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ABSTRACT 

Super Decentralized Control is a cooperative control 

method for voltage control devices on distribution 

networks. Each controller has a state estimation function 

and an optimal control function. The state estimation 

function estimates distribution voltage and current from 

imperfect power flow observations collected via limited 

communication lines. The optimal control function 

optimizes control of each voltage control device on the 

basis of a comparison between estimations and target 

voltage. By superposition of voltage controls, the 

distribution voltage is regulated as a decentralized 
feedback system. We designed a mathematical model of 

Super Decentralized Control and confirmed the 

capability of the model through power flow simulation. 

INTRODUCTION  

Future distribution management systems optimize 
voltage-control 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 networks [1]. 
However, these communication lines cannot always 
collect the data perfectly because of bandwidth shortages 
or communication problems. Management systems must 
therefore be robust against imperfect power flow data 
collection. 
In response to this need, we are developing a 
decentralized cooperative controller for voltage 
regulation. As shown in Figure 1, a distribution network 
is equipped with plural controllers, each of which 
consists of a state estimation function and an optimal 
control function. We assume that every node that has a 
load, SVR, and SVC also has a sensor that measures local 
voltage and local current but that the controller can 
collect remote measurements from only limited nodes 
through the communication line. 
In this paper, we propose a mathematical model for Super 
Decentralized Control as a decentralized state feedback 
system in which estimations and control signals can differ 
for each controller. We also present power flow 
simulation results that show cooperative behaviour of 
decentralized controllers and confirm the system can 
regulate the distribution voltage. 

MATHEMATICAL MODEL  

Network Topology 

Figure 2 shows an example of a tree-shaped distribution 

network topology, which is described by a neighbouring 

matrix and a connection matrix in the following 

definition. 

- Upstream neighbouring matrix U: όὴ  is a node 
number of the upstream neighbouring node of node p. 

- Downstream neighbouring matrix D: Ὠὲȟὴ  is a 

node number of the downstream neighbouring node 

of node p on the path to node n. 

- Connection matrix ╒ ╒ ╒ ╒ : 

ὅ ὲȟὴ
ρḊ ÎÏÄÅ ὲ ÉÓ ÉÎ ÕÐÓÔÒÅÁÍ ÓÉÄÅ ÏÆ ÎÏÄÅ ὴ
πḊ ÔÈÅ ÏÔÈÅÒÓ

       (1)   

ὅ ὲȟὴ
ρḊ ÎÏÄÅ ὲ ÉÓ ÉÎ ÄÏ×ÎÓÔÒÅÁÍ ÓÉÄÅ ÏÆ ÎÏÄÅ ὴ
πḊ ÔÈÅ ÏÔÈÅÒÓ

 (2)   

ὅ ὲȟὴ
ρḊ ÎÏÄÅ ὲ ÉÓ ÎÏÄÅ ὴ ὲ ὴ

πḊ ÔÈÅ ÏÔÈÅÒÓ
                             (3)   

ὅ ὲȟὴ
ρḊ ÎÏÄÅ ὲ ÉÓ ÉÎ ÐÁÒÁÌÌÅÌ ÐÁÔÈ ÏÆ ÎÏÄÅ ὴ
πḊ ÔÈÅ ÏÔÈÅÒÓ

          (4)   

Power Flow 

Impedance 

A branch from node όὴ  to node p is described as 

όὴᴼὴ, whose impedance is known parameter 

ὶ ᴼ Ὦὼ ᴼ . 

Voltage and current 
Because of the limitation of power flow data collection, 

voltage and current observations can differ for different 

pairs of observing and observed nodes. The following 

definition gives a matrix description in which ὠ  andὍ 

is local voltage and local current of node p as the internal 

state of node i. 

╥
ὠ Ễ ὠ
ể Ệ ể
ὠ Ễ ὠ

 (5)   

╘
Ὅ Ễ Ὅ
ể Ệ ể
Ὅ Ễ Ὅ

 (6)  

Power equation 

The power equation of the branch όὴᴼὴ is given by 

the following equation, which is common for the nodes 

with load, SVR, and SVC. Here, †  is tap position of 

node p observed from node i. Ὅǋ ὴ is passing current of 

downstream node n through node p. 

ὠ †ὠ ὶ ᴼ Ὦὼ ᴼ Ὅ ὅ ὲȟὴὍŹ ὴ  (7)   

ὍŹ ὴ † ȟ † ȟ ȟ Ễ † Ὅ  (8)  

Control sensitivity 
The amount of small voltage change in node n caused by 

the amount of small control change in node p is defined 

as control sensitivity ὑὭ  in the following matrix 

description observed from node i. 




