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ABSTRACT: Due to stochastic power injections of the
renewable energy, the processing of state estimation in the
large-scale distribution network needs to consider more
uncertainties and complexities, and the compatibility of
multiple types of measurements would also affect the state
estimation results. The equivalent electrical distance was firstly
defined and the unbalanced distribution network was divided
into several subareas based on the community discovery
algorithm. Then, the interval number of local multi-source
measurements consisting of pseudo-measurements and
real-time measurements were obtained. A local interval state
estimation model for the local distribution network considering
the bi-level uncertainty of measurements and line parameters
was established, by using interval measurement transformation
technology to uniformly convert multi-source interval
measurements into system injection current data. Finally, a
modified interval optimization method was used to effectively
solve the local interval linear state estimation model, and the
interaction of boundary state between adjacent sub-areas was
completed to output the global interval state results of the
distribution network. Case simulations and comparisons have
illustrated that the proposed method possesses better
performance in estimation accuracy and computational
efficiency than these traditional ones, and it can track the

influence of the multiple uncertain variables on the state
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Fig. 1 Framework of the proposed distributed interval state estimation of distribution networks
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uncertainty

Due to the stochastic power injections of the
distributed generation (DG), the processing of state
estimation (SE) in the large-scale distribution network
needs to consider more uncertainties and complexities,
and the compatibility of multiple types of measurements
also affects the state estimation results.

This paper proposes a distributed interval SE
framework of distribution networks based on multi-source
measurements, as shown in Fig. 1. Firstly, the large-scale
distribution network is divided into several subareas based
on the community discovery algorithm. Then, the interval
number of local multi-source measurements are obtained.
Using interval measurement transformation technology, a
local interval SE model for the local distribution network

considering the bi-level uncertainty of measurements and
line parameters is established:

(H] -I ||[x]|_|l[z]
0 [HI'W || |0

where [H] is the interval Jacobian matrix; [x] and [z] are

(1

the interval system state vector and the interval system
measurement vector, respectively; [v] is a dummy
interval vector; W is the weighted matrix; 7 is an identity
matrix. Finally, a modified interval optimization method
named proposed Krawczyk-Moore algorithm (PKMA) is
used to solve the local interval SE, and the interaction of
boundary state between adjacent sub-areas is completed
to output the global interval state results of the
distribution network.
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Fig. 1 Framework of the proposed distributed interval state estimation of distribution networks

A modified IEEE 123-bus consisting of four
subareas is used as the test system to validate the
feasibility and effectiveness of the proposed approach.
Meanwhile, two other algorithms, traditional
Krawczyk-Moore algorithm (TKMA) and MCS, are used
to solve this interval problem. The partial SE results of
buses voltage real part in two subareas are outlined as
shown in Fig. 2. Obviously, the bounds of solutions
obtained by both the TKMA and PKMA integrally contain
the bounds obtained by the MCS. It can also be noticed
taht he bounds of the PKMA are a little narrower than that
of TKMA, which demonstrates that the PKMA has the
ability to reduce the overestimation of bounds compared
with the existing approach. Moreover, the computing time
of the distributed approach to obtaining the global interval
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estimated results is 30.96s, while it takes 35.68s to
obtain these results through the centralized one.
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1.04

Interval of MCS

0 19 38 0 16 33
Bus No. Bus No.
(a) Voltage real part in area #1 (b) Voltage real part in area #2

Fig. 2 Partial estimated results of buses voltage in two subareas

All in all, the proposed distributed interval SE
method has the advantages terms of better
computational performance for tracking uncertainty
tolerances and could be more suitable for the online
application.
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