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Introduction
 Event detection    improved grid observability

 Generator trips 

 immediate generation–load imbalance 

 rapid frequency/voltage fluctuations

 Fast event detection 

 Locate the disturbance

 Identify the tripped unit

 Estimate lost generation

 PMU/SCADA: wide-area, but limited resolution

 Point on Wave: 8–60 kHz, captures fast transients, 
but sparse & computationally/memory intensive Source: ChatGPT

Sparse DFRs and limited generator measurements challenge event localization



Objectives

 Develop an event detection algorithm for detecting and identifying partial generator trips

 Identify the affected generator units

 Estimate the generator power output during disturbance

 Explore Convolution Neural Network (CNN) feasibility for generator tripping



Proposed Event Detection Algorithm using CNN Architecture

N = Number of Generators
B = Batch
V = Features
T = Time Series

Inputs
• Instantaneous 
voltage and current 
measurements at 
different 
buses/lines/ 
transformer

Data Processing
• Input data 
normalization
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Event Detection 
CNN Algorithm

Stage 1: Event Detection
• Binary Classification
• Output: 0 (No Event) / 1 (Event Detected)

Stage 2: Generator Identification
• Multi-class Classification
• Output: Generator Index

Stage 3: Power Estimation
• Regression Model
• Output: Estimated each generator Power (MW)

Normalized voltage and current fed into multi-head CNN for event detection, tripped-generator identification, and MW estimation



Simulation Setup
 Modified IEEE 9 bus system

 Two inverters connected at bus 4 and bus 9

 System simulation time = 1𝜇𝜇𝑠𝑠

  DFR based measurements at 20kHz i.e. 50 𝜇𝜇𝑠𝑠

 Generated training and testing datasets includes

 Bus and line faults

 Varying fault resistance 

 Training/testing ratio = 80/20

 Total Loss  = −[𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑝𝑝 + 1 − 𝑦𝑦 log 1 − 𝑝𝑝  − ∑𝑖𝑖=0 𝑦𝑦𝑖𝑖 log 𝑝𝑝𝑖𝑖   +  1
𝑁𝑁

𝑦𝑦 − �𝑦𝑦 2

                                       Binary Cross Entropy          Cross Entropy           Mean Square Error

𝑦𝑦 = true label 0 or 1
𝑝𝑝 = predicted probability 
𝑖𝑖 = class
�𝑦𝑦 = estimated label



MAE    = Mean Absolute Error
MSE    = Mean Square Error
RMSE = Root Mean Square Error

High classification accuracy achieved for generator trip detection 
and unit identification

Results

Estimated event, tripped generator and power closely 
tracks actual responses

Generator class index
 0 = non trip, 1= gen1 tripped, 2= gen2 tripped and 3 = both gen tripped 

Event = True 

Instant generator 1 is tripped

Instant both generators are 
tripped

Results demonstrate the feasibility of the CNN-based framework



Conclusion

 Multi-head CNN successfully demonstrated on the IEEE 9-bus system

 Promising performance in event detection, unit identification, and MW power estimation

 Future work

 expand datasets, operating conditions, and fault scenarios

 benchmark against other algorithms like Graph Neural Networks and validate using real PMU/DFR data
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Contingency Selection

https://my.visme.co/view/vm81xemj-g8nlqk760o7elm9d#s1
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