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ABSTRACT
Transient Stability Assessment (TSA) is the major part of Dynamic Security Assessment (DSA) in an electric power system. On-line TSA has gained more importance for power
system security in last two decades. The decreasing costs
of hardware and advanced package programs and techniques
encourage researchers to apply parallel programming to the
problems that are either too much time consuming or impossible to solve using serial computers. The real-time evaluation of TSA is now almost possible thanks to such tools and
techniques. We demonstrate the use of the parallel computing toolbox of Matlab for TSA. In this regard, IEEE 57 and
118 bus systems are tested with 57 and 56 contingencies respectively. Each contingency requires solution of a transient
stability problem. The parallel performance of this implementation is expected to spur researchers to use parallel programming in Matlab environment. It requires minimal knowledge
regarding parallel programming.
1. INTRODUCTION
Transient Stability is defined as the study of dynamic behavior of an electric power system after a severe disturbance such
as transmission line fault or loss of a generation unit. After
the disturbance, the system is termed stable if it is able to
operate at the initial operating condition or settle down to a
new operating condition. Available methods to assess transient stability of a power system are summarized in [1]. Those
proposed methods can be classified in three parts: simulation
techniques, heuristic techniques, and training techniques [1].
The simulation techniques can be categorized as: numerical
integration methods, direct methods (extended equal area criterion and transient energy function) or Lyapunov methods,
and probabilistic methods. The heuristic techniques are called
expert systems, which consist of pattern recognition and neural network methods.
Any severe transient disturbance is called a contingency
in an electric power system. Dynamic Stability Assessment
(DSA) is defined as evaluating the voltage transients and stability of a power system for a large number of contingencies.
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Transient Stability Assessment (TSA) is the main part of the
DSA problem. The objective of TSA is to determine the dynamic behavior of an electric power system after a large disturbance. TSA is based on studies at the planning and operation stages of a power system. Also, assessing the power system dynamic response to a contingency is an important step
in power system security analysis. TSA can be thought of as
an off-line study if all contingencies are analyzed. However,
on-line TSA analysis become a necessity for on-line security
analysis [2].
On-line transient stability assessment has become an inevitable method in last two decades in energy management
centers [3–5]. Several studies have been published at this
point. Fast stability analysis techniques can be used to obtain
real-time transient stability assessment. Time domain numerical integration methods require large amount of computation.
This is a bottleneck for on-line TSA. To surmount this bottleneck, parallel programming can be a solution method. Parallel programming approach has been used in transient stability [6–9]. A distributed computing approach was implemented on TSA problem [10]. On the other hand, direct methods [11, 12], dynamic equivalent method [13, 14] and Neural
Network based methods [15–18] have been proposed to attain
on-line TSA.
This paper presents a parallel implementation of TSA on
a Matlab environment using the parallel computing toolbox
to achieve real-time performance. The decreasing cost of
hardware and increased capability of processor architecture
enables us to use parallel computation with existing timedomain methods to carry out on-line TSA. Different contingencies can be run on different processors concurrently. Matlab environment is an easy way to implement parallel processing. Also multi-core technology is appropriate for parallel
computation in Matlab environment.
2. TRANSIENT STABILITY ASSESSMENT USING
TIME DOMAIN SIMULATION METHOD
Conventional methods are called simulation techniques and
one of them, the time domain simulation, uses to assess

TSA. A differential algebraic model is used to describe the
power system in this simulation method. Dynamic devices
are modeled as a set of differential equations and power system network is modeled as a set of algebraic equations. The
differential-algebraic equations are given below in a general
form.
(1)
ẋ = f (x, V, u),
x(0) = x0
I(x, V ) = YN V

 xn+1 − xn −
h
[f (xn+1 , Vn+1 ) + f (xn , Vn )] = 0
2

Different contingencies can be handled on different processors concurrently. The following algorithm is used to achieve
an on-line transient stability assessment in Matlab environment. Algorithm 1 demonstrates how parallel programming
in Matlab environment applies to TSA.

(2)
Algorithm 1

where x is a vector of state variables, V is a vector of complex
bus voltages, u is a vector of inputs, I is an injected current
vector to the buses, YN is the N ×N complex bus admittance
matrix of the network, and N is the number of buses in the
system.
Fn+1

3. DOMAIN DECOMPOSITION BASED METHOD
FOR ON-LINE TSA

Create initial data for contingency evaluation,
Decide a contingency distribution depending on the number of available processors,
3: Open the single program multiple data (SPMD) block
1:
2:

• Evaluate Transient Stability Analysis for contingencies
(3)

4:
5:

Gn+1  YN Vn+1 − I(xn+1 , Vn+1 ) = 0

(4)

Numerical integration methods can be used to solve (1).
These methods are classified as explicit and implicit methods. One of the implicit methods, trapezoidal integration
method, is preferred to integrate (1) in this study. After the
integration of (1), the differential equations turn to algebraic
equations as in (3). Here, h is an integration time step, n
and n + 1 are time steps in (3) and (4). If (3) and (4) are
solved separately and iterated between each other, the solution method is called alternating solution or if equations are
solved simultaneously, the solution is called simultaneous solution. The latter method is preferred in this paper. Combined
algebraic equations must be solved using Newton-Raphson
method.
 ∂F

n+1

∂xn+1
∂Gn+1
∂xn+1

∂Fn+1
∂Vn+1
∂Gn+1
∂Vn+1






Fn+1
Δxn+1
=−
ΔVn+1
Gn+1

Close the SPMD block
Results

(5)

Using the solution of (5), the unknown variables can be
updated for the next Newton iteration. In time domain solution method, differential-algebraic equations are resolved
with the help of simultaneous implicit method on each time
step.
Time-domain simulation method for transient stability
analysis, as explained above, is used in TSA study. For large
electric power systems, performing a detailed analysis for all
contingencies takes a lot of time in TSA. This is an obstacle to
an on-line TSA. So, the concept of contingency selection has
been used to decrease the number of contingencies. Selected
contingencies, which are potentially detrimental for power
system, are simulated to achieve an on-line TSA. The type
of contingencies considered in this study are the three-phase
balanced faults created at various locations in the system at
any one time.

In Matlab environment, parallel computing toolbox is
available to implement parallel computation of serial solution for any problem [19]. This is very important to use the
computer power on nowadays. The multi-core and multiprocessors systems have more capacities in terms of computing
power. To utilize this power in Matlab, popular for all engineering calculations, parallel programming is an unavoidable
technique by means of parallel computing toolbox. This toolbox has different key features to develop parallel applications
efficiently. In TSA, data parallel algorithm is a suitable way
to acquire real-time solution. Thus, single program multiple
data (spmd) construction from parallel computing toolbox
is used to create a domain decomposition method. In spmd
block, each processor simulates concurrently its share of
contingencies, which are decided initially.
Algorithm 2
1: Matlabpool open
2: spmd
• For each worker do statements in this spmd block
3:
4:

end
Matlabpool close

Algorithm 2 shows the usage of spmd block in Matlab environment. Matlabpool is used to request parallel resources.
Resources are called workers in parallel computing toolbox.
Cores and processors behaves as workers in Matlab. Each
worker has a unique identity, called labindex, to customize
the execution of parallel jobs. After getting parallel resources,
parallel jobs are created in spmd block. Then, workers do the
same jobs in this block. At the end of parallel jobs, Matlabpool is closed to release parallel resources. The following

algorithm, Algorithm 3, is a simple example to show the usage of spmd. A matrix is multiplied by different vectors on
workers at the same time.

8

Algorithm 3
Require: Matrix A and vector t.
1: Matlabpool open
2: spmd
3: x ← labindex ∗ t
4: b ← A ∗ x
5: end
6: Matlabpool close
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4. TEST RESULTS
Simulations are conducted on a cluster node, which has 4
Dual Core Xeon 2.33 GHz processors and 32 GB RAM.
IEEE 57 and 118 bus test systems are used to observe the
performance of domain decomposition based method for parallel implementation. The former system has 7 generators and
80 branches. The latter has 54 generators and 186 branches.
All contingencies, three phase faults, are used in TSA simulation. All together 57 contingencies created for the 57 bus
system and 56 contingencies for the 118 bus system are simulated. The transient disturbance started at 0.5 seconds and
cleared at 0.55 seconds. The total simulation time is 2 seconds in each contingency. The parallel performance of the
implementation is denoted by speedup definition. It is the ratio of the cpu-time taken for one processor to the cpu-time
taken for a given number of processors on parallel algorithm.
It is called the relative speedup. The results of the applied
method are given in Table 1 for both systems. Fig.1 shows
speedup changes with respect to number of cores on 57 and
118 bus systems. Thanks to the domain decomposition based
method, the speedup curve is closer to the ideal speedup.
Table 1: Relative Speedup for parallel TSA
Test

2 cores

4 cores

8 cores

System

Speedup

Speedup

Speedup

57

1.98

3.94

7.67

118

1.91

3.75

7.10

Fig. 1: Parallel Speedup In Terms of TSA

for anyone who does not have any prior knowledge of parallel computations. Multi-core technology will also encourage/require the usage of parallel programming.
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