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The model order reduction (MOR) enterprize has shown unprecedenced applications in the area of
power systems by allowing tractable and realistic simulations of complex power grids. Nearly all
model reduction techniques rely on constructing a linear reduced trial subspace followed by a Galerkin
progection to restnct the evalution of the latent dynaoncs onto the reduced subspace. However, power
system models often exhibit & slow decay of singular values and, as such, are often approximated
poorly due o the truncation of higher-order modes. Furthermore, employing a lingar projection
for such models places a fundamental limit on the accuracy of the reduced order maodels (ROMs),
This paper uses technigues from machine learming to develop & dimensionality reduction framework
for large-scale power grid models to overcome these lmitations effectively. In particular, we use
auroencoder (AE] network to learn low-dimensional nonlinear trial manifold to avoid the limication
of a finear trial subspace, This is followed by the use of long short-time memory (LSTM) netwaorks
to ohtam the evolution of the reduced dynamics in a non-intrusive manner. The resulting framework
vields ROM: that are compact and are several orders of magmtude more acourate than the lineas
projection-based methods, We demonstrate the proposed technigue on the standard |EEE 118-Bus
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systent. which has 54 generators, and the European high-voltage svstem with 260 generators,
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1. Introduction

Power grids are the backbane of madem industiies, The anal-
ysis, protection, and emergency contrel of the national and inter-
national grids are the most cntical aspects of the powsr utility.
To ensure a reliable operation of power grids, the power system
operation companies depend on fast and accurate dynamic sim-
ulations to train operators, analyze large sets of scenanos, assess
the dynamic security in real-time, or schedule the day-ahead
operation [1]. However, these rasks are becoming computation-
ally more intensive due to the increasing size and complexity
of modern power systems. The size of a power system s usu-
ally measured in terms of the number of buses and branches.
A typical power grid consisrs of thousands of interconnectad
buses and hundreds of generators, resulting in marhemarical
models that are high-dimensional and numerically expensive ta
simulate [2]. Apart from being large-scale, power systems have
dynamics that are strongly nonlinear and span multiple time
scales in the mechanical and electrical domains [3]. The high
penetration of distributed generation vsing renewable sources
such as solar photovoltaic, wind and battery storage, on the other
hand, have further increased the model complexity in analysis,
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simulation and control [4]. This current trend in grid modern-
ization via inverter-based technologies are resulting im highly
intercannected and complex power systems than ever before, The
growing complexity and large degree of freedom results in a huge
computatiomal bottleneck that preclude the use of such models in
real-time applications such as transient stability assessment, tra-
jectory sensitivity analysis, dynamic security assessment, onling
system Identification, and fault detection [2]. Though computing
power fechnologies have advanced over the last decade, allow-
ing for faster dynamic simufations, unfortunately, the scale and
complexity of simulations have also grown simultaneously. The
increased demand for more detailed and complex power system
models (distributed energy sources, power-electionic interfaces,
active distribution networks, ete.) can easily push any given com-
puter to its limits [ 1]. Since for real-time power system analysis,
there is a limitation on the scale of the system to be simulated, it
becomes mandatory 1o develop surrogate or reduced models that
preserve the desired dynamic properties of the original system,
Theze simplified models (dynamic equivalents) can therefore be
readily used to replace the true high-fidelity full order models
(FOMs) for computational intensive applications [5]. The most
commaon and widely adopted strateey (o obtain reduced models
is to employ the so-called projection techniques, These lechnigues
typically comprise two stages: an offfine stage and an online stage.
During the offline stage, these methods perform computationally



