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Frequent voltage instabilities in modern power systems are
now a concern for power system operators. Voltage stability
of power systems can be studied using static and dynamic
analyses, based on which voltage stability margins including
static boundaries such as maximum loadability and dynamic
boundaries such as bifurcation points can be achieved.
However, today, with the increasing consumption of
electrical energy in power systems, the discussion of voltage
stability prediction has become significant. In this paper,
using the multilayer neural network of perceptron and a
combination of time-domain simulation analyzes, bifurcation
analysis, and modal analysis, the dynamic margin of voltage
stability based on the Hopf bifurcation boundary was
predicted. In this regard, in order to increase the accuracy
and speed of training and testing the neural network in
predicting the dynamic margin of voltage stability, a feature
selection method called mutual information theory was used.
The proposed algorithm was investigated on a standard 14-
bus test system; and the effect of various static models of
power system loads including constant power loads,
constant current, and constant impedance were examined.
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EXTENDED ABSTRACT

Introduction

Today, frequent voltage instabilities in modern power systems are a concern for power
system operators. The voltage stability of power systems can be studied using static and
dynamic analysis, and based on this, voltage stability limits can be obtained including
static limits such as the maximum load capacity of the power system and dynamic limits
such as bifurcation points. In the present research, by using a multi-layer perceptron
neural network and combining time domain simulation analysis, bifurcation analysis, and
modal analysis, the dynamic limit of voltage stability was predicted based on the Hopf
bifurcation boundary. In this regard, in order to increase the accuracy and speed of
training as well as test the neural network in predicting the dynamic limit of voltage
stability, a feature selection method called mutual information theory was used

Methodology

The application of neural networks in voltage stability can be conventionally
summarized into two types of studies. These two types include the prediction of the
voltage stability state and the prediction of the voltage stability limit. In this study, in order
to reduce the volume of used features and increase the accuracy and speed of the neural
network in estimating the dynamic limit of voltage stability, the information theory
method was used to select more effective features.

Results and discussion

The proposed algorithm for predicting the dynamic limit of voltage stability was tested
on the IEEE 14-bus test system, commonly used in voltage stability studies. In addition,
training and test samples were created using dynamic analysis in DIgSILENT software.
Table 1 shows the candidate components of the IEEE 14-bus test system. In this table, Vi is
the system bus voltage, 6i is the system bus voltage angle, Pi and QLi are the active and
reactive power of the system loads, and PGi and QGi are the active and reactive power of
the system generators, respectively.

Table 1. IEEE 14-bus system candidate components.

Variables Bus
% 1,2,3,4,5,6,7,8,910,11,12,13,14
8 1,2,3,4,5,6,7,8,910,11,12,13,14
PL, QL 2,3,4,5,6,9,10,11,12,13,14
PG, QG 1,2,3,6,8

Casel

In this experiment, all system loads were considered constant power types. After
calculating the correlation coefficient for all features, a limit based on trial and error was
used as a feature selection criterion. It is noteworthy that the test and validation errors
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were based on the difference between the actual values and predicted by the MLP neural
network. In this study, out of a total of 1912 samples created, 312 samples were used for
testing and 1600 samples were used for neural network training. Furthermore, out of a
total of 1600 samples, 100 samples were used for neural network validation. Table 2
shows the accuracy of the model according to different Mlths.

Table 2. Summarizing the results obtained for Case1l.

MIth=0.001 - corresponds to not using the component selection method

test error Validation error filtering ratio
4.49% (14 out of 312) 5% (5 out of 100) 60/60=1
MIth=0.396

Validation error

test error filtering ratio
2.56% (8 out of 312) 4% (4 out of 100) 60/25=2.4
MIth=0.566
test error Validation error filtering ratio
1.6% (5 outof 312) 2% (2 out of 100) 60/13=4.69
MIth=0.671
test error Validation error filtering ratio
3.2% (10 out of 312) 10% (10 out of 100) 60/11=5.45

According to Table 2, it is clear that the MIth=0.566 criterion with a lower validation
error percentage was chosen as the preferred criterion. It can also be concluded from
Table 2 that the change in the number of selected features also plays an important role
in the accuracy of the model in testing and validation. By increasing the number of
features due to the high volume of input, the model learning process was not carried out
well. The accuracy of the model decreased and in contrast, by ignoring more features
because much system information was lost, its learning was also not carried out well.
Based on Table 2, it can be observed that from a total of 60 primary features, the
number of features was reduced to 13 features for Mith=0.566. The number of 13
selected features is presented in Table 3.

Table 3. Selected features in Case 1.

MI Feature MI Feature

1 56 0.714761 QG2
0.900203 V7 0.695834 QG1
0.842312 PG1 0.67109 88
0.828239 87 0.67109 V9
0.807421 Vé 0.583158 89
0.756896 \'At 0.566468 \AV
0.740498 QG3 e e
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Case2
In this case, system loads were considered as a combination of constant power,
constant current, and constant impedance loads.

Table 4. Summary of the results for Case2.

MIth=0.001 - corresponds to not using the component selection method

test error Validation error filtering ratio
3.53% (11 out 0f 312) 4% (4 out of 100) 60/60=1
MIth=0.4
test error Validation error filtering ratio
1.6% (5 outof 312) 4% (4 out of 100) 60/19=3.16
MIth=0.55
test error Validation error filtering ratio
1.6% (5 outof 312) 2% (2 out of 100) 60/16=3.75
MIth=0.64
test error Validation error filtering ratio
2.88% (9 out of 312) 9% (9 out of 100) 60/10=6

According to Table 4, it is clear that the MIth = 0.55 criterion with a lower validation
error percentage was chosen as the optimal criterion. By comparing the results obtained
in this step and the results of the previous step, it can be observed that even with the
complexity of the system characteristics, the presented algorithm determines the dynamic
limit of voltage stability with acceptable accuracy.

Conclusion

In the current study, using a combined analysis, the dynamic limit of voltage stability
corresponding to the HB boundary was predicted. In order to reduce the amount of
information and increase the accuracy of the neural network, the component selection
method based on the mutual information theory was used. The results of different
simulation methods showed that the correct selection of the number of features increased
the accuracy of the prediction model of the dynamic limit of system stability.
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