
WLS State Estimation Overview

• The network without DGs experienced voltage drop during peak hours (in the morning and evening).

• Integrating PV resulted in voltage rise around midday due to excess PV power generation been exported to the

grid. Such case revealed the need for PV power curtailment or ESUs installation to avoid voltage exceeding

the standard limits.

• Integrating ESUs acted as a demand shifter, the demand is shifted from high load periods to low load periods.

• Integrating PV and ESU reduced the voltage drop during peak hours. However, voltage rise occurred when the

ESUs were fully charged and PV generation was still higher than the demand.

Motivation:

There is increased penetration of customer-owned low carbon technology devices in modern power networks including

DGs like photovoltaics (PVs) and Energy Storage Units (ESUs). As a result, there is a change in the net demand profiles

of customers connected to these networks. Consequently, researchers and utility engineers now have particular interests

in understanding these new load profiles especially in the low voltage (LV) networks.

Contributions:

a. Integrating PVs and energy storage units in the statistical models of customer load profiles.

b. Implemented state estimation of a LV network with customers having hybrid rooftop PVs and ESUs.

c. Conducted comparative evaluation of the network performances under different scenarios of load profiles: with PVs

integrated but without ESUs, ESUs alone, and with hybrid systems (combination of PVs and ESUs).
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Gaussian Mixture Model

Gaussian mixture model is a superposition solution from

several Gaussian mixtures (GM). The probability density

function of GMM is (1).

Load Flow 

Calculation

Pseudo 

Measurements and Variances

T
ru

e
 

M
e
a

s
u

re
m

e
n

ts

𝑮𝑴𝑴𝒑𝒅𝒇 =

𝒊=𝟏

𝑰

𝝅𝒊. 𝑮𝒑𝒅𝒇 = 

𝒊=𝟏

𝑰

𝝅𝒊. 𝑮(𝝁𝒊, 𝝈𝒊
𝟐) (1)

Each cluster has a specific mean (𝜇), variance (𝜎) and

weight (𝜋) , called GMM parameters. Expectation-

Maximization (EM) algorithm was used to obtain GMM

parameters using log-likelihood optimization.

The WLS is formulated as an optimization problem aimed to

minimize the square of the measurement error 𝑒.

𝒛 = 𝒉 𝒙 + 𝒆 (3)
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Conclusion

𝑹𝒊𝒊 = 𝒅𝒊𝒂𝒈[𝝈𝟏
𝟐, 𝝈𝟐

𝟐, … 𝝈𝒏
𝟐] (4)

This problem is reformulated and solved using Newton

iterative technique.

WLS Algorithm

State Estimation 

V → (𝑎), 𝜃 → (𝑏)

where: 𝑧 = measurement vector, 𝑥 = state vector,
𝑅𝑖𝑖 = covariance matrix and 𝐹 is the cost function.
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