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ABSTRACT

Super Decentralized @ntrol is a cooperative control
method for voltage control devices on distribution
networks.Eachcontroller hasa stateestimation function
and an optimal control function. The statestimation
function estimatedistribution voltage and current from
imperfect power flowobservationscollected via limited
commuication lines. The optimalcontrol function
optimizes control of each voltage control deviceon the
basis ofa comparisonbetween estimations and target
voltage. By supeposition of voltage controls, the
distribution voltageis regulated as a decentralized
feedback systenWe designed anathematicalmodel of
Super Decentralized Controland confirmed the
capability of the model through power flow simulation.

INTRODUCTION

Future distribution management systems optimize
voltagecontrol devices such as the Step Voltage
Regulator (SVR) and the Static Var Compensator (SVC)
on the basis of power flow measurements collected via
communication lines for distribution network§l].
However, these communication linesannot always
collect the datgerfectlybecause of bandwidth shortages
or communication problems. Management systems must
therefore be robust against imperfect power flow data
collection.

In response to this need, we amkeveloping a
decantralized cooperative conttel for voltage
regulation. As shown in Fige 1, a distribution network

is equipped with plural controllers, each of which
consists of a state estimatidanction and an optimal
control function We assume theavery nodethat hasa
load, SVR, anéVC alsohas a sensor that measuliesal
voltage andlocal current but that the controller can
collect remote measurements from only limited nodes
through the communication line.

In this paper, we proposemathematical model for Super
Decentralized Controas a decentralized state feedback
systemin whichestimations and control signalandiffer

for each controller. We also present power flow
simulation resuls that show cooperativebehaviour of
decentralted controllers andconfirm the system can
regulate the distributiomoltage.

MATHEMATICAL MODEL

Network Topology

Figure 2showsan example of @reeshapeddistribution
network tgology, which is described by neighbouing
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matrix and a connection matrix in the following
definition.
- Upstream neighbouring matrid: 6 | is a node
number of thaipstream neighbouring node of nqale
- Downstream neighbouring matri®: Q&R is a
node number of thdownstream neighbouring node
of nodep on the path to node

- Connection matrixg F F:
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Impedance

A branch from node r to nodep is describedas
0N °n, whose impedance is known parameter
‘l [o] 7@) [e) .

Voltage and current

Because ofhe limitation of power flow data collection
voltage and currendbservationscan differ for different
pairs of obsering and observed nogeThe fllowing
definition gives a matrix descriptionin which® andO

is local voltage andocal currentof nodep astheinternal
state ofnodei.
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Power equation

The mpwer equation of the branchr © rjis given by
the following equation, which is common for the nodes
with load, SVR, and SVC. Here,t is tap position of

nodep observed from nodie "®lj 1 is passing current of
downstream node through nodep.
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Control sensitivity

The anount ofsmall voltage changé noden caused by

the amount ofsmall control change innodep is defined

as control sensitivityh Q in the following matrix

description observed from node
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