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Abstract—A global multiscale method based on a dynamic
mode decomposition (DMD) algorithm to characterize the global
behavior of transient processes recorded using wide-area sensors
is proposed. The method interprets global dynamic behavior in
terms of both, spatial patterns or shapes and temporal patterns
associated with dynamic modes containing essentially single-fre-
quency components, from which the mode shapes, frequencies
and growth and decay rates of the modes can be extracted si-
multaneously. These modes are then used to detect the coherent
and dominant structures within the data. The technique is well
suited for fast wide-area monitoring and assessment of global
instability in the context of modern data fusion-based estimation
techniques. Results of the application of the proposed method to
large, high-dimensional data sets are encouraging.

Index Terms—Dynamic mode decomposition, inter-area oscilla-
tions, mode-shape.

I. INTRODUCTION

P OWER system dynamic monitoring for a near real-time
control has received increased importance in the past 5–10

years because of two primary reasons. Firstly the analysis of
the causes and mechanisms of several large blackouts identi-
fied the lack of fast and dynamic monitoring [1]. Secondly the
phasor measurement technology (PMUs) for deployment over
wide area power system is now available commercially. A suc-
cessful wide-area monitoring of low-frequency oscillation re-
quires adaptive global identification methods, which can ac-
curately identify and track the evolving dynamics of critical
system modes [2], [3].
The dynamic monitoring of systems should be robust, and re-

silient against uncharacteristic variation of signal information.
The tools must operate in real-time to quickly quantify the risks
to system shut down such as blackouts. In the past few large
power system collapse it has been observed that slowly growing
power oscillations of low frequency have triggered the final
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events. These are known as inter-area modes as they are man-
ifested across several large utilities. Naturally fasts monitoring
of these oscillations is way to commit control to avert such sit-
uations.
Identifying damping factors and the frequency of oscillations

has been very popular to quantify the stability margin in small
signal sense [4]. Both, model and data driven tools, are reported.
The recently concluded IEEE Task Force on modal identifica-
tion [3] summarizes recent work on this topic.
Inter area oscillations monitoring targeting temporal ampli-

tudes and phases of inter-area mode and energy of oscillations
are useful attributes to assess the proximity of the system to
instability [5]–[13]. Because of their global nature, modal fre-
quencies and modal speeds in particular, are directly associated
with global system behavior and may therefore be useful to de-
tect and visualize the stressed part of the system. In addition, the
level of energy associated with the oscillations as a measure of
stability margin is a useful indicator as it is robust against noise
in the measured signal.
Recently, several multi-scale dynamic feature extraction

methods have been used to objectively identify and extract
dominant patterns exhibited by power system transient pro-
cesses. Of these methods, proper orthogonal decomposition
(POD) and principal component analysis (PCA) have been
applied to identify dynamically coherent generators and mode
shapes using ensembles of model simulations and measured
data [5]–[7]. The simplicity of the model structure allows for
direct numerical analysis of large data sets collected using
strategically located sensors.
Over the last few years, data-driven methods for modal iden-

tification based on the use of the Koopman operator have been
developed [8]–[10]. These methods use Arnoldi-like techniques
and enable complex oscillatory processes to be represented by
several single-frequency nonlinear modes from which oscilla-
tions and interacting generators could be identified. The appli-
cation of this approach, however, is challenging due to both, the
high dimensionality of the parameter space and the computa-
tional complexity.
In this paper, a physically-motivated dynamic mode decom-

position (DMD) algorithm is introduced to monitor the spatial
and temporal dynamics of nonlinear transient phenomena. Dis-
tinct from previous power system identification methods, the
proposed framework allows the multi-scale spatial and temporal
dynamics in observed data to be identified directly from obser-
vational data [14]–[18].
Methods for interpreting the nonlinear mathematical struc-

ture of the spatio-temporal model in terms of temporal and struc-
tural components are discussed and a physical interpretation is
provided.
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