
Contingency Analysis and State Estimation 

(Power System) 

1. Contingency Analysis 

Definition 

Contingency Analysis (CA) is the process of evaluating the security of a power system by 

simulating the outage (failure) of one or more system components such as transmission lines, 

transformers, generators, or loads. It helps operators identify potential problems before they 

occur and ensures reliable power system operation. 

Objectives 

 Maintain power system security and reliability.  

 Predict the effect of equipment outages.  

 Identify overloaded transmission lines and transformers.  

 Check voltage limit violations.  

 Assist operators in preventive and corrective actions.  

 Ensure uninterrupted power supply.  

Types of Contingencies 

1. Single Contingency (N-1 Criterion)  
o Outage of one component.  

o Example: Failure of one transmission line.  

2. Multiple Contingency (N-2, N-3)  
o Simultaneous outage of two or more components.  

o Used for highly reliable systems.  

3. Planned Contingency  
o Scheduled maintenance shutdown.  

4. Unplanned Contingency  
o Sudden faults, storms, equipment failure, or natural disasters.  

Steps in Contingency Analysis 

1. Obtain the current operating condition.  

2. Perform load flow analysis.  

3. Simulate contingency (line/generator outage).  

4. Calculate new power flow.  

5. Check:  

o Bus voltages  

o Line loading  

o Generator limits  

6. Rank contingencies according to severity.  

7. Recommend corrective actions.  

Corrective Actions 

 Generation rescheduling  



 Load shedding  

 Switching transmission lines  

 Transformer tap changing  

 Reactive power compensation  

 Network reconfiguration  

Advantages 

 Improves system security.  

 Prevents cascading failures.  

 Reduces blackout probability.  

 Supports Energy Management System (EMS).  

 Enhances operational planning.  

Applications 

 Control centers  

 SCADA/EMS  

 Smart grids  

 Power system planning  

 Transmission operation  

Advantages 

 Predicts system security problems.  

 Improves reliability.  

 Supports preventive maintenance.  

 Minimizes economic losses.  

Limitations 

 Computationally intensive for large systems.  

 Requires accurate network data.  

 Analysis becomes complex for multiple outages.  

State Estimation 

Definition 

State Estimation (SE) is the process of estimating the most probable operating state of a 

power system using redundant measurements obtained from the SCADA system. 

The state variables are mainly: 

 Voltage magnitude  

 Voltage phase angle  

These estimated values are more accurate than raw measurements because measurement 

errors are minimized. 

 



Objectives 

 Determine accurate bus voltages and phase angles.  

 Remove measurement errors.  

 Detect bad data.  

 Improve system monitoring.  

 Provide accurate data for contingency analysis and optimal power flow.  

 

Inputs to State Estimation 

Measurements obtained from SCADA include: 

 Bus voltage magnitude  

 Real power injection  

 Reactive power injection  

 Real power flow  

 Reactive power flow  

 Current measurements  

 

Outputs 

 Estimated voltage magnitude  

 Estimated voltage angle  

 Estimated line power flows  

 Estimated bus power injections  

 

State Estimation Process 

1. Collect measurements from SCADA.  

2. Form measurement equations.  

3. Initialize state variables.  

4. Apply estimation algorithm.  

5. Detect bad measurements.  

6. Update system state.  

7. Send results to EMS applications.  

 

 

 

 

 

 

 

 



Types of State Estimation 

Static State Estimation 

 Uses measurements at one instant.  

 Most commonly used in EMS.  

Dynamic State Estimation 

 Uses measurements over time.  

 Suitable for rapidly changing systems.  

Advantages 

 Improves measurement accuracy.  

 Detects faulty sensors.  

 Provides reliable system information.  

 Supports contingency analysis.  

 Improves power system security.  

 Reduces operator errors.  

Limitations 

 Requires redundant measurements.  

 Computational complexity for large networks.  

 Performance depends on measurement quality.  

 Communication delays may affect estimation.  

Difference Between Contingency Analysis 

and State Estimation 

Feature Contingency Analysis State Estimation 

Purpose 
Predicts system performance after 

outages 

Estimates the present operating 

state 

Input 
Network model and operating 

condition 
SCADA measurements 

Output System security assessment 
Estimated voltage magnitude and 

angle 

Main Objective Security analysis Accurate monitoring 

Method Load flow under outage conditions Weighted Least Squares (WLS) 

Used For Preventive and corrective control 
EMS, SCADA, Optimal Power 

Flow 

Time of 

Operation 
Before or after a contingency Continuous real-time operation 

 
 


