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Abstract 

State estimators in electrical power systems are implemented based on measurements that 

are provided by the SCADA systems or more recently, by dynamic phasor measurement 

units. The shortages of traditional SCADA systems such as the asynchronicity, the lack of 

using measurements with high sampling rates and complexity make them ineffective in 

capturing the dynamic response of a power system. Enhancing the performance of the state 

estimation by adding more dedicated phasor measurement units is costly. For reducing the 

cost and complexity of delivering measurements, IEC 61850 part-9-2 has been proposed 

using technology of Ethernet network communication.  It uses a Process-Bus to link the 

equipment at switchyard and devices of protection and control at bay level. To enhance the 

phasor estimation and move from static to dynamic estimation, the high sampling rate of 

raw data provided by the Merging Unit as defined in IEC 61850 part-9-2 in combination 

with a Unscented Kalman filter as a dynamic estimator is proposed in the thesis. The major 

technical challenge that arises in applying Ethernet network communication is the impact 

of traffic performance on the estimated phasors and hence the substation protection and 

control reliability.  

This thesis work is to study the performance of proposed dynamic phasor estimator 

influenced by delay and/or loss of the Sampled Measured Value time critical messages 

over the Ethernet network communication. Detailed modelling of the Sampled Measured 

Value packet format and the IEC 61850 based digital communication are carried out using 

C programming language and TrueTime simulation tool is presented. To benefit from the 

raw Sampled Measured Values streamed with high sampling rate from Merging Units at 

substation process level, Unscented Kalman Filter Model-Based for dynamic phasor 

estimation is developed and proposed to be used at substation bay level in this thesis. To 

show how some protective relays can react to the proposed dynamic phasor estimation 

model under the IEC 61850-9-2 communication, an overcurrent protective relay is 

implemented based on the proposed dynamic phasor estimation and tested against different 

operation conditions of the IEC 61850 Process-Bus. 
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