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Review and Prospects of Online Calculation and Analysis Techniques for

Power System Security and Stability
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(Department of Electrical Engineering, Tsinghua University, Haidian District, Beijing 100084, China)

ABSTRACT: Online security and stability calculation and
analysis technologies provide crucial support for the accurate
perception of real-time grid operation status and correct
decision-making for the power dispatching sector. With the
increasingly complex and stochastic dynamic characteristics of
new power systems, traditional online security and stability
analysis systems based on steady-state and asynchronous
measurement data have shown deficiencies in real-time and
accuracy. In contrast, the new generation of online security and
stability analysis technology based on dynamic and
synchronous phasor measurement data has attracted attention
from research and engineering communities both domestically
and internationally. In this context, this paper reviews the key
technologies and bottlenecks involved in the existing online
security and stability calculation and analysis systems, focusing
on real-time state perception, dynamic parameter identification,
and online stability assessment as core components.
Furthermore, the overall framework and possible future
research directions for the next generation of online security
and stability computation and analysis systems are proposed,
with the aim of providing reliable technical support for the safe

and stable operation of new power systems.
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Fig. 1 The diagram of dispatch automation system
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Fig.2 The key techniques of online analysis for
power system safety and stability
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Fig. 3 The linear measurement model based on PMU
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Fig. 4 The flow chart of power grid topology analysis
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Fig. 7 Principle of online component-based load modeling
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Fig. 8 Principle of measurement-based load modeling
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Fig. 9 Integration method of renewable energy
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Fig. 10 The basic framework of artificial intelligence

methods for power system stability analysis
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Fig. 11 PMU-based online calculation and analysis framework for power system safety and stability
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a 500 kV transmission line in fault scenarios
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Online security and stability calculation and
analysis technologies provide crucial support for the

accurate perception of real-time grid operation status and

correct decision-making for the power dispatching sector.

With the increasingly complex and stochastic dynamic
characteristics of new power systems, traditional online
security and stability analysis systems based on
steady-state and asynchronous measurement data have
shown deficiencies in real-time and accuracy. In contrast,
the new generation of online security and stability
analysis technology based on dynamic and synchronous
phasor measurement data has attracted attention from
research and engineering communities both domestically
and internationally.

The three core components of security and stability
calculation and analysis are shown in Fig. 1, including
state awareness, dynamic parameter identification and
online stability assessment. State awareness provides the
initial values of power flow and the network topology
for online stability assessment, as well as dynamic
parameter identification provides the dynamic model
parameters for online stability assessment. Focusing on
these three core components, this paper reviews the key
technologies and bottlenecks involved in the existing
online security and stability calculation and analysis
systems.

For state awareness, the current research status of
the three parts strongly related is introduced, which
are state estimation, network topology analysis and

parameter identification, and online power flow

calculation.

S3

State awareness dynamic parameter
identification
state
estmation online traditional generators
network topology power ﬂf)W
analysis and calculation dynamic loads
parameter
identification renewable energy units
network the initial values dynamic
topology/parameters of power flow parameter
online stability assessment
voltage power angle frequency oscillation
stability stability stability stability

Fig.1 The key techniques of online security and stability

calculation and analysis systems

For dynamic parameter identification, the ideas
and identification methods of common dynamic
components in power systems, including traditional
generators, dynamic loads and renewable energy units,
are introduced.

For online stability assessment, the basic ideas
and methods are introduced from both model-driven
and data-driven technical routes for four common
stability problems, which are voltage stability, power
angle stability, frequency stability, and oscillation
stability, respectively.

Finally, the overall framework and possible
future research directions for the next generation of
online security and stability analysis systems are
proposed, with the aim of supporting the development
of real-time security and stability analysis, operation
dispatching, and auxiliary decision-making, enhancing
the abilities of power system assessment and

decision-making, and ensuring the safe and stable

operation of modern power systems, respectively.



