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O Electrical utilities are vulnerable to natural
catastrophes and physical disturbances. Failure of sensors
or communication networks affects proper monitoring of 4
power system. ' h + t 4 +++

O Different state estimation algorithms need to be o

Investigated to determine best possible algorithms with
data loss in the presence of PMU data.

OState estimation algorithms are integrated with i
Remedial Action Scheme (RAS) and Google map to +
develop standards driven CIM and SensorWeb based

power system monitoring and control tool. ” el
O Development of real time test bed will allow
validation of developed algorithms for power system

-
monitoring, operation and control. Test bed can also be ‘t’, +4 +++ T ++
used to demonstrate fundamental concepts of power L+
system to students.
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Value of standard —
Type of Measurement deviation (o) in per unit. Original Data
Set
\oltage 0.01 / \
Real power injection 0.02

Revised Data Set with

Reactive power injection | 0.04 clustered data removed Revised Data Set with
scattered data removed

Real power line flow 0.02 l l
Reactive power line flow | 0.04 State I?s;cllmatlon Algorithms State Estimation Algorithms
(Weighted Least Square, (Weighted Least Square,
Voltage magnitude from | 0.0001 Leasjc Absolute. Value and Least Absolute Value and
Iteratively rewelghted least Iteratively reweighted least
PMU squatr)e v:/etlghteld I)east square weighted least
absolute value
\oltage angle from PMU | 0.006 absolute value)
Current magnitude from | 0.0001 l
Calculate Error Index of Calculate Error Index of
PMU States based on estimated States based on estimated
values values

Current angle from PMU | 0.006
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Measurement function ‘h’ for phasor

Y measurements
Convert to \ I

rectangular . _
co-ordinates h’ for combined

‘ measurements
Combined Measurement Measurement
| Jacobian for Jacobian for
Measurement classical SE phasor
Set measurements measurements

'

Jacobian for combined
measurements
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THREE WINDING TRANSFORMER EQUIVALENTS

e Six generators. kGO ROMOKE

12 0
$
H
6

e Four transformers.

e Forty one transmission lines.
e Twenty one loads.
e Three synchronous condensers

e PMU’s assumed to be present at
buses 1 and 27.

e Weighted Least Square (WLS)
algorithm is used to include
phasor measurements.

REUSENS

(© GENERATORS
& SYNCHRONOUS
CONDENSORS
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0.025 0.018 —o—Without PMU  —li—With PMU
' —&—Without PMU =fli=With PMU
0.016 -2
0.02 0.014
——
0.012 x
O— 0 3
0.015 3 0.01 2
5 ' S
= 0.008 &
0.01
0.006
0.005 0.004
0.002
0 0
225 200 185 167 140 125 225 200 185 167 140 125
% Redundancy %Redundancy
% Redundancy Vs Error Index for bus voltages % Redundancy Vs Error Index for bus angles
L1 norm for voltages = X | Ve - V estimated | Error Index = L1norm/30
L1 norm for angles = X [8;cya1 - destimatedl % Redundancy = (No. of measurements / No. of states)*100
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0.018 —— Without PMU  —fli—With PMU 0.018 el e A

0.016 0.016

0.014 —— O
0.012 — — 0.012

0.01 % 0.01 )

o k=

0.008 = 0.008 5

0.006 ] 0.006 3
0.004 0.004
0.002 0.002
0 0

225 200 185 167 140 125 225 200 185 167 140 125
% Redundancy % Redundancy
% Redundancy Vs Error Index for bus voltages % Redundancy Vs Error Index for bus angles
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Validating stability
and protection
algorithms

Performance
comparison of
PMU’s

Distributed State
Estimation

|||||

Wide area
monitoring using
SensorWeb
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Station | Phasor | Magnitude
STATION A | Phd 21957038
STATION & HWBLPM 18299173
STATIOM & WCLPM 19116681
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Synchrowave Console | Lo QU F GRS

Sitation: | Phasar | Degrees. | Roll Count
STATION & WALPM 7225 i]
STATION & EYBLPM 3803 0
STATION & EYCLPM 17410 0
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Station | Element |.Va|ue
STATIOM & B Frequency B0.000
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Station | blias | bl agnitude | Angle |
STATIOM A WaLPR 21953078 48 96

STATIOM A MVELPH 183013.08 -E5.28
STATIOM A WVCLPM 191188.14 150.80
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The estimated data are

Sensor data from Utility A | S
' converted into CIM/XML

Sensor data from Utility B e

Network
Management LN
N\

State Estimator estimates
states and measurements

e

Sensor Measurements —

Spatial Database

Contingency -

Analysis and

RAS

' Sensor Observation Service
(SOS)

Sensor Web
Client

Address
Contingencies

~

Display appropriate
actions based on pre-
determined rules

Spatio-temporal

subsetting and filtering of
measurements

messages L

Resolve heterogeneities
in syntactic and structural
representations of the
data models

Real time, on
demand
processing of data
requests from
multiple sensors /
utilities over the
Internet via OGC
web services
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» The performance of state estimation with loss of clustered and scattered data
was observed with and without PMUSs.

* A test bed has been developed using RSCAD and SEL equipments.

* PMU response to disturbance in simulated power system in real time was
observed in SEL SynchroWave console using developed test bed.

e Future work

*Additional PMU in the test bed to obtain data for multiple test cases in
RSCAD

 To perform testing and validation in real time for other developed
algorithms at PERL using developed test bed
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