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where llrepresents the learning rate constant, Wij (t) is the old weight and Wij (t+ I) represent the new updated weight.

The weights are updated through iterations called epochs, The epochs are continued until the error between the

desired and actual outputs as small as desired.
In summary, the steps of building model based on the MFN are as follows:
• Input collection ane preprocessing of the input data (if necessary). This includes the number of sampled

data and normalization,
• Determining the: structure of the ANN, including number of inputs, neurons, hidden layers and activation

functions.
• Training the ANN, using the input pattern and desired output.
• Validation of the trained ANN.

ANN-Based Modeling and Identification

In order to model thc crane system by using ANN, the ANN network must be designed its structure and then trained
to emulate the plant dynamic. Here, the parallel-series NARX model identification (Ham 20(1) shown in Figure 4
was used. The plant consists ef two outputs namely trolley position x and load swing angle ewhile the plant input is

only the input voltage V, The proposed NN outputs are as follows:

8(t) = f(x(t)
(II)

x(t) = f(x(t)
(12)

where x(t) is the input vector of the ANN-based crane model. The input vector of the model is not only the plant
input Vet) but also one time la5s of plant input, trolley position and swing angle respectively. That is

8(t -I)]8(t)x( t - 1)x(t)u(t -1)x(t)=[u(t)
(13)

Furthermore, the residual or error vector, e(t), used for updating the ANN weights during training process is given by

[
e, (t)] [X(t) -- X(t)]

e(t) = =
ee (t) 8(t) - 8(1)

(14)
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Fig. 4: Schematic Diagram of the Gantry Crane
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