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PSERCOutline

• Background
• The main idea:

- Operational data
- Non operational data
- “Transparent” data

• Implementation examples
• Future steps
• Conclusions
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PSERCBackground

• Concept of data integration and information 
exchange:

- M. Kezunović, A. Abur, “Data Integration and Information Exchange: Impacts on Future 
Substation and EMS Applications,” EPRI Final Report #1010898, May 2004.

- M. Kezunović, A. Abur, A. Edris, D. Šobajić, “Data Integration/Exchange Part II:  Future 
Technical and Business Opportunities,” IEEE Power & Energy Magazine, pp 24-29, May/June  
2004.

- M. Kezunović, A. Abur, A. Edris, D. Šobajić, “Data Integration/Exchange Part I:  Existing 
Technical and Business Opportunities,” IEEE Power & Energy Magazine, pp 14-19, 
January/February 2004.

- M. Kezunovic, A. Abur, “Merging of Temporal and Spatial Aspects of Data and information for 
Improved System Monitoring Applications,” IEEE Proceedings, Vol. 93, No. 11, November 
2005
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PSERCBackground
• Demonstration of the concept using modeling 

and simulation of substation automation 
applications:

- M. Kezunovic, A.Abur, “Enhanced Reliability of Power System Operation Using
Advanced Algorithms and IEDs for On-Line Monitoring,” PSerc Project T-17 titled,
Final report, September 2005.

- X. Luo, M. Kezunović, “An Expert System for Diagnosis of Digital Relay 
Operation,” 13th Conference on Intelligent Systems Application to Power Systems, 
Washington DC, USA, November 2005.

- M. Kezunović, G. Latisko, “Requirements Specification for and Evaluation of an 
Automated Substation Monitoring System,” CIGRE 2005, Calgary, Canada, 
September 2005.

- Y. Wu and M. Kezunović, “Automatic Simulation of IED Measurements for 
Substation Data Integration Studies,” IEEE PES 2005 General Meeting, San 
Francisco, California, June 2005.

- M. Kezunović, G. Latisko, “Automated Monitoring Functions for Improved 
Power System Operation and Control,” IEEE PES 2005 General Meeting, 
San Francisco, California, June 2005. 
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PSERCSubstation Developments
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PSERCBackground

• Implementation of the concept using 
field data/installations:

- M. Kezunovic, “Role of Substation Automation in Real Time 
Control,” DOE CERTS, on-going.

- M. Kezunovic “Multiple Uses of Substation Data,” EPRI, on-
going

- J. Ciufo, K. Rolston, M. Kezunović, G. Latisko, A. Edris, 
“Requirements for Automated Analysis of Substation Data,” 
North American Transmission and Distribution Conference & 
Expo, Toronto, Canada, May 2005.

- M. Kezunović, G. Latisko, N. Ved, “Real-Time Monitoring and 
Assessment of Circuit Breaker Operations for Diagnostics and 
Control Applications,” EPRI Substation Equipment Diagnostics 
Conference XIII, New Orleans, Louisiana, March, 2005.
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PSERCImplementation: Field installation



11

PSERCOutline

• Background
• The main idea:

- Operational data
- Non operational data
- “Transparent” data

• Implementation examples
• Future steps
• Conclusions



12

PSERCThe main idea
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PSERC
Data from DFRs, DPRs, and CBMs
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PSERC
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PSERC
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PSERCBetter Information
Multiple Data 
Sources
CB monitors: control 
circuit signals, vibration, 
gas pressure

Digital fault recorders: 

“A” and “B” contacts, 
phase current changes

Protective relays: duty 
cycle currents, I2 • t

Temporal 
Analysis
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circuit breaker status
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PSERCInformation Users
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PSERC

Demonstration: Modeling and 
Simulation
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PSERC

New Automated 
Analysis Functions

Function Name Description

Digital Protective 
Relay Data Analysis 
[DPRA]

Checks consistency of data from 
various relay files. Verifies 
correctness of data from various 
relay files

Circuit breaker 
monitor data analysis 
[CBMA]

Evaluates performance of the 
circuit breaker based on the 
analysis of data taken from the 
control circuitry

DFR data analysis 
[DFRA]

Conducts automated analysis of 
fault records captured by Digital 
Fault Recorders (DFRs) and 
disseminates event reports
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PSERC

New Automated Analysis 
Functions

Function Name Description
Verification of 
switching sequences 
[VSSS]

Determines optimal switching 
sequences for each type of fault 
condition or load transfer operation. 
Verifies the switching sequences

Fault analysis 
including fault 
location [FAFL]

Performs local as well as system 
wide analysis of the faults

Power quality meter 
data analysis [PQMA]

Performs power quality analysis 
and modeling

Two-Stage State 
Estimation [TSEE]

Detects and identifiies the topology 
errors
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PSERCAutomated Analysis of CBM Data
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PSERCAutomated Analysis of CBM Data
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PSERCAutomated analysis of CBM Data
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PSERC
Automated Analysis of CBM Data
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Check trip assembly for binding.  It may 
require some adjustment.
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PSERCAutomated Analysis of DFR Data
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PSERCAutomated Analysis of DFR Data
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PSERCAutomated Analysis of DFR Data
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PSERCAutomated Analysis of DFR Data
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PSERCAutomated Analysis of DPR DataAutomated Analysis of DPR Data
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PSERCAutomated Analysis of DPR Data
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PSERCAutomated Analysis of DPR DataAutomated Analysis of DPR Data
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PSERCSubstation Application
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PSERC
Interfacing Substation and SCADA 
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PSERCFunction Blocks
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PSERCLocal Monitoring and Control Techniques

• Neural Network based Fault Detection & 
Classification (NNFDC)

1.  By using the ART neural network 
based on unsupervised & supervised 
learning, a set of clusters that 
represent the desired outputs are 
obtained.

Data From Power 
System Simulation

Data From 
Substation Historical 

Database

ART Neural 
Network 
Training
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Fuzzy ART 
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Algorithm
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On-line

2. Using the prototypes of trained clusters, Fuzzy K-nearest neighborhood 
classifier can realize online analysis of unknown patterns for fault detection and 
classification
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PSERC
Local Monitoring and Control Techniques

Synchronized Sampling 
based Fault Location 
(SSFL)

• Raw samples of voltage 
and current data 
synchronously taken from 
the ends of the 
transmission line. 

• Two time-domain 
algorithms  to handle short 
and long transmission line. 

• Any assumptions about 
system operating 
conditions, fault resistance, 
fault waveforms, etc.
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PSERCLocal Monitoring and Control Techniques

Node Scenarios Reference Action

1 No fault in preset zones Keep monitoring

2 Relay does not detect a fault Stand by

3 Relay detects a fault and 
initiates a trip signal

Check the defects in relay algorithm 
and settings 

4 Trip signal blocked by the 
other device in the system 

5 Trip signal failed to be blocked Check communication channel 
Send blocking Signal if necessary

6 Circuit breaker opened by a 
trip signal 

7 Circuit breaker fails to open Check the breaker circuit.

8 Autoreclosing succeeds to 
restore the line

9 Autoreclosing fails to restore 
the line

Send reclosing signal to the breaker 

10 Breaker failure protection trips 
all the breakers at the 
substation

11 No Breaker failure protection 
or it doesn’t work

Check the circuit of the breaker 
failure protection. 

Event Tree Analysis (ETA)
Design a set of event trees for each of 
distance relay systems to monitoring relay 
operations
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