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ABSTRACT The use of Micro PMUs, which provide high-resolution and time-synchronized measurements at the distribution level,
can greatly improve state estimation accuracy and enable rapid detection of network anomalies. However, their high capital cost
makes system-wide deployment impractical. This study proposes an optimized placement strategy that accounts for the limited
number of Micro PMUs while enhancing the accuracy of time-synchronized voltage phasor estimation across distribution networks.
The method combines Weighted Least Squares-based state estimation with a heuristic optimization algorithm to identify PMU
locations that minimize total vector error. Using detailed phasor data, the approach refines voltage estimates and determines the most
effective configuration of installations. Simulations on the IEEE 15-bus test feeder with renewable distributed resources demonstrate
that the proposed strategy achieves high estimation accuracy with minimal devices. By adopting phasor accuracy as the primary
placement criterion, the framework supports precise voltage correction under a unified time reference and offers scalability to diverse
network topologies and operating conditions, providing a foundation for efficient measurement equipment allocation and improved
distribution system performance.
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Nomenclature 0  :voltage phase angle, degree
. P : active power, MW
V : voltage magnitude, pu P
Q  :reactive power, Mvar
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11, 12 : random numbers uniformly distributed in 0~1
J(x) : wls cost function

W : weighting matrix

TVE : total vector error (%)

Subscript
uPMU  :micro phasor measurement unit
SCADA : supervisory control and data acquisition
OPP : optimal PMU placement
PSO : particle swarm optimization
VRE : variable renewable energy

OpenDSS : open distribution system simulator
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