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Summary

Acrtifitial neural network (ANN) is an information processing system that is formed by a large
number of simple processing elements, known as artificial nerves. It is formed by a number of
nodes and weights connecting the nodes. The input data are multiplied by the corresponding
weights, and the summation are entered into neurons. Each neuron has an activation function.
Inputs are passed to the activation function, and the output of the neurons is determined. The
number of neurons and layers could be obtained through trial and error according to a specific
problem. The behavior of a neural network depends on the communication between nodes.
Using the trained data, the designed ANN can be adjusted in an iterative procedure to
determine optimal parameters of ANN. Then for an unknown input, we can compute
corresponding output using the trained ANN.

One of the simplest and effective methods to use in the modeling of real neurons is the
multi-layer perceptron neural network. This model consists of one input layer, one or more
hidden layers, and one output layer. In this structure, all the neurons in one layer are connected
to all neurons in the next layer. An important issue in multi-layer artificial neural networks is
the number of neurons. The neurons of input and output layers are determined according to the
number of input and output parameters. The number of neurons in the hidden layer can be
determined by trial and error through minimizing the total error of the ANN. For this
minimization, each ANN parameter’s share in the total error should be computed which can be
achieved by a back-propagating algorithm.

There are many methods for training the network and modifications of the weights. One of
the most famous and simplest methods is a back-propagation algorithm that trains the network
in two stages: feed-forward and feed-backward. In the feed-forward process, the input
parameters are moved to the output layer. In this stage, the output parameters are compared
with known parameters and the errors are identified. The next stage is done feed-backward. In
this stage, the errors are moved from the output layer to the input layer. Again, the input
weights are calculated. These two stages are repeated until the errors reach a threshold
expected for the output parameters.

In this study, a 3-layer perceptron neural network was used with 28 neurons in a hidden layer
for modeling the eastern component (Vg) and 27 neurons in a hidden layer for modeling the
northern component (Vy) velocity field of the earth's crust in Iran. Evaluation of the neural
network model has been applied using 11 stations of GPS, and the velocity fields are defined
with respect to the Eurasian plate. The minimum relative error obtained from this evaluation
for the eastern component was -3.57% and for the northern component was +0.16%: also the
maximum relative error for the eastern component was +38.1% and for the northern component
was +95.3%. In this study, a polynomial of degree 5 with 18 coefficients was used to model the
east and north components for the evaluation of artificial neural networks in estimating the
velocity rate of geodetic points. A comparison of the relative error from the polynomial model
and the relative error from the neural network illustrated the superiority of the neural model
with respect to the polynomial model in this region.

Keywords:  Artificial neural network, crustal velocity, back-propagation algorithm,
polynomial modeling
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Ozl ol VY 55 (V) 35 il 5e o) POlynomial ANN GPS cladas 5l eaal cvstsy o sllas 5 s olie Y J gt

Lattuce | Longtuce | gy, | ANNVelSEY | ooy | Eror | Error
(mmlyr) (mmfyr) (GPS-ANN) (GPS-Poly)
1 30.21 48.21 -0.00003 -9.34E-05 -15.546E-06 -67.9 +93.1
2 37.64 47.65 -0.029 -0.027 -0.045 +7.41 -35.6
3 39.19 44.39 -0.037 -0.032 -0.044 +15.6 -15.9
4 33.59 55.08 -0.030 -0.032 -0.027 -6.25 +11.1
5 31.37 60.03 -0.050 -0.055 -0.066 -9.09 -24.2
6 36.00 57.65 -0.027 -0.028 -0.021 -3.57 +28.6
7 35.16 59.21 -0.024 -0.021 -0.032 +14.3 -25.0
8 38.25 44.54 -0.031 -0.036 -0.047 -13.9 -34.0
9 35.47 52.09 -0.024 -0.029 -0.038 -17.2 -36.8
10 36.02 51.82 -0.029 -0.021 0.012 +38.1 -98.6
11 35.09 51.88 -0.025 -0.020 0.007 +25.0 -45.6
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Latitude Longitude GPS Velocity ANN Velocity | Poly. Velocity Relative Error | Relative Error

(deg) (deg) (mmlyr) (mmlyr) (mmlyr) (GPS-ANN) (GPS-Poly)
1 30.21 48.21 0.03409 0.037 0.0423 -7.86 -19.4
2 37.64 47.65 0.00904 0.002 0.0127 35.2 -28.8
3 39.19 44.39 0.00534 0.005 0.0032 6.80 66.9
4 33.59 55.08 -0.00302 -0.006 -0.0042 -49.7 -28.1
5 31.37 60.03 0.01308 0.016 0.0193 -18.3 -32.2
6 36.00 57.65 0.00293 0.0015 0.0036 95.3 -18.6
7 35.16 59.21 0.00143 0.002 0.0032 -28.5 -55.3
8 38.25 44.54 0.00582 0.005 0.0054 16.4 7.78
9 35.47 52.09 0.01202 0.012 0.017 0.16 -29.3
10 36.02 51.82 0.00743 0.006 0.0087 23.8 -14.6
11 35.09 51.88 0.01039 0.015 0.023 -30.7 -54.8
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