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Actual Situation and Problems
Main differences:
Transmission Distribution
Redundancy High Low
Dominant measurements Real time Pseudo
Three phase system Balanced Unbalanced
No. of nodes Low-Medium High
Ratio R/X Low High

Solution:

- Forecasting Aided State Estimator
Kalman Filter Parameters:

® Initialy estimated state vector Xg

® Covariance matrix of initaial state estimates PO
® Process noise covariance matrix Qk




P e ¢ 4 o Process Model EESRC

i . el
- XI— and skills

L
-3 —2 -1 0 1 2 3 4 5 k
0,8
State transition of a single state variable

_ + 0,6r
Xi k41 = Fi Xk + ik —
X X o1 + W S 04

T . S 0,

i,k+1 ik+1 i,k ?j

) 0,2r
Wi,k ~ N(O’O-Qi,k)
0z 4

Gaussian distribution



o Process Model e

and skills

Process noise covariance matrix
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in Electric Distribution Networks

Real time measuremetns

-Convetional measuremetns

® Bus voltage magnitudes

® Active and reactive branch
power flows

® Active and reactive bus power
injections

® Branch current flows

® Bus current injections

-PMU measurements

® Bus volatage phasors
® Bus current phasors
® Branch current phasors

Pseudo measurements Virtual measurements

e Active and reactive ® Zero bus injections

power injections

Measurement model

Zyk :h(xk)+ek

e '“'N(O, Rk)
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1. | Parameter identification
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2. | Forcesting
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2. | Forecasting
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3. ‘ Filtering
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Fm& arch

Process Noise Covariance I\/Iatrlx

® One parameter based diagonal covariance matrix Q

Q(Q):loq In

® Two basic steps:

1. | estimation for assumed time-invariant parameter g value
2. | parameter identification based on cost function minimization

® Performance index

- Root mean square error
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New cost function based on ARMS (Average Root Mean Square)

Assumptions:

* if we define the cost function in the same form as the state estimation error, a good

correlation can be established between them,
e innovations of some types of measurements are in better correlation with state

estimation error then others

Cr(a)=C™° (a)=
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Flow Chart

Procedure for generating measurements

Result of action taken:

- network topology and parameters

- normalized daily load curves

- normalized daily DG curves

- accuracies of adopted measurements

- define number of time samples (2N )

- calculation of actual daily bus injections

- consecutive three-phase Shirmohammadi power flow calculations - x.
- calculation of standard deviation of measurements

rue
= Zimg k
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| Define number of Monte Carlo simulations Nz~ and set simulation counter to iy~ =0 |
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Sensitivity analysis

Initialization:

1.| ,,SSE start”
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Overall estimation error as function of parameter g on training
period for different initialization solutions and filtering methods
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Identification of process noise
covariance parameter
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Verification of identified value
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e More accurate state estimation
e Applicable to EKF and UKF

* Practical feasibility:
- requests only available data (observed and
predicted BPF measurements)
- can be applied to all DNs

- handles non-linear model
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Further queries

 Sudden changes

e ME systems (electricity, gas, heating) are non-
linear

e SE of ME systems is static
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