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Topics

PMU impacts on EMS control centers
State Estimator with PMUs Joint-funding project

Online State Estimator using PMUs at TVA

New Paradigm of measurement-based analysis

Advanced Visualization Framework for PMUs
Overview & Demo of eterra-Vision

AREVA PMU – Harmeet Kang

PMU integration with PhasorPoint (Psymetrix) 
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The Control Center Landscape is Changing

The rapid growth of PMUs creates a new 
evolutionary grid operations paradigm

The big question is:
How will this benefit  power system operations?



4 4Giri, NASPI, Bellevue June 11th, 2008AREVA T&D Proprietary

Power System Operations…

Load and system conditions change continuously…
Quasi-steady state conditions for majority of the time

Occasionally goes into dynamically changing conditions

Control center operators objective is: 
“Ensure that the lights stay on all the time!”

Prevent Blackouts!

Create defense plans to mitigate cascading
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EMS Benefits of “Phasor1” Data

EMS SCADA data

Refresh rate 2-5 seconds

Latency and skew

Relies on legacy ‘older’ communication 
technology

Responds to system static behavior

Freq change means: 
Generation/Load imbalance

Phasor data

Refresh rate 30 samples/sec

Time tagged data

Compatible with modern 
communication technology

Responds to system dynamic 
behavior

Angle-pair change means: 
MW change; ‘electrical distance 
change’

1“Phasor” is in quotes to suggest that we are not talking strictly about 
phasors, but about high speed, accurately time-tagged ‘synchronous’data in 
general.
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Asynchronous, 
Uncorrelated, 

Telemetry view

Asynchronous, 
Uncorrelated, 

Telemetry view

EMS Views of the Grid 

SCADA

System-wide, correlated
Existing system-wide 

view

System-wide, correlated
Existing system-wide 

view

Generation, Ties
Energy Balance 

(Freq)  view

Generation, Ties
Energy Balance 

(Freq)  view

What is coming up next
Future system-wide view

AGC

SE & CA

DSS
DTS

PMU 
Data

PMU 
Data



7 7Giri, NASPI, Bellevue June 11th, 2008AREVA T&D Proprietary

SE’s Role in Power System Operations
State Estimation has become a critical, ‘must-run successfully’
control center function.

State
Estimation

PMU PMUPMU
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Security
Enhancement
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Security
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Market
revenue

sensitivities

Optimal
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SCADA

Network
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ICCP &
Other

Simultaneous
Feasibility

Test



8 8Giri, NASPI, Bellevue June 11th, 2008AREVA T&D Proprietary

Existing SE Software

PMU data is automatically used (whenever available) 
as input data for the SE solution algorithm:

Voltage phasor data 

Current phasor data
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Early SE benefits realized

SE quickly identified bad measurement data at the TVA 
PDC:

Some values were off by sq. root of 3, some scaling issues; 
some were off by 120 degrees…

PMU data accuracy class was less than we had hoped.

With just relatively few PMU data (compared to 
thousands of SCADA data), only local benefits were 
realized.

Substation topology telemetry errors/anomalies were 
identified (big help for the SE analyst!)

Emphasized the need for enhanced metrics to evaluate & 
monitor SE solution performance
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State Estimator Joint Funding Project

Objectives
Implement a parallel online SE in TVA control center

Simulate growth of PMUs and perform case studies on 
Entergy database to evaluate benefits

Implement advanced SE metrics to facilitate comprehensive 
evaluation of SE performance
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SE JF project participants

Participants
TVA, Entergy, Manitoba Hydro, Idaho Power, PG&E, ORNL, 
NE University, First Energy, BPA 

Primary Utility Sponsors
TVA – Lisa Beard

Entergy – Floyd Galvan

Primary Technical Contributors
AREVA - Rene Rosales & Mark Rice

NE University – Prof. Ali Abur
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Parallel server configuration at TVA
PMUPMU

Super PDC
At TVA

Super PDC
At TVA

PMUPMU

ISD LINK

Parallel Online
State Estimation with PMUs

Parallel Online
State Estimation with PMUs

Online
State Estimation

Online
State Estimation

PMU Metrics

PMU  ICCPPMU  ICCP

ISD LINK

SCADA ICCPSCADA ICCPICCP LINK
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PMU and SCADA Data Statistics
at TVA SE

18 PMU angle measurements

17000 (approx) SCADA measurements; include:
KV, P, Q (flows & injections)
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PMU SE results @TVA

New Metric:
“Variance of State” Norm
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Selected metrics for improvement 
one month analysis

April/1-April/30
Variance of the state (Min, Max, Norm)

Number of critical measurements

Number of valid solutions

Time to solve SE (factorization)

Injection errors (negative loads and generation)
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Expected improvement over time
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Valid SE solutions
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Monthly table
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Comparing Raw PMU with SE results @ BPA
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Next Steps

Next phase of this joint-funding project is being 
discussed 

Primary focus being identifying potential benefits to 
system operations & grid reliability for a projected larger 
number of deployed PMUs
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e-terravision

Advanced Visualization Framework
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Control Center Decision Support System

Visualization
Simulation

Energy Management System

Market Management System

Visualization
Simulation

Energy Management System

Market Management System

A suite of tools for control centers addressing Situation Awareness:
» Wide area visualization and diagnostics
» Mitigate operational risks
» On-demand look-ahead analysis
» Coordination of control center resources

Key Characteristics:
» Independent of EMS vendors – Use CIM for network model update
» Information is refreshed in real-time
» Designed for minimal cost of maintenance: database, displays, training
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Situation Awareness (SA) in an EMS

Perception

Which 
Information 
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What 
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Mean to
Me?

Projection

What 
Do I Think

Will 
Happen?

• System frequency
• Voltage level
• Direction of flow
• Current temperature

• Violation of limit
• Frequency 

violation
• Organization 

with limiting
element

• Projected 
impact on 
system of
losing element

• Projected limit 
violations
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SCADA EMS

e-terravision: detect changes
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Drill-Down Analysis

Focus on a problem in a specific area

Get data from multiple sources

Minimize navigation / clicks

Never lose context 
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e-terravision Features
Key Features of e-terravision
1. Dynamic Overviews

2. Designed for Operators

3. High Performance Graphics

4. Real-time Decision Support

5. Graphical Authoring

6. Network Security Analysis

7. High Availability

8. Low Cost of Ownership

9. Collaborate with neighbors

10.Evolution towards Intelligent Decision Support
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e-terravision Capabilities

Technology: Designed with the latest Microsoft VISTA 
technology – advanced graphics and full utilization of 
graphic cards.

Situation Awareness: the sole purpose is to enhance SA 
in the control room. 

Developed with a group of operators and a SA consultant 

High Availability: Redundant 24x7 real-time system for 
control room environment. 
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MONITORING THE GRID

Voltage Contours 
only shows when 

limits are exceeded

Graphical Queries 
(simply select the node 
on the screen) on EMS 
real-time database (SE 

results)

Flyout of EMS one-line 
diagram

For control action

Power flow animation
Only shows when 

reaching a % of limit
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e-terravision demo

Integrated with PMUs & 

PhasorPoint - Oscillation Stability Monitoring

At vendor demo booth
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AREVA P847 PMU

Harmeet Kang, Stafford, UK
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P847 PMU device basics

GPS
Receiver

Microprocessors

Oscillator

A/D

Analog

Digital

IEEE C 37 .118 Data
Electrical 

signal

Digitised
Samples

Data Frame over 
Serial or Ethernet 

(TCP /UDP )
P847 PMU

Anti Aliasing
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P847 Information
Analog Channels

Va, Vb ,Vc

Ia , Ib ,Ic

V1, V2,V0

I1 , I2 , I0
Frequency

Rate of Change of Frequency

Digital Channels
Selectable – Any 8 status signals available in P847 
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P847 PMU features
Protocols

Ethernet (TCP / UDP)

Supported Reporting Rates:
10, 25 or 50 frames per second @ 50Hz nominal

12, 15, 20, 30 or 60 frames per second @ 60 Hz nominal

Phasor Total Vector Error (TVE) < 1% for steady state 
conditions, over frequency range fnom ±5Hz & magnitude 
range 10% to 120%
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P847 PMU – Total Vector Error (TVE)
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MiCOM P847 Main Functionality

Multifunctional

Breaker Fail
Re-trip & Backtrip

Phasor Measurement
FunctionPredictive Stability 

Function

Voltage, Current &
Freq. Protection

Thermal Overload

Local/Remote
Control & Monitoring

Fault Location,
Events, RecordingProgrammable Logic,

I/O Marshalling
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MiCOM P594

MiCOM P594 is the universal time 
synchronising unit for the substation

Accurate for PMU applications

Accurate for GPS line differential

Accurate for NCIT merging units

Accurate for all other purposes

Modulated IRIG-B

Un-modulated IRIG-B

4 x 1 PPS fibre outputs to synchronise 
P54x relays 

P594 Status, Static Output Relays

Visual time reference on LCD

One Device Synchronises All – One Single Investment
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Synchronising Pulse for P54x Current Differential 
and P847 Phasor Measurement Unit

Time

Output 
Site 1

Light ON

Light OFF

Time

Light ON

Light OFF

200ms
+/- 1ms

<100 ns

Leading edge is
timing point

Output 
Site 2

Best in Class Accuracy: for Differential, NCIT and PMU
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P847 PMU System Integration

Psymterix
PhasorPoint®
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PsymetrixPsymetrix--AREVA PartnershipAREVA Partnership
Joint Marketing 
Arrangement allows 
both companies to offer 
integrated solutions

EMS integration
Oscillatory Stability and other 
applications

Psymetrix PDC family

Applications using combined 
SCADA and PMU data
(e.g. Oscillatory Source Location)

Deployment in process 
in South Africa

A
A

S

PDC

OS
AF
TM

TBA

RTV

OLV

SW
C

e-terravision

Micom P847

PhasorPoint
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PhasorPoint  OverviewPhasorPoint  Overview
PhasorPoint

Wide Area Measurement Systems (WAMS) Software

PhasorPoint
Phasor Data Concentrator (PDC) Solution Family

Angle and Frequency Monitoring

Transient Monitoring

Oscillatory Stability Management

PhasorPoint
W

AM
S A

pplication S
oftw

are
(R

eal-tim
e and O

ff-line)

System stress indication
Blackstart and islanding recovery

Real-time disturbance indication
Post event analysis
Pole slip detection

Improved power system security
Increased secure power flows
Damping controller performance enhancement

New (TBA) Flexible, expandable systems

Psymetrix Consulting Resolving power system issues
Ensuring ROI from StormMinder solutions
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PMU’s

SCADA & PMU combined application exampleSCADA & PMU combined application example
Oscillation Source LocationOscillation Source Location

High Speed Monitoring

SCADA

Low Density

Medium Density

Oscillation Characterisation

Candidate Area Determination

Off-line monitoring

Source Location Refinement

High Density
EMS Integration

Source Location Refinement

Operator Guidance
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Example: Security Management Example: Security Management -- AustraliaAustralia
Blackout avoided, Australia, 10 April, 2004

Instability occurred suddenly on the Australian network in a normally well-damped 
mode

Psymetrix PDM system generated an alarm within 90 seconds of the onset

The alarm gave control operators key information on the nature of the problem, so 
they could take prompt action

The alarm was observed on oscillation damping, not amplitude, because oscillations 
were large (300MW) close to the source, but small at the point of measurement

System splitting and blackout was avoided
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Example: Damping Control  Example: Damping Control  -- Manitoba (1) Manitoba (1) 
Damping Controller Commissioning & Tuning

Non-invasive, on-line, continuous assessment 

Immediate direct feedback of tuning changes

Simplifies co-ordinated tuning of damping devices

Local or remote monitoring of device impact on system

Data by kind permission of Manitoba Hydro

Stabilizer transition from ON->OFF
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Example: Damping Control  Example: Damping Control  -- Manitoba (2)Manitoba (2)

0.45Hz Mode PSS OFF
Decay Time 20s, Damping Ratio 0.9%

PSS ON
Decay Time <2.5s
Damping Ratio >7%

PSS ON
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Example: Damping Control  Example: Damping Control  -- Manitoba (3)Manitoba (3)

0.75Hz Mode PSS OFF
Decay Time 7.5s, Damping Ratio 1.4%

PSS ON
Decay Time <2s
Damping Ratio >5.5%

PSS 
ON
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