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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 1n 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 Assumption

HMS Site Workstation

MS

Date: Fri, Nov 3, 1995 Last Measurement: 08:30:00
Time: 07:17:37 Next Measurement: 07 :30:00
Display:Fundamental
GILBOA LN35
At 1.041kA ,
EDIC LN4O A: 1 193kA B: 1.150kA é: %gg%tﬁ
- C: 1.054kA ©ode
R: 1.234kA ;
SEREEY C: 1.232kA COOPERS CORNER LN33
A 0.254kA | A:007 .OOKV A: 0.051kA
B: 0.254KA Hf B:206.90kV B: 0.049kA
C: 0.253kA C:207.28kV C: 0.040kA
250 MVA XFMR
| CAP BANK -
= oA : —
q] OAKDALE LN32
7z A: 0.05BkKA A 1.147kA
cap ane L AT 0.254KA B: 0.056kA B: 1.256kA
1A B: 0.252kA C: 0.057kA C: 1.151kA
i C: 0.054kA
SVC u
FRASER Substation

Vsl.0

Program: HMS l Form Name: FRASER
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Weighted Least Squares Estimation

PSERC

L. . ~H. .~
Mmmize: r Wr

Subject to: r =z-hx)

Where:
\%% Weighting matrix,
y/ Measurement vector

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

Imbalance Bias

z=z, +Az
x=x,+(H' WH)" H' WAz
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Validity of Power System Symmetry Assumption
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Weighted Least Squares Estimation

PSERC

.. . ~H. .~
Mmmize: r Wr

Subject to: r =z-hx)

Where:
\%W% Weighting matrix,
y/ Measurement vector

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

Asymmetry Bias
z = h(x)+ Ah(x)

x=(x,+(H'"WH) 'H'Whz)(AH"WH)™ (1 +2(AH"WH)Y(H'WH)™ )™ (AH"WH)
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- Investigation of SE Biases

Via Numerical Experiments

PSERC
Approach: Systems of Variable Size

x X x x X X X X x o K

SOURCE BUS001 BUS002 BUS003 BUS004 BUS005 BUS006 BUS007 BUS008 IBUSM 0

a* x gl g X g x x x
ASOURCE (gJABUSOM %BUSOOZ @§JABUSOO3 C‘%BUSOO4 %BUSOOS @S\JABUSOOES %BUSOO7 EABUSOOB

x x x X x x
@{BSOURCE BBUSO001 BBUS002 BBUS003 BBUS004 (gJEBUSOOS E$BUSOOB

@%SOUF\% gJQBUSOEXi %BUSO%XZ @%BUSO% ECBUSOM

st oo Tpeusons
Observations:
System Imbalance Stabilizes
Phase with Max Voltage: Random
Effects on Mega RTO SE: Unknown
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Unbiased State Estimation

Three Phase Measurements
Asymmetric Three Phase Model

Synchronized Measurements

L ***¥Direct Solution®**
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HMS Host System

SE Using Synchronized Three Phase Measurements
Asymmetric Power System Model New York Power

COOPERSC
Coopers Corner

Receiver Serial
B Communication
Vv &-ADH Micro Port=
= processor

Authority

GPS Antena

PMU Block Diagram Phasor data
GPS (time stamped)

4

g Computer g Computer d Computer
PMU | | PMU | | PMU | |
[ Bl = IL_El = I B ==

|
—

Harmonics Data
Concentrator
(Located in Atlanta)

—_— —
To Control Center ADD Bulletin GIC Data
Board System Concentratol

Located at NYPP
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SE with Synchronized Measurements

Minimize: THWr
Subject to: T=7-HX

Min: rrea] I Wrreal + rimag ! Wrimag
S.t.  Treal = Zreal - ( Hreal Xreal - Himag Ximag )
imag = Zimag - ( Hreal Ximag * Himag Xreal )

A B x real | _ _H Z;al Wz real + Hizl;wg WZimag _
-B 4 H wz. —-H! Wz

real imag imag real

ximag

*¥*Direct Solution™®**
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Performance Evaluation

of State Estimation
Chi-Square Test

Step 1: Compute the state estimate X
Step 2: Evaluate the function J™ = FHWT =2
Step 3: Compute p = 1.0 - P(a, m-n),
where
P(a,u) = Probability that J<a,
u is the degree of freedom
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Synchronized Measurement Based SE
Numerical Experiments

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

Bus 1 Bus 2
ARAL; VAt (7
a < i)~ 1,1 < -
™) &)
% vilt) vs(t) %
i,(t) > (1)
™) @)
() VD) vel(t) (7
c & i(t)—» (1) e ¢
&) &)

g Voltage Waveform Measurement

@ Current Waveform Measurement
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Example Results

cstimation Keport by Device I Return |LFS |Update
0.5725kA 433.812kV 433.676kV 0.6097kA
-170.75 D -176.64 D 178.76 D -16.22 D
> MASENA765 A MARC Y765 A <
0574744 4364006V 425.960¢V 0.64414A
162.95 D 175.94 [ 178.08 D 2217 D
Measured Voltage
0.6162kA A440.351kV Estimated Voltage | 435.009kv 0.6200kA
65.63 D 61.46 D 58.09 D ~142.45 D
> MASENAZ6S_ F MARC Y765 B O<
0.6066¢4 4378.9664V 430.260¢V 0.667 %A
7357 D 62.47 0 56.91 0 14811 0
0.5886kA 438.701kV 408.841kV 0.5633kA
-55.76 D -57.01D -61.93 D 97.07 D
> WMASENA765_ & MARC Y765 ¢ <
0.581 %A 433.643%V 428,727k 0.6074%A
~48.45 1 -56.61 0 Measured Current 62,62 D 91.08 D
Estimated Current
B> MASENAZES NV MARC Y765 NV <
0.014264 0.000¢V 0.000FV 0.0172¢4
44.12 D 0.00 0.00 D 177.20 D
Harmonic Urder Selection: 1
Line Selection: ——————- MSU (MASENA UTICA) 3 PHASE 765KV TRANSMIS
Compute left guantities Compute right quantities
Program: HMS  Vs1.0 Form Name: EREP_005 Print ALt P ]| Seve [ALL G
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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 Model, 100.00
Three Phase Measurements
Three Phase Symmetric Model, 13.02
Three Phase Measurements

Three Phase Asymmetric Model, 0.0
Single Phase (A) Measurements
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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: Unknown
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