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ABSTRACT

On-line dynamic security assessment (DSA) is challenging using conventional techniques
because most DSA approaches use detailed mathematical models of the system that are
computationally intensive and time-consuming. In this paper, a method based on Artificial Neural
Networks (ANN) is developed to estimate the security margin. The security margin for a given power
system is obtained by applying standard operations criteria for transient response to off-line time
simulations. These simulations then form a database that can be used to train a pattern matching
approach, such as, ANNs. Feature selection using statistical approaches is applied to overcome the
dimensional problem of applying the ANN to larger systems. This method provides a fast and accurate
tool to evaluate dynamic security. If the estimated security margin is less than requirements, then
preventive control actions that guarantee dynamic security of the power system are needed. This is
achieved by optimal rescheduling of the generation with given constraints on the network power
flows and system security margins as estimated by the ANN. This requires a modified Optimal Power
Flow (OPF) solution that allows the trained ANN to act as a security objective function. Numerical
results on the New England 39-bus system validate the methodology.

1. INTRODUCTION

Modern power systems are large and complex systems operated under great economic
pressures in the new competitive and deregulation environment. These pressures have forced power
systems to be operated closer to security limits, limits that may not be well understood. Consequently,
as evidenced by the recent spate of blackouts, power system security has become a major concern.
Power System security is the ability of system to withstand sudden disturbances with minimum
disruption to the quality of service. Examples of such disturbances are electric short circuit, change of
transmission system configurations due to faults, loss of system components, line switching actions,
or sudden load increase. For proper planning and operation, it means that after the disturbance occurs,
the power system must meet two requirements: (1) surviving the ensuing transient and moving into an
acceptable steady-state condition, and (2) in this new steady-state condition all components are
operating within established limits [1]. The analysis used for the first requirement is Dynamic Security
Assessment (DSA). The second requirement is known as Static Security Assessment (SSA). Several
techniques are now available to perform quickly and reliably SSA; however, DSA methods are still not
fully developed and available.

DSA is comprised of both Transient Stability Assessment (TSA) including adequate damping
and Voltage Security Assessment (VSA). TSA is a major concern in the assessment of multi-machine
power systems. In particular, a fault or loss of a large generator can give rise to large electromechanical
oscillations between generating units, which might lead to loss of synchronism in the system. VSA is
associated with the increased loading of long transmission lines and insufficient local reactive power
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Load 
center 

0������9���%��
���������������

���
�������������	������������
������������������	����������

Pattern 
number 

Unit 30 
(MW) 

Unit 31 
(MW) 

Unit 32 
(MW) 

Unit 33 
(MW) 

Unit 34 
(MW) 

Unit 35 
(MW) 

Unit 36 
(MW) 

Unit 37 
(MW) 

Unit 38 
(MW) 

Unit 39 
(MW) 

1 250.0 573.66 650.0   632.0 508.0 650.0 560.0 540.0 830.0 1000.0 
2 308.6 583.9 655.2 599.8 462.5 646.4 565.8 555.1 808.3 1008.0 
3 256.8 531.2 830.72 599.2 472.0 839.20 482.15 663.0 719.38 800.0 
4 288.9 597.6 696.46 599.2 472.0 710.4 524.88 524.88 829.35 950.0 
5 347.56 597.6 674.1 599.2 472.0 674.1 524.88 524.88 829.35 950.0 
6 363.69 579.67 653.88 581.22 607.7 653.88 509.13 509.13 804.47 930.89 
7 280.2 579.7 653.9 581.2 607.7 653.9 509.1 509.1 804.5 1014.4 
8 312.2 579.7 653.9 613.7 532.1 653.9 509.1 509.1 830.0 1000.0 
9 280.23 579.67 653.88 623.74 554.00 653.88 509.13 509.13 830 1000.0 

10 274.5 573.7 640.4 632.0 573.5 640.4 498.6 530.6 830.0 1000.0 
11 274.5 573.7 640.4 632.0 583.5 640.4 498.6 520.6 830.0 1000.0 
12 280.2 579.7 653.9 632.0 554.0 653.9 509.1 509.1 821.7 1000.0 
13 319.2 579.7 653.9 608.7 525.1 653.9 509.1 514.1 830.0 1000.0 
14 324.2 579.7 653.9 606.7 520.1 653.9 509.1 516.1 830.0 1000.0 
15 334.2 579.7 653.9 606.7 515.1 646.9 499.1 523.1 835.0 1000.0 
16 344.2 579.7 653.9 606.7 510.1 639.9 489.1 530.1 840.0 1000.0 
17 354.2 579.7 653.9 606.7 505.1 632.9 479.1 537.1 845.0 1000.0 
18 364.2 579.7 653.9 606.7 500.1 625.9 469.1 544.1 850.0 1000.0 
19 374.2 584.7 653.9 601.7 492.1 618.9 459.1 552.1 857.0 1000.0 
20 384.2 589.7 653.9 596.7 484.1 611.9 449.1 560.1 864.0 1000.0 
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Training 
Method 

Max error 
(MW/%) 

Min error 
(MW/%) 

Mean error 
(MW/%) 

Mean 
Square error 

(MW 2 ) 

Standard 
Deviation 

(MW) 

Number 
of hidden 
neurons 

Levenberg
-Marquardt 

7.4043, 
4.2811% 

0.0003 
0.00006% 

0.6850 
0.2622% 

1.3102 1.1036 25 

Bayesian 
Regulation 

5.5207 
7.3437% 

0.0010 
0.0005% 

0.5878 
0.2683% 

0.6710 0.8193 25 
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Gen. unit 
no. 

Base case gen. 
 (MW) 

Rescheduling 
 using heuristic  
method (MW) 

Rescheduling using 
optimization 
 case 1 (MW) 

Rescheduling using 
optimization case 2 

(MW) 
30 250.00 308.6     385.2     385.20     
31 573.66   583.9     531.2     564.94   
32 650.00   655.2       651.6     655.98  
33 632.00   599.8     599.2     599.20     
34 508.00   462.5     528.1     472.0     
35 650.00   646.4      642.7    665.78  
36 560.00   565.8      447.5     447.53     
37 540.00   555.1      552.5     552.50 
38 830.00 808.3       855.5     855.54 
39 1000.00 1008.0 1000.0 995.00 

Estimated 
P margin 

(MW) 

- - 801.38 964.16 

Actual P 
margin 
(MW) 

425 500 800 875 

Worst case Branch 21-22 Branch 21-22 Branch 16-17 Branch 16-17 
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