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Solving the security-constrained ac optimal power flow (SCACOPF) problem involves determining the optimal operating
conditions for generating power on a bus-branch power system
while minimizing operational costs. In addition to the constraint
of operating standards on the network, the security-constrained
problem must consider post-contingency constraints as a result
of generation failures as well as transmission line and
transformer overloading. This work uses machine learning
algorithms in order to determine the impact of key
contingencies with the intent of allowing SC-ACOPF iterative
solvers to operate with an increased efficiency of HPC
resources.

DIFFERENCE IN THE SC-ACOPF
AND ACOPF DESCRIBE IMPACT

MACHINE LEARNING MODELS
CLASSIFY CONTINGENCIES

• The impact score is computed to describe the impact of the

Several models were implemented with the intent of classifying high
impact and low impact contingencies. We focus on the area under the

contingency on the power flow of the system.
• The score is calculated by solving the base case ACOPF (without the

curve (AUC) and the recall as a metric for choosing the best models.

contingency). The SC-ACOPF is solved with a given contingency and
the difference in cost and penalties to the objective function
determines the impact.

FEATURES DESCRIBING
CONTINGENCIES FOR SC-ACOPF
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• Quantitative and categorical features were engineered to describe
local and global descriptors for a given contingency.
• Features include information about the geometric location of the
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contingency as well as the effect of load balances.

Comparison of K nearest neighbors (KNN), logistic regression (LR), stochastic gradient
descent (SGD), naive Bayes classifier (NB), decision tree classifier (DT), random forest
classifier (RF), gradient boosting classifier (GB), XGBoost classifier and extra trees
classifier (ETC).

Scores calculated for 68,852 different contingencies across 10 different networks. Using the
the threshold we define high impact contingencies and low impact contingencies . There is a
severe class imbalance in the dataset where only 1671 contingencies are labeled as high
impact.

Small example of a power grid system and the three types of possible structures effected by
contingencies.

Feature

Description

Type (1-3)
Contingency
Size (4-7)
Distance to Generator (8)
Avg. Distance to Generator (9)
Avg. Voltage Slacks (10,11)
Avg. Generator
Pslacks (12,13)
Avg. Generator
Qslacks (14,15)
Avg. Transmission Slacks (16,17)
Variance of Alpha (18)
Kurtosis of Alpha (19)
Avg. Vertex Degree (20,21)
Ratio Non Tree Edges (22)
Total Demand (23)
Total Capacity (24)

Type of contingency: Generator, Line or Transformer

Results on the test set using a set of stacked
classifiers including extra trees classifiers and the
XGBoost classifier.

Left: The partitioning of the data used for training,
testing and validation. The class imbalance was
addressed by subsampling the low impact data
points. Below: The key features identified after
implementing the extra trees classifier.
The AUC reported for training, validation and
testing sets.

Relative size of contingency to total demand of the system
Electrical distance to closest generator
Avg. electrical distance to all local generators
Voltage slacks (Global and local)
Generator active power slacks (Global and local)
Generator reactive power slacks (Global and local)
Transmission slacks (Global and local)
Variance in how much generator responds to contingency
Kurtosis of how much generator responds to contingency
Vertex degree in relation to the contingency
Describes how “tree-like” a connected graph is
Total demand given a contingency
Total capacity given a contingency
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CONCLUSIONS
• Using the expertise of power grid engineers and experts in power flow
optimization methods, we engineered features with the goal of
identifying high impact contingencies.
• By focusing on recall we minimize false negatives at the cost of
evaluating fewer low impact contingencies.
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