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IntroductionIntroduction
Substations are rapidly acquiring advanced Substations are rapidly acquiring advanced 
computational and communication capabilities.computational and communication capabilities.
EMS functions do not model substations in detail EMS functions do not model substations in detail 
due to the complexity of the model. due to the complexity of the model. 
Certain measurements that are available at the Certain measurements that are available at the 
substation can not be used by the central EMS substation can not be used by the central EMS 
functions.functions.
Such measurements can be readily processed at Such measurements can be readily processed at 
the substation to aid topology error detection. the substation to aid topology error detection. 
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MotivationMotivation
There are no well established and commonly There are no well established and commonly 
implemented methods to detect, identify and implemented methods to detect, identify and 
eliminate topology errors. eliminate topology errors. 
Computational and communication capabilities Computational and communication capabilities 
at the substation can be exploited for this at the substation can be exploited for this 
purpose.purpose.
Measurements which would otherwise be Measurements which would otherwise be 
discarded, could be used if processing were discarded, could be used if processing were 
done at the substation.done at the substation.
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Project ObjectivesProject Objectives
Make use of all available measurements at Make use of all available measurements at 
the substation.the substation.
Take advantage of CPU at the substation to Take advantage of CPU at the substation to 
improve EMS functions at the control center.improve EMS functions at the control center.
Specifically, develop ways of detecting and Specifically, develop ways of detecting and 
identifying substation breaker status errors, identifying substation breaker status errors, 
so that State Estimation results will be more so that State Estimation results will be more 
reliable and accurate.reliable and accurate.
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Effect of Breaker Status ErrorsEffect of Breaker Status Errors
on State Estimation on State Estimation 
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Types of Topology ErrorsTypes of Topology Errors
Bus ReconfigurationBus Reconfiguration
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Types of Topology Errors
Bus Split / Merger
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Types of Topology Errors
Branch In/(Out of) Service
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Proposed TwoProposed Two--Stage ApproachStage Approach

Stage1: Identify the suspected buses by Stage1: Identify the suspected buses by 
normalized residuals of measurementsnormalized residuals of measurements

Stage2: Introduce detailed models of Stage2: Introduce detailed models of 
suspected substations. Repeat the SE suspected substations. Repeat the SE 
process using the expanded system process using the expanded system 
model.model.



1111

TwoTwo--stage State Estimatorstage State Estimator
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Estimation of Breaker StatusEstimation of Breaker Status
Estimation procedure:Estimation procedure:

Identification of error location (substation).Identification of error location (substation).
Use of measurement residualsUse of measurement residuals

Insert detailed substation model into SE.Insert detailed substation model into SE.
Model the substation using breaker / tie switch Model the substation using breaker / tie switch 

models and all internal measurementsmodels and all internal measurements

Estimate the status for all breakers.Estimate the status for all breakers.
Concur the most likely substation configuration Concur the most likely substation configuration 

based on the estimated status of breakers and based on the estimated status of breakers and 
report it to the control center.report it to the control center.
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Measurement EquationsMeasurement Equations

Where:Where:

zz is the measurement vectoris the measurement vector;;
h(.) is the measurement function;h(.) is the measurement function;
x is the state vector;x is the state vector;
f is the vector of breaker flows;f is the vector of breaker flows;
e is the measurement noise vector.e is the measurement noise vector.

efxhz += ),(
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Integrating Breakers into the Integrating Breakers into the 
Measurement EquationsMeasurement Equations

efMxHz +⋅+Δ⋅=Δ
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State EstimatorState Estimator
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CB Status EstimatorCB Status Estimator
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Example: IEEE 30 Bus SystemExample: IEEE 30 Bus System
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Estimated State of Circuit Estimated State of Circuit 
Breaker Breaker 

Circuit Breaker Normalized P Flow Normalized Q Flow Estimated Status

15-32 -85.51 -23.39 Closed

15-33 7.63 -0.36 Closed

15-34 0.00 0.00 Open

15-35 0.00 0.00 Open

31-32 0.00 0.00 Open

31-33 0.00 0.02 Open

31-34 4.36 -7.38 Closed

31-35 -4.36 7.39 Closed
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Weakness of the method:Weakness of the method:
How to identify the suspect How to identify the suspect 

substations?substations?
Use of Normalized residuals:Use of Normalized residuals:

Suspect substation measurements may not Suspect substation measurements may not 
have the largest normalized residuals.have the largest normalized residuals.
Including too many substations in the suspect Including too many substations in the suspect 
list may degrade the second stage state list may degrade the second stage state 
estimator performance due to increased estimator performance due to increased 
complexity of the system model.complexity of the system model.
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Alternative Method:Alternative Method:
Use of Reduced ModelUse of Reduced Model

exxhz CBI += ),(
( ) 0, =CBI xxc

0=CBx

t
I px ],[ 21θ=

t
CB ppx ],,,,[ 2412142313 θθθ=
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Steps of Topology Error Steps of Topology Error 
Identification ProcedureIdentification Procedure

Step 1. Topology ProcessingStep 1. Topology Processing
First a proper tree is selected for each substation. Based oFirst a proper tree is selected for each substation. Based on the tree, n the tree, 
the state variables are categorized into two groups:the state variables are categorized into two groups:

XXII and Xand XCBCB

Step 2. State EstimationStep 2. State Estimation
Essentially identical to traditional state estimation carrieEssentially identical to traditional state estimation carried out by d out by 
existing methods. existing methods. 
Obtain both:Obtain both:

-- the measurement residual vector r the measurement residual vector r 
-- and the Lagrange multiplier vector of zero injectionsand the Lagrange multiplier vector of zero injections

Ix
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Steps of Topology Error Steps of Topology Error 
Identification ProcedureIdentification Procedure

Step 3. Compute the normalized residuals for Step 3. Compute the normalized residuals for 
the measurements and the normalized Lagrange the measurements and the normalized Lagrange 
multipliers for the circuit breaker variables.multipliers for the circuit breaker variables.

Step 4. Bad Data and Topology Error Step 4. Bad Data and Topology Error 
IdentificationIdentification

Check the largest normalized residual or Check the largest normalized residual or 
Lagrange multiplier.Lagrange multiplier.
If it is larger than the threshold, suspect the If it is larger than the threshold, suspect the 
corresponding measurement or the breaker to corresponding measurement or the breaker to 
be the source of error in estimation.be the source of error in estimation.
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Reduced Model FormulationReduced Model Formulation
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Then, can be solved as:

where:



2626

Simulated Topology and Simulated Topology and 
Measurement Errors Measurement Errors 
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Example: IEEE 30 Bus SystemExample: IEEE 30 Bus System
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Results of Error IdentificationResults of Error Identification
3030--Bus SystemBus System
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Results of Error IdentificationResults of Error Identification
5757--Bus SystemBus System
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Critical Breaker PairsCritical Breaker Pairs

Either one of breakers
2-3 and 2-4 can disconnect
the line incident to bus 4.

Hence, status errors in these
Breakers can be DETECTED
but can NOT be IDENTIFIED.
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CONCLUSIONSCONCLUSIONS
Measurements can be processed at the Measurements can be processed at the 
substation in order to assist breaker error substation in order to assist breaker error 
detection and identification.detection and identification.
State estimation results can be improved by State estimation results can be improved by 
proper identification of topology errors.proper identification of topology errors.
TwoTwo--stage approach works well as long as the stage approach works well as long as the 
suspect substation is properly identified.suspect substation is properly identified.
Reduced order SE allows topology error Reduced order SE allows topology error 
identification without the need to identify identification without the need to identify 
suspect substations. Implementation may be  suspect substations. Implementation may be  
more involved.more involved.
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