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1 Introduction
Radial Basis Function Neural Network (RBFNN) is 
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Novel Radial Basis Function Neural Networks based on Probabilistic 
Evolutionary and Gaussian Mixture Model for Satellites Optimum Selection 

$��%���!�1���$�����$�	�"�2���
��&��$��������3

In this study, two novel learning algorithms have been applied on Radial Ba-
sis Function Neural Network (RBFNN) to approximate the functions with high 
non-linear order. The Probabilistic Evolutionary (PE) and Gaussian Mixture 
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of Gradient Descent (GD) in terms of the input feature vectors. The probability 
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mathematically controlled. So, a combined RBFNN based on novel PE algorithm 
has been proposed which has a soft behavior through the learning of non-linear 
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in the space of extracted features as a Gaussian distribution correspondence to 
each chromosome. Then, it estimates the entire probabilities of local minima in 
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robust satellites subset selection. Geometric Dilution of Precision (GDOP) is the 
main factor to estimate the strength of goodness of each satellites subset. Then, 
the subset with the lowest value has been selected for improving the positioning 
performance, but it is so non-linear and imposes computational burden on navi-
gation systems. These techniques have been implemented and the results on mea-
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GDOP comparison with the other conventional approaches. 
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2.1  Radial Basis Function Neural Network
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2.2 Gaussian Mixture Model
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2.4  GA for RBFNN Learning
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3.2  Probabilistic Evolutionary for RBFNN Learning
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4  Experimental Results
#
����	�	�����
���������������	�	�����
��������
���	�	���	���	�������	��		���

Changing the chromosome, 
initializing the variance and 
checking for the minimum 

probability 

Chromosome initialization 
(Gaussian distribution centers) 

Computing the cost function 

Evaluating the normalized distance 
from best chromosome 

Updating the occurrence probabilities 

Moving the Gaussian centers toward 
best chromosome 

Selecting new point with Gaussian 
distribution and evaluating cost 

function 

New value < Old value 

Decreasing the probability 
density, increasing the variance 
and checking for the minimum 

probability 

Criteria condition 

End of optimization 

No Yes
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Figure 1. The block diagram of the PE algorithm.
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4.1  Embedded Measurement System
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4.2  GPS GDOP Approximation using GMM based RBFNN
G����
������$$���������������	���	��:���	��������$$�
���������	�������
������'��������	�������
����"����	��
���
�������������6$�����������������	���������������
��'������������5���������^���������������������	��!�����
���������	�����������������
��
����"����
����������	�
�!���������	�����
����	��������������������
	����	��!�!���
�����"�����	�������Q�	���	�������������	���	��
��������
���������
	����	������'�
���$$��
�����	��!������������
��
!������!�����������������������
!������"���
���������
	�
���������	���$$���������	������	����������
����
�
�!����������		��
�!�
����
	��
�����	������!�����Qrd and 
?���!������	�������
	�����
�������!������	�������
������
�
���������� ����"��� ����� ���	���	� ���� �������������� ��	�
��
���	����!����������������%�����	���������������
	����
!�
����
���
�������	�����	�����������	���
�����!� ����
�
�
���"��� ����� �
���� !�������"������� #
� ���� 	����� ����	�
������ ���� ������������ �!� �������
��� �	� ������� ���� �=�
���������	� ����
��� ��� ����� ��		� �!���
���� ;	������
��
��5���������	<�

Figure 3. Data clusters and probability densities have been esti-
mated utilizing GMM procedure. 
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4.3  GPS GDOP Approximation using GA based RBFNN
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Figure 4. The searching convergence of the local minima of 
GDOP RMSE is shown utilizing GA based RBFNN. 

4.4  GPS GDOP Approximation using PE based RBFNN
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Figure 5. The GDOP RMSE convergence in terms of the number 
of generations. 

 

Fig. 6. The GPS GDOP approximation using PE based RBFNN. 
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Table 1. Evaluation of the performance of four GPS GDOP 
approximation methods.
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