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Abstract 
 

The integration of RTU and Phasor Measurement Unit (PMU) measurements poses significant challenges in 

achieving accurate and numerically stable SE results. The major challenges are lesser accuracy of SE, larger 

execution time of SE process and numerical instability. Addressing low SE accuracy is crucial for ensuring 

the reliable and efficient operation of a power system. A prolonged execution time of State Estimation (SE) 

can hinder timely decision-making and real-time responsiveness, potentially leading to operational delays 

and an increased risk of grid instabilities. The numerical instability of State Estimation (SE) can lead to 

unreliable and fluctuating state estimates, potentially compromising the accuracy and effectiveness of power 

system operations and control. Hence, it requires special attention while designing phasor assisted state 

estimator. 

Various aspects to develop state estimator with these consideration have been explored earlier. It includes 

Hybrid SE Algorithms, Iterative Convergence Strategies, Parallel Processing and High-Performance 

Computing, Topology Adaptability etc. 

This research aims to explore various mathematical formulation of PASE and various aspects like 

performance of PASE in terms of accuracy, numerical stability, computational efficiency etc. While certain 

aspects have been previously examined, a thorough investigation into them is still lacking. While prior 

studies have discussed Phasor Assisted State Estimation (PASE), a comparison between two-stage PASE 

utilizing polar and rectangular coordinates of phasor measurements remains unexplored in the literature. 

This research implements two-stage PASE with polar and rectangular coordinates of voltage and current 

measurements and compare accuracy of SE in terms of mean square error. The another issue which has been 

focused in this research work is about numerical stability of SE. Numerical stability issue due to inclusion of 

power injection measurements, zero injection bus measurements, current measurements of PMUs, etc. have 
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also been addressed. Use of orthogonal transformation method to solve numerically ill-conditioned gain 

matrix in two-stage PASE has been implemented.    

The thesis proposes various approaches for merging of RTU measurements with phasor measurements to 

implement PASE in distributed area. The performance of all the SE approaches in distributed area is 

compared with PASE in integrated area in terms of mean square error and execution time. The research 

work also compares performance of PASE in distributed area with non-overlapping area decomposition and 

border bus overlapping area decomposition. In the implementation of Phasor Assisted State Estimation 

(PASE) in distributed areas, a hurdle arises due to the difficulty in effectively integrating current 

measurements from PMUs at the boundary buses of adjacent areas into the SE process. As a solution, 

Global merging of phasor measurements with conventional SE in non-overlapping distributed area has been 

implemented.   

As mentioned above, accuracy, numerical stability and computational efficiency are the most desirable 

features of SE. Linear SE is a highly effective method for estimating the states of a power system under 

normal operating conditions which gives the mentioned features. With this context, the thesis presents an 

area modification approach by extending the boundary based on PMU observability. The effectiveness of 

the approach is also evaluated to justify its superior performance over other approaches in terms of mean 

square error and execution time. 

This PhD Thesis would be useful for understanding the Power System State Estimation with gradual 

incremental installation of PMU in power system network. 
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