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Introduction

Substations are rapidly’ acquiring advancead
computationalfand communication capabilities.

EMS functions dornot model substations ini detail
due; to) the, complexity, of the model.

Certain measurements that are available at the
supstation can not be used! by the central EMS
fiunctions.

Such measurements can be; rieadily: processed: at:
the substation: toraid tepology: error detection.



Motivation

Tihere; are; no well established andlcommoniy.
Implemented metheds te detect, Identiiy and
eliminate topolegy: erlors.

Computational and communication capabilities
at the substations can' be exploited for this
PUFPOSE.

Measurements which woeuld otherwise e
discarded, coulalbe used Ii precessing Were
done at the substation.




Project Objectives

Make use: of all' available measurements at
the substation.

Tiake advantage off CPUat the substation to
Improve EMS ftinctions at the contrel center.

Specifically, develep ways of detecting) and
identiying substations breaker statls errors;
50 that State Estimationrresuits will' be more
ieliable; and acclrate.



Effect of Breaker Status Errors
on State Estimation
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Tvpes of Topolegy: Errors

BUs Reconfiguration
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Tvpes of Topolegy: Errors
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Types of Tlopology: Erers
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Proposed Twoe-Stage Approach

Stagel: Identify, the suspected! Buses by,
nermalized residuals off measurements

Stage2: Introduce detailed models;of
suspected substations. Repeat: the SE
PIOCEsS Using the expanded system
model.
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Estimation of Breaker Status

Estimation procedures

o Identifications of error location (substation).
Use of measurement residuals

e Insert detai

Model the su
models ana

ed substation model into; SE.
pstation using| breaker: /[ tie switch

all internal measurements

e Estimate the status for all breakers.

Concur the most likely: substation configuration
based on the estimated status of breakers and
rieport It to the control center.
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Measurement Equations

z=h(x, f)+e

Where:

ZIS the measurement vector:;
RIS the measurement flnction;
X IS/ the state vector:;

I IS the, vector off breaker flows;

€ (S| the measurement noise Vector.
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Model Used in Stage II:
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Integrating Breakers inte the
Measurement Equations

AZ=H -AX+M . f +e

If the measurement i is an injection:
1 If the Iinjection is at the to - end of the breaker |

M. =4—1 If theinjection is at the from - end of the breaker j

J
0  otherwise
If the measurement 1 is a power flow:

-1 If the flow is at the to - end of the breaker |
M. =< 1 If the flow is at the from - end of the breaker |
0  otherwise

ij
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State Estimator
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CB Status Estimator
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Example: IEEE 30/ Bus System
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Supstation Configuration of Bus

[ ] Closed
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Estimated! State of Circuit
Breaker

Circuit Breaker Normalized P Flow Normalized Q Flow Estimated Status
15-32 -85.51 -23.39 Closed
15-33 7.65 -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



Weakness of the method:
[How! to identify: the suspect
Substations?

Use of Nermalized residuals:

=l SUSPECt substation measurements may noet
nave the largest normalized residuals:

s Including teo many: substations, ini the suspect
list may. degrade the second stadge state
estimator: performance due to Increased
complexity. of the system moedel:
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Alternative Method:
Use of Reduced Model

C(XI’XCB):O
Xeg = 0

X = [‘91’ pz]t

Xeg = [913"923"914’ P12 p24]t




Steps of Topology: Error
Identification Procedure

Step 1. Tepolegy Processing
First a proper tree is selected for each substation, Basedi on the tree,
the state variables are categorized! into tWe greups:

X; and Xz

Step 2. State Estimation
Essentially identical te traditional state estimation| carried eut by
existing methoeds.
Obtain both
- the measurement residuall vector r
- and the' Lagrange multiplier vector of zero) Injections
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Steps of Topology: Error

Identification’ Procedure

Step) 3. Compute the nermalized residuals for
the measurements and the normalized -agrange
multipliers for the, circuit breaker variables:

Step 4. Badl Data andl Tiepology: Error
Identification

Check therlargest normalized residualior
Lagrange multiplier.
IFIt 1S larger than' the threshoeld, suspect the

corresponding measurement or the breaker to
be the source of error in estimation.
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Reduced Modell Formulation

Form the Lagrangian:

Optimality conditions: State Variables Used

Note that is zero !

Then, can be solved as:

where:
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Simulated Topology: and
Measurement Errors

Wrong status CB & Outaged Line/ Meas.

Test System
Test A Test B
14-bus Line 5-6
30-bus Line 10-22

57-bus Line 4-6
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Example: IEEE 30/ Bus System
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Results of Error Identification
30-Bus System

Test A Test B

Measurement/ Normalized Measurement/ Normalized
Topology residual / AN Topology residual / AN

212.30 97.18

199.09 38.37

160.95 38.12

157.04 28.00

157.04 22.59
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Results of Error Identification
S5/-BUs System

Test A Test B
Measurement/ Normalized Measurement/ Normalized
Topology residual / AN Topology residual / AN
371.63 96.40
371.63 39.08
282.65 37.87
212.03 37.87
212.03 36.93
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Critical 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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CONCLUSIONS

Measurements cami be proecessed at the
Supstation IR’ order to assist breaker error
detection and identification.

State estimation: results; cani be Improved by
proper Identification; oi tepology: ertoers.

TIWoer-stage; approach works well asflongl as the
SUSPEct: substation Is; properly  identified.

Reduced order SE allows| topology: error
identification without the need to; identify
suspect substations. Implementation; may: be
more invelved.
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