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Abstract

In this paper, a new method based on long-short-term memory neural networks is proposed for predicting long-term
voltage instability in interconnected transmission and distribution networks. Using the online information of the phasor
measurement units, the neural network estimates the stability of the network voltage and in case of any event in the
network, it estimates the long-term voltage stability status using the information before and after the event. This
structure can be used as an auxiliary tool to quickly inform the network operator of possible risks caused by voltage
instability after any contingency in the network. The simulation results of different case studies in offline mode have
been used to create the training dataset. In order to have different case studies, considering load growth in areas prone to
voltage instability, (N-1) and (N-1-1) contingency have been simulated. The Nordic extended network has been used to
evaluate the performance of the proposed method. Using the appropriate time shift, the occurrence of all contingencies
has been moved to the tenth second so that the neural network only learns the trajectory of the features. The accuracy of
the neural network in the 17th second (7 seconds after contingency) is 99.05%.
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1. Motivation of the work

The significant investment in the development of the
power grid has necessitated researchers and operators to
seek out novel approaches for the operation of power
systems at maximum capacity. This, however, makes the
system more prone to voltage instability in case of an
emergency. Consequently, the operation of the power
system can incur considerable risks, such as voltage
collapse in one or more buses that may lead to a system
blackout. Despite numerous studies conducted on voltage
stability assessment for transmission and distribution
systems as independent systems, few have considered
their effects on each other. Not taking into account these
mutual effects can lead to overestimation or
underestimation of the load margin in voltage stability
assessment.

To address this gap, we present an online tool installed in
control centers for long-term voltage instability detection
of integrated transmission and distribution systems using
long-short-term memory neural networks (LSTM).

To demonstrate the viability of this tool, it was used to
detect long-term voltage instability in the modified
Nordic test system.

2. Contributions

The offline training of LSTM was performed based on
the data obtained from the stimulation in the time domain
using the Digsilent 2017 software. (N-1) and (N-1-1)
contingencies were simulated by considering the load
growth in the areas prone to voltage instability in the
extended Nordic test network. The information obtained
using the simulation in the interval of 10 seconds before
and a few seconds after the contingency was used to train
LSTMs. Here, data from 1 to 50 seconds after the
contingency (in steps of 1 or 2 seconds) were used to
train LSTMs. The main contributions of this paper are the
following:

e Presenting an online tool based on LSTM networks
for the detection of long-term voltage stability in
integrated transmission and distribution systems

e A training approach for LSTM neural network with
different time intervals with the aim of reducing
estimation time, considering n-1, n-1-1 contingency,
and load growth in training data.

e Performing numerous numerical simulations to
determine the minimum time interval of information
needed by LSTM after the contingency to achieve
maximum performance accuracy.

e Reducing the input dimensions of LSTMs using the
clustering method.

3. Procedures

In this approach, various scenarios have been simulated
in the time domain using Digsilent 2017 software to
create training and testing datasets. The modified IEEE
33-bus distribution system with total loads equivalent to
the main network at 20 kV voltage has been replaced

only in the central part of the Nordic system to construct
the extended Nordic test system. The generated scenarios
including (N-1) and (N-1-1) contingency are simulated
by taking into account load growth in areas prone to
voltage instability of the extended Nordic test system.
After 1200 seconds of the contingency, necessary
measures like adjusting the transformer tap and voltage
generator are taken. In instances of (N-1-1) contingency,
it is assumed that one piece of equipment is out of
service; meanwhile, for stable conditions, (N-1)
contingency analysis is performed. Then, an LSTM
network with two layers of neurons is trained using the
generated scenarios in offline mode. The input features
include the buses voltage of the transmission system (16
buses) and distribution system (11 buses), the
incremental variance of the voltage of all buses (27
items), the position of the transformers tap-changer (13
items), and the reactive power and the voltage of the
generators (28 items). The proposed method uses the data
gathered by phasor measurement units to assess the
voltage stability of the system online.

4. Findings

If an LSTM is trained with data from 10 seconds before
and 7 seconds after the contingency, the instability
detection accuracy reaches 99.05%. For example, with
data gathered at a time interval of 17 seconds (10 seconds
before and 7 seconds after the contingency), the LSTM
fails to estimate only 63 items from the test set (6575
items). Out of 63 mentioned cases, the system is unstable
in 45 cases, and the LSTM could not detect it. In 18
cases, the LSTM mistakenly detects the system as
unstable. Indeed, the LSTM in 45 cases of the test set
(6575 items) fails to detect voltage instability (0.68% of
the total test data). The negligible error indicates the
potential of the proposed two-layer LSTM to detect
instability only 7 seconds after the contingency
occurrence.

5. Conclusion

In this paper, a method based on recurrent long
short-term memory (LSTM) neural network
was presented to detect the long-term voltage
instability of integrated transmission &
distribution power systems (T&D). After
occurring a contingency in the T&D network,
the voltage stability is assessed within a few
seconds. Therefore, the proposed method as an
online tool can quickly detect voltage instability
and inform the operator of the control center.
The results show that using data with a longer
post-contingency time interval increases the
accuracy of the neural network at the cost of
more time to respond. Finally, the possibility of
reducing the dimensions (features) of input data
to the neural network by clustering them has
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been investigated, showing that the input
features can be reduced from 95 to 80, while
the accuracy of the neural network decreases
slightly.
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