the network.  The network is then updated

%
  according to the results of all those presentations.

%

%
  Training occurs until a maximum number of epochs occurs, the

%
  performance goal is met, or any other stopping condition of the

%
  function NET.trainFcn occurs.

%

%
  Some training functions depart from this norm by presenting only

%
  one input vector (or sequence) each epoch. An input vector (or sequence)

%
  is chosen randomly each epoch from concurrent input vectors (or sequences).

%
  NEWC and NEWSOM return networks that use TRAINWB1, a training function

%
  that does this.

%

%
See also SIM, INIT, ADAPT

function [Y,Pf,Af]=sim(net,P,Pi,Ai)
%SIM Simulate a neural network.

%

%
Syntax

%

%
  [Y,Pf,Af] = sim(net,P,Pi,Ai)

%
  [Y,Pf,Af] = sim(net,{Q TS},Pi,Ai)

%
  [Y,Pf,Af] = sim(net,Q,Pi,Ai)

%

%
Description

%

%
  SIM simulates neural networks.

%

%
  [Y,Pf,Af] = SIM(net,P,Pi,Ai) takes,

%
    NET - Network.

%
    P   - Network inputs.

%
    Pi  - Initial input delay conditions, default = zeros.

%
    Ai  - Initial layer delay conditions, default = zeros.

%
  and returns:

%
    Y   - Network outputs.

%
    Pf  - Final input delay conditions.

%
    Af  - Final layer delay conditions.

%

%
  Note that arguments Pi, Ai, Pf, and Af are optional and

%
  need only be used for networks that have input or layer delays.

%

%
  

%
Examples

%

%
  Here NEWP is used to create a perceptron layer with a

%
  2-element input (with ranges of [0 1]), and a single neuron.

%

%
    net = newp([0 1;0 1],1);

%

%
  Here the perceptron is simulated for an individual vector,

%
  a batch of 3 vectors, and a sequence of 3 vectors.

%

%
    p1 = [.2; .9]; a1 = sim(net,p1)

%
    p2 = [.2 .5 .1; .9 .3 .7]; a2 = sim(net,p2)

%
    p3 = {[.2; .9] [.5; .3] [.1; .7]}; a3 = sim(net,p3)

%

%
  Here NEWLIND is used to create a linear layer with a 3-element

%
  input, 2 neurons.

%

%
    net = newlin([0 2;0 2;0 2],2,[0 1]);

%

%
  Here the linear layer is simulated with a sequence of 2 input

%
  vectors using the default initial input delay conditions (all zeros).

%

%
    p1 = {[2; 0.5; 1] [1; 1.2; 0.1]};

%
    [y1,pf] = sim(net,p1)

%

%
  

%
Algorithm

%

%
  SIM uses these properties to simulate a network NET.

%

%
    NET.numInputs, NET.numLayers

%
    NET.outputConnect, NET.biasConnect

%
    NET.inputConnect, NET.layerConnect

%

%
  These properties determine the network's weight and bias values,

%
  and the number of delays associated with each weight:

%

%
    NET.inputWeights{i,j}.value

%
    NET.layerWeights{i,j}.value

%
    NET.layers{i}.value

%
    NET.inputWeights{i,j}.delays

%
    NET.layerWeights{i,j}.delays

%

%
  These function properties indicate how SIM applies weight and

%
  bias values to inputs to get each layer's output:

%

%
    NET.inputWeights{i,j}.weightFcn

%
    NET.layerWeights{i,j}.weightFcn

%
    NET.layers{i}.netInputFcn

%
    NET.layers{i}.transferFcn

%


%
  See Chapter 2 for more information on network simulation.
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%

%FUNCTIONS FOR TRAINING NETWORKS:

%batbp    : Batch version of the back-propagation algorithm.

%incbp    : Recursive (/incremental) version of back-propagation.

%marq     : Levenberg-Marquardt method.

%marqlm   : Memory-saving implementation of the Levenberg-Marquardt method.

%rpe      : Recursive prediction error (Gauss-Newton) method.

%

%

%FUNCTIONS FOR PRETREATING THE DATA:

%dscale   : Scale data to zero mean and variance one.

%

%

%FUNCTIONS FOR TRAINING NETWORKS TO MODEL DYNAMIC SYSTEMS:

%lipschit : Determine the lag space.

%nnarmax1 : Identify a Neural Network ARMAX (or ARMA) model (Linear MA filter).

%nnarmax2 : Identify a Neural Network ARMAX (or ARMA) model.

%nnarx    : Identify a Neural Network ARX (or AR) model.

%nniol    : Identify a Neural Network model suited for I-O linearization control

%nnoe     : Identify a Neural Network Output Error model.

%nnrarmx1 : Recursive counterpart to NNARMAX1.

%nnrarmx2 : Recursive counterpart to NNARMAX2.

%nnrarx   : Recursive counterpart to NNARX.

%nnssif   : Identify a NN State Space Innovations form model.

%

%

%FUNCTIONS FOR PRUNING NETWORKS:

%netstruc : Extract weight matrices from matrix of parameter vectors.

%nnprune  : Prune models of dynamic systems with Optimal Brain Surgeon (OBS).

%obdprune : Prune feed-forward networks with Optimal Brain Damage (OBD).

%obsprune : Prune feed-forward networks with Optimal Brain Surgeon (OBS).

%

%

%FUNCTIONS FOR EVALUATING TRAINED NETWORKS:

%fpe      : FPE estimate of the generalization error for feed-forward nets.

%ifvalid  : Validation of models generated by NNSSIF.

%ioleval  : Validation of models generated by NNIOL.

%loo      : Leave-One-Out estimate of generalization error for feed-forward nets

%nneval   : Validation of feed-forward networks (trained by marq,rpe,bp).

%nnfpe    : FPE for I/O models of dynamic systems.

%nnsimul  : Simulate model of dynamic system from control sequence alone.

%nnvalid  : Validation of I/O models of dynamic systems.

%wrescale : Rescale weights of trained network.

%

%

%MISCELLANOUS FUNCTIONS:

%README   : This file.

%Contents : Contents file.

%drawnet  : Draws a two layer neural network.

%getgrad  : Derivative of network outputs w.r.t. the weights.

%pmntanh  : Fast tanh function.

%

%

%DEMOS:

%test1    : Demonstrates different training methods on a curve fitting example.

%test2    : Demonstrates the NNARX function.

%test3    : Demonstrates the NNARMAX2 function.

%test4    : Demonstrates the NNSSIF function.

%test5    : Demonstrates the NNOE function.

%test6    : Demonstrates the effect of regularization by weight decay.

%test7    : Demonstrates pruning by OBS on the sunspot benchmark problem.

function [W1,W2,PI_vector,iteration,lambda]=nnarx(NetDef,NN,W1,W2,trparms,Y,U)
%  NNARX

%  -----

%          Determine a nonlinear ARX model of a dynamic system by training a

%          two-layer neural network with the Marquardt method. The function

%          can handle multi-input systems (MISO).

%

%  CALL:

%        [W1,W2,critvec,iteration,lambda]=nnarx(NetDef,NN,W1,W2,trparms,Y,U)

%

%  INPUTS: 

%  U       : Input signal (= control signal) (left out in the nnarma case)

%            dim(U) = [(inputs) * (# of data)]

%  Y       : Output signal. dim(Y) = [1 * # of data]

%  NN      : NN=[na nb nk].

%            na = # of past outputs used for determining the prediction

%            nb = # of past inputs used for determining prediction

%            nk = time delay (usually 1)

%            For multi-input systems nb and nk contain as many columns as

%            there are inputs. 

%  W1,W2   : Input-to-hidden layer and hidden-to-output layer weights.

%            If they are passed as [] they are initialized automatically

%  trparms : Contains parameters associated with the training (see MARQ)

%            if trparms=[] it is reset to trparms = [500 0 1 0]

%  

%           For time series (NNAR models), NN=na only.

%

function [Yhat,PI]=nnvalid(method,NetDef,NN,W1,W2,par1,par2,par3)

%  NNVALID

%  ------- 

%          Validate a neural network input-output model of a dynamic system.

%          I.e., a network model which has been generated by NNARX, NNRARX,

%          NNARMAX1+2, NNRARMX1+2, or NNOE.

%

%          The following plots are produced:

%          o  Observed output together with predicted output

%          o  Prediction error

%          o  Auto-correlation function of prediction error and cross-

%             correlation between prediction error and input

%          o  A histogram showing the distribution of the prediction errors

%          o  Coefficients of extracted linear models

%

%  Call: 

%  Network generated by NNARX (or NNRARX):

%           [Yhat,NSSE] = nnvalid('nnarx',NetDef,NN,W1,W2,Y,U)

%

