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Traditional State Estimation

Power System SE: Basic Assumptions
Positive Sequence Model
P, Q, V measurement set
Near-Simultaneous Measurements
Single Frequency

Implications:
Balanced Operation
Symmetric Power System
Biased SE
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Traditional State Estimation

Practical Implications and Observations:

. Iterative Algorithm

. Need to Fine-Tune Algorithm

. High Percentage of NonConvergence
. Uncertainty in Bad Data Detection

This Paper Poses the Question:

Is the present SE Approach
Scalable to Mega RTOs?
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Validity of Balanced Operation Assumptlon
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W Waeaghting matrix,
Z M easurement vector

X State vector
h(.) System model.
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SE: Effects of Imbalance

Imbalance Bias

2=27 +Az
X=X +(H"WH)™"H"WAz

Georgia Tech PES-WPM-2002 6



y || I
7-7 N
SZ :E‘ymax - ymin‘
- 2 ‘yl‘ - 9-6 AR
0.06 1 ___
S /// L 3
® 0.04 -
L
> s
3 i
S
> 0.02- Series Admittance Lg'-s" .
< Shunt Admittance N 58'-
0.0 | ‘ ‘ ‘ ‘ I
180 660 1140 1620 2100
Frequency (Hz)
Georgia Tech PES-WPM-2002 7

17-0"




Weighted Least Squares Estimation

Minimize: T WT
Subject to: r =z- h(x)

Where:

W Weighting matrix,
Z M easurement vector
State vector

X
h() System model.
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SE: Effects of Asymmetry

Asymmetry Bias

Z = Nh(X) + Ah(X)

x=(x +(H"WH)™"H"WAZz)(AH "WH )™
(I +2(AH "WH)(H "WH) ™) ™ (AH "WH)
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Investigation of SE Biases

via Numerical Experiments

Approach: Systems of Variable Size

@{SOURCE X X X X X X X X CSJBUSOOS;E EBUSM 0

BUS001 BUS002 BUS003 BUS004 BUS005 BUS006 BUS007 BUS008

Tohonrs Sood St Sowds modt i powsits s
ASOURCE BUS001 BUS002 BUS003 BUS004 BUS005 BUS006 BUS007 BUS008

X x x x x X
@{BSOURCE C‘%BUSOO'] BBUS002 @ggBBUSOOIS BBUS004 @ngBUSOOS EBBUSOOG

X x g x
@(CSOURCE ¢BUS001 (BUS002 (GBT@BUSOOIS ECBUSOO4

i Swst e Ohgervations:
System Imbalance Stabilizes
Phase with Max Voltage: Random
Effects on Mega RTO SE: Unknown
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Unbiased State Estimation

e Three Phase Measurements

 Asymmetric

hree Phase Model

* Synchronized Measurements

Georgia Tech

b ***Direct Solution***
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SE Using Synchronized Three Phase Measurements
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SE with Synchronized Measurements

Minimize: THWT
Subject to: T=Z-HX

Min: I’rea|TWFrea| + I’imagTWI’imag
St.  rrea = Zreal - (Hrea Xrea - Himag Ximag)
limag = Zimag - ( Hreal Ximag + Himag Xreal )

|: A B:| XreaJ — H;realvvzreal +Hi-|r-nagvvzimag
-B A Ximag _H:—ealvvzimag - Hi-[nagvvzreal 1

***Direct Solution***
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Chi-Square Test

Step 1: Compute the state estimate x*

Step 2:  Evaluate the function: J =1 "WF =a

Step3:  Compute: P=1-P(a,m-n)
where:
P(a,u) is the probability that J < a.
U is the degree of freedom.
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Numerical Experiments

(a) Three Phase Model/Three Phase Measurements
(b) Symmetric Model/Three Phase Measurements
(c) Three Phase Model/Single Phase Measurements

Bus 1

@)' Voltage Waveform Measurement

@ Current Waveform Measurement
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Example Results
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MASENAZE5 C MARCY765_C O<
0.581 %A 433644V 428,727k 0.60744A
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Detection of SE Bias
Numerical Experiments on the MSU-1 Line (765 kV)

Case Description Confidence Level
(Chi-Square Test)
Three Phase Asymmetric Modé, 100.00
Three Phase M easurements
Three Phase Symmetric Moddl, 13.02
Three Phase M easurements
Three Phase Asymmetric Modé, 0.0

Single Phase (A) Measurements
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Numerical Experiments

Three Phase Power Flow

. Type
Scenario 1: Phase A I\/feasurements
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Asymmetry Errors — Voltage Magnitude

Maximum Absolute Voltage Errors in p.u. for Various System
Sizes
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Asymmetry Errors — P Flow

Maximum Absolute Active Flow Errors in p.u. for Various
System Sizes
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Asymmetry Errors — Q Flow

Maximum Absolute Reactive Flow Errors in p.u. for Various
System Sizes
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Confidence Level vs size for single phase mesurements

System Size
; —e

10 15

Confidence Level

——0=0.02 —%—g=0.01 0=0.009 0=0.008 ——0=0.007
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Confidence Level vs size for 3 phase mesurements
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Summary and Conclusions

Present Implementation of State Estimators
» Biased Estimator

Synchronized Measurements
 Direct State Estimation

Synchronized Measurements + Multiphase Model
« Unbiased State Estimation

Scalability of SE to Mega RTOs

Insight Can Be Obtained with:

* High Fidelity Three Phase Power Flow Models, and
 Numerical Experiments
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