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Present practice 

Control

Center

Measurements

are primarily

Pi, Q i, Pt, Q t, V ([z])

State is the vector

of positive sequence

voltages at all 

network buses ([E])

Measurements

are scanned

and are NOT

time synchronized 

Phasor measurement based state estimation offers

many advantages as will be seen later.

Power system state estimation



• The state vector x contains voltage magnitudes and phases at all 
busses (considered as unknown model parameters)

• m-dimensional measurement vector z is defined as follows: 

• h(x) is a non-linear relationship between the measured data and 
unknown parameters (e.g. see equation bellow)
– Real power injection at Bus i

– Real power flow from Bus i to Bus j
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State Estimation Solution
Non-linear problem!



• The WLS estimator will find the solution which minimizes the
following objective function:

• At the minimum, the first-order optimality condition will have to be
satisfied:
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State Estimation Solution
Non-linear problem!



• Expanding the g(x) into Taylor series around the estimated state
vector at the kth iteration, xk

where

• Using the Newton-Raphson method, the solution is given through an
iterative procedure, as follows
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Non-linear problem!



• Convergence is checked after each iteration

• If this condition is not satisfied

• The final estimate is found when the convergence criterion is satisfied
within the pre-defined maximum iteration number. Or, the state
equation is divergent, and the measurement set should be checked.
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State Estimation Solution
Non-linear problem!



Control

Center

Since the

currents and

voltages are

linearly related

to the state vector,

the estimator

equations are

linear, and no

iterations are

required.

[Z] = [A] [E] , and once again the weighted least

square solution is obtained with a constant

gain matrix.

Estimation with phasors

State Estimation Using SMT



For the phasor based state estimator, the matrix M is

given by

RA)ARAM = ( 1T11T ---

and the state estimate is given by E = Mz

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where II is a unit matrix whose rows corresponding to missing bus

voltages are removed, y is a diagonal matrix of diagonal matrix of

admittances, B is the branch-bus incident matrix, and ys is the

matrix of shunt admittances.

Formulation of the A matrix:

State Estimation Using SMT



Unlike the earlier state estimator, this

equation is LINEAR, and hence no

iterations are needed. As soon as the

measurements are obtained, the estimate is obtained

by matrix multiplication.

The matrix M which converts the measurements to the

state estimate is constant as long as the bus structure

does not change. It can be computed off-line, and stored

for real time use.

It is also possible to mix phasor measurements with traditional 

measurements to obtain a Hybrid estimator. 

Under certain conditions of measurement configuration,

the matrix M becomes real, simplifying the computations

EB = Mz


State Estimation Using SMT



• Flexible data acquisition platform

• Data storage, visualisation, applications

• PMU-based applications: Synchrohub

• Synchrohub encompasses multiple PMUs from different 

vendors, manages detailed information about the 

measurement chain and its uncertainties and exploits a 

unique communication infrastructure with OpenPDC as the 

underlying layer for data fusion

Data Acquisition Platform - Synchrohub



The modular design of the flexible platform makes 

it extendable with additional applications

VPN
Server

PDC
(OpenPDC)

Application
(Java EE7)

Visualization
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(PMU)

Router 
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Sensor 
(PMU)

Router 

3G/4G

LAN
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Router 
?

Data mining

Load 
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?

Synchrohub Architecture

Linear State Estimator



Several of the current capabilities are enumerated 

below, but are not limited to

– Data aggregation

– Data extraction with time alignment and bad data detection

– Automatic detection of network disturbances

– Real time visualization

– Network disturbance repository

– Estimation of dynamic load model parameters

– Linear State Estimation - LiSE

Synchrohub Capabilities



Synchrohub Extensions

Matlab generated data

External disturbances

(e.g. Comtrade files)

PMU data according to 

IEEE C37.118:

- Real PMUs

- RTDS virtual PMUs

RTDS – Real Time Digital Simulator



The whole infrastructure has been designed for 

enhanced security – at least three layers of 

security:

– Authentication

– Encryption

– Strict firewall rules

PDC
Virtual link

Authentication
Encryption

Wireless 
link

PMUs

VPN Server
Router

Synchrohub Security



 Manchester Real Time Digital Simulator 

(RTDS) is employed to demonstrate a Linear 

State Estimator - LiSE

 RTDS consists of 6 racks with 30 PB5 

processor card:

 GTSync card for synchronisation of the RTDS

 GTNet cards for high level communication (e.g. IEC 

61850, C37.118 and IEC 60870 protocols)

 GTWIF cards to connect to Admin PC

Manchester RTDS Lab



Hardware in the Loop Building Blocks

RTDS

S
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Admin PC 

to control simulation 
runs and visualise 
results 

Communication 

Infrastructure

RTDS to perform flexible HiL tests

Evaluating LiSE:

a) Speed

b) Accuracy

c) Robustness

IEEE C37.117



RTDS

IEEE 14 Bus 

Network

Synchrohub

LiSE

+

Visualisation

Virtual PMUs used to 

transmit the data to DC

Archived data exposed 

using a web service

SE executed and 

results displayed in 2s 

intervals

LiSE is a demonstration of an online linear state estimator. The 
example runs on an IEEE 14 bus network modelled using RTDS 
(minimum PMU number scenario – 4 devices). State is updated 
every 2 seconds.

Linear State Estimator - LiSE



LiSE – Map View

PMU PMU

PMU

PMU



• Power flow (PF) – voltage 
obtained by solving the power 
flow equations for base 
conditions

• Measurements (M) – PMU 
measured voltage phasors in  
selected buses

• State estimator (SE) – voltage 
estimated by LiSE

LiSE – Map View

PMU



LiSE – Results View



Buses

Branches

Shunt elements

LiSE – Data View



• Changing PDC connection parameters

• Building new network models and 
modifying the existing ones (not only 
limited to the 14 bus network 
anymore)

• Adding noise to the incoming 
measurements for testing purposes

LiSE – Data View



Video demonstration

LiSE – Demonstration



Future Plans

• To test the speed of the platform/LiSE

• To improve performance of the OpenPDC

• To test the functionality using larger networks, 
i.e. larger number of PMUs

• To more rigorously test the robustness of the 
LiSE

• Other…
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