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Abstract

Electricity Distribution Networks are normally scattered over large geographical areas. Such distribution networks are a
complex networked collection of circuits consisting of primary feeders, thousands of substations, hundreds of switching
stations and thousands of overhead poles all linked via switches and cables. Unlike other utilities, electricity distribution
circuits are static in position but dynamic in power and flow direction. Therefore, to a control engineer, it is not the
geographical location of the device which is important but rather the status of the whole circuit or device and where it is
feeding from and what it is feeding. A distribution network is normally drawn or digitized using a graphics package.
Systems to process the required network operations are programmed to carry out many of the control centre operations
such as adding new stations, retiring old stations, tracing the flow of a given circuit, isolating a station for maintenance,
isolating a complete circuit for maintenance, redirecting the flow of electricity, Speed of display of these schematic
diagrams and the speed by which the system responds to the commands to carry out the switching operations and then
redrawing the circuits correctly and showing the correct status of switches and circuits is of vital importance.
Schematically drawn networks coupled with a relational database can be very slow to respond to the emergency switching
requirements. This paper presents a logical display approach to process distribution network operations based on the
concept of graphs. The graph based approach is distinguished by not having to redraw the circuits after each switching
operation and a change in the status of the circuit. We demonstrate that our logical display approach is almost ten times
faster than the schematic based approach. This paper demonstrates that the graph based approach achieves a further
enhancement of the logical display approach. The paper presents the results of testing the graph based approach on a
number of realistic circuits. A comparison of the speeds between the schematic display, the logical display and the logical
graph based display is presented.

Keywords: Distribution network systems, algorithms, electrical circuit, graphical logical display, Graphs

I. INTRODUCTION

A distribution network is normally drawn or
digitized using a graphics package such as AutoCAD or
Microtation, see Fig. 1. Systems to process the required
network operations are programmed to carry out many
of the control centre operations such as adding new
stations, retiring old stations, tracing the flow of a given
circuit, isolating a station for maintenance, isolating a
complete circuit for maintenance, redirecting the flow of
electricity, etc. These operations require decision
making capabilities which can be provided either by the
engineer at the control centre or by the system. Speed of
display of these schematic diagrams and the speed by
which the system responds to the commands to carry out
the switching operations and then redrawing the circuits
correctly and showing the correct status of switches and
circuits is of vital importance. The sample network
shown in Fig. 1 was taken from a Distribution Control
Centre which was drawn using Microstation and
programmed by using Bently's MDL. The system
suffered from two main problems: 1) a very large
confusing schematic display comprising over ten
thousand stations and 2) speed problems where one
circuit may sometimes take up to three minutes to

Figure 1: A sample of a distribution network digitized
manually using Microstation

display. For each switching operation, the system has to

redisplay a fixed schematic diagram consisting of tens
of thousands of elements, each with coordinates, colour,
thickness, status, etc. This has prompted us to search for



a better technique for display which would be much
faster than the current system. Our approach is based on
a logical generated graphical display of the network
where both the graphical information and the status
information is all kept in the database in RAM and is
extracted for the circuit concerned. The coloring scheme
showing that a circuit is live or dead is also generated
directly. This meant that we can deal with individual
circuits at any one time, only components of the circuit
concerned is generated. This approach proved to be
much faster and more informative.

A control engineer normally works on more
than one circuit at the same time where he
communicates with the field engineers who carry out his
instructions. On a large-scale system, each switching
operation may take from few seconds to few minutes
and this causes aggravation and loss of control. A typical
network will have about 60 primaries, almost 9000
substations, and almost 200 switching stations, 1500
overhead poles, and 25000 switches. This is a huge
undertaking for any multi-user client server environment
with both database and graphics processing.

Research on automating the Electricity
Distribution Control Centers and their activities of
monitoring and controlling electricity distribution
networks has received some attention in the research
literature. Most of the research is focused on post fault
reconfiguration [4], [13]. However, no research was
directed to the issue of the speed of displaying the
graphical distribution of the network which will enable
the control engineer to visually study the situation and
take the appropriate action. Most of the systems
available are simple schematic displays.

Some studies were conducted on the issues
relating to the problems speed efficiency of displaying
distribution networks [1], [2] & [7]. After thoroughly
searching the literature, we have found no other reported
attempts to present some solutions to the issue of speed
problems of distribution control systems. We have found
no published work about the problems and methods of
display of the distribution network. Clavijo et al [6]
describe a distributed system based on CORBA
technology to provide real-time visual feedback to
operators of large supervision systems. Dash, et al [8]
present a functional-link-neural network for short-term
electric load forecasting. Tae-I Choi et al[15] report on a
remote control and fault location system for distribution
lines. Hua et al [11] propose an algorithm and
implementation of an incident based connectivity trace
system for distribution network. Carvalho et al [4]
proposed an approach to operational planning and
expansion planning of large-scale distribution systems.

Herrell et al [10] proposed a method of
modeling of distribution systems in PCs. Yeh, et al [18]
present an integrated solution for computerized
distribution planning in a geographic information system
(GIS) context, a synergy that magnifies the data
accessibility between load forecasting and feeder

planning tools, sealing the traditional gap between long-
term and short-term distribution system planning.
According to these authors, this approach enables the
distribution system studies in a GIS context, to best
assist utility planners in deciding where and when the
customers will grow and how to expand the system
facilities to meet the demand growth. Wainwright [16]
present a Distribution Engineering Geographical
Information System as a major program of network
information data capture at all voltage levels from the
customer service cable right through to the primary
supply in-feed; a suite of software for viewing the data
in the office and in the field; tools for network
optimization; and a range of automation and information
processing systems which assist in the operation and
maintenance of the distribution network. Lestan et al
[12] present a form of a distribution network automation
utility experience.

Cavattoni et al [5] describe a GIS experience
of a company that manages Verona's utilities networks.
It outlines some particular aspects of the GIS project, of
the numerical cartography and of the utilities network
database. It also describes two utilizations of
geographic information systems to handle data
referring to geographical positions giving the length
calculation of 50 electricity distribution lines. Xing
Weiguo et al [17], report on a proposal for a PC-based
distribution ~ system  without  giving  specific
achievements or results.

II. USING GRAPHS

A graph, like a tree, is a collection of nodes and
edges, but has no rules dictating the connection among
the nodes, see Fig. 2 & 3 from [14]. Realize that all trees
are graphs. A tree is a special case of a graph, one whose
nodes are all reachable from some starting node and one
that has no cycles. Figure 3, taken from [14] shows
three examples of graphs. Notice that graphs, unlike
trees, can have sets of nodes that are disconnected from
other sets of nodes. For example, graph (a) has two
distinct, unconnected set of nodes. Graphs can also
contain cycles. Graph (b) has several cycles. One such is
the path from v1 to v2 to v4 and back to v1. Another one
is from v1 to v2 to v3 to v5 to v4 and back to v1. (There
are also cycles in graph (a). Graph (c) does not have any
cycles, has one less edge than it does number of nodes,
and all nodes are reachable. Therefore, it is a tree.

The edges of a graph provide the connections
between one node and another. By default, an edge is
assumed to be bidirectional. That is, if there exists an
edge between nodes v and u, it is assumed that one can
travel from v to u and from u to v. Graphs with
bidirectional edges are said to be undirected graphs,
because there is no implicit direction in their edges [14].

For some problems, though, an edge might
infer a one-way connection from one node to another.
For example, when modeling the Internet as a graph, a
hyperlink from Web page v linking to Web page u
would imply that the edge between v to u would be



unidirectional. That is, that one could navigate from v to
u, but not from u to v. Graphs that use unidirectional
edges are said to be directed graphs.
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Fig. 2 Three examples of graphs

When drawing a graph, bidirectional edges are
drawn as a straight line, as shown in Figure 3.
Unidirectional edges are drawn as an arrow, showing the
direction of the edge. Figure 3 shows a directed graph
where the nodes are Web pages for a particular Web site
and a directed edge from u to v indicates that there is a
hyperlink from Web page u to Web page v. Notice that
both u links to v and v links to u, two arrows are used—
one from v to u and another from u to v.

III. DRAWING DISTRIBUTION NETWORKS

A Distribution Network System is a collection
of circuits consisting of primary stations (feeders),
thousands of substations (distribution), hundreds of
switching stations and thousands of overhead poles all
linked via switches and cables, see Fig. 1 & 4. Overhead
poles contain special switching devices such as jumpers
and fuses. Stations are linked to each other through
switches, which are fixed in the stations. Every station
may contain one or more switches and has one or more
bus-bars, where every bus-bar can be considered as a
station by itself. Primary stations are the sources that
feed other stations, except in some rare situations where
they act as a switching device. Substations are the
stations that are fed by primary stations. Switches on
primary stations are called circuit breakers. All
connecting stations linked to a circuit breaker represent
an electrical circuit. Electrical circuits form the
Electrical Distribution Network, see Fig. 4. The control
engineer can either zoom in or zoom out on these
circuits which normally makes the circuits either
unreadable, in the case of zooming out, or only one part
is readable in the case of zooming in. A sample of the
network is shown in Fig. 1, where a primary source 001
feeds substation 101, 112, 127 & 118. Substation 101
has four switches, and it feeds substations: 102, 104, and
106. The sample network shows three primaries, 001,
002 & 003.

These monitoring and control activities of a
distribution control centre include switching the flow
from ‘on’ to ‘off” and vice-versa, preparing switching
plans, adding and removing substations, adding
switches, adding and connecting cables, etc. Such
activities have been explained in [1]. To operate in such
environment the control engineers need to get quick,

reliable, up-to-date and detailed information about any
circuit or device of this network system at any point in
time.

Directed Graph (a) Adjacency Matrix Representation (a)

Fig. 3 Model of pages making up a website
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Fig. 4 A sample distribution network

In order to make the system as quick as
possible, the elements of the network must be modeled
in such a away that optimizes the time of update and the
graphical display of new results. The structure of the
database tables and other supporting data structures used
in the programs form vital factors towards achieving this
goal. In addition, special attention was given to the
design of the algorithms which carry out all the required
switching, tracing and other processing operations. The
system presented in [1] was developed using Delphi and
a DBMS whilst the new Electricity Distribution
Management System - EDMS was developed using C#
which is one of the .NET platform programming
languages and fully object-oriented language and using
Microsoft SQL Server 2005 as the external data storage.
Both systems set out to perform the different network
operations that deal with the distribution network. The
EDMS presented in [1] design strategy was based on
two types of data storage: 1) External Data Storage (the
database schema) and 2) Internal Data Storage: Stack.
The new Graph based EDMS is based on: 1) External
Data Storage (the database schema) and Internal Data
Storage (Stack and Graph). Both systems use the Stack
as the internal data storage to perform the different
network operations because the stack is the only data
structure suitable for traversing distribution networks
where each node may have one or more outputs and one
or more inputs. The stack is used to show the
connectivity of the network and hence the flow of power
through the stations which would dynamically change if
any of the switches is switched on or off. Physical



connectivity can be represented using an ordinary data
structure such as a database table.

Graphs are composed of a set of nodes and
edges, just like trees, but with graphs there are no rules
for the connections between nodes. With graphs, there is
no concept of a root node, nor is there a concept of
parents and children. Rather, a graph is a collection of
interconnected nodes. Systems such as Electricity
Distribution Management Systems (EDMS) can be
modeled using graphs where stations can be modeled as
nodes and cables connecting stations through switches as
edges.

When the electrical network drawn and the
system user has to perform tracing through the network
or making switching plan, that is change the status of the
switch from on to off or vise versa, we need such design
that limits the access to the external database. For
example, when the user wants to trace from the station
number 118 as shown in Fig. 4, the system had to read
the same data from the database and perform the same
steps done by the drawing procedure except that the
traced stations will be colored with a different color. If
we calculate the time required to perform tracing in any
network we find that it consumes much time, the time
consumed on drawing and on changing the color of the
traced stations. But when we use the graph technique,
this time could be reduced 2 times since it will consume
time on changing the color of the traced stations.
Therefore, the main reason behind using graph is to
perform the network operations dynamically and limits
the database access for just updating the records. Each
node in the graph will hold station records, while the
edge will hold the cable and the connecting switches to
that cable.

Table 1 Network Representation using the Adjacency
Matrix
Listof  Neighbors
(Node)  (stations related
Stations  to that station)

001 118

118 119-121

119 120

121 122 -123-124
122 002

123

124 125

IV. REPRESENTING THE ELECTRICAL
NETWORK USING GRAPHS AND ADJACENCY
MATRIX

For each station in the electricity network there
could be a maximum of five edges, representing the
connection from a switch on that station to another
switch on another station. Each station record is stored
on a Node instance and the connection record (cable and
the two switches) is stored on an Edge to Neighbor
instance. And for each node there is a list of nodes
representing the neighbors of that node (i.e. station).

And if we use Fig. 1 as an example, the representation of
that network will be as shown in Table 1.

Code: 001, Bus-bar Code: A and Switch Code:
3, the time required to draw the above network was
0.0968. Assume that we want to change the status of that
switch (the switch defined by the user) from ON to OFF,
we need to find out how much time is required by the
system to perform such operation. Figure 7 shows that a
total of eleven stations were affected as a result of
switching off the desired switch, and the time required to
change the color of the connections as well as updating
the database was 0.193. This time could be much higher
without the help of the graph. In our case it could be
0.0968 (time required for drawing) + 0.193 (time
required for updating the network elements record) =
0.2898 seconds.

get starting station
push all out switches into Stack
set column to 0
set level to 0
draw at (column, level)
insert node to the graph
increment column
repeat
pop switch
get base station
get column and level from xy-coordinates by the
mapping function which has been defined earlier
increment column

counter = ()
flag = True
while flag
get connecting station
add edge to base node
if found then
increment counter
if out_switch = on then
get base station
else
flag = False
else
flag = False
end of while
flag = True

starting_point = (column, level)
look for “counter” empty adjacent cells in the
grid moving horizontally from the starting point

if found then
flag = False
else

increment level
draw at (column, level)
insert node to the graph
until Stack empty

Fig. 5 Algorithm for logically drawing the distribution
network



Figure 6 Case 1: Electrical Network using the new
EDMS

V. RESULTS

Since the original aim of the project was to
devise a number of approaches to display circuits and
compare between their outputs, we measured the results
in terms of speed. The speed is measured in milliseconds
and calculates the time interval between getting the
source station from the user just after pressing the start
button and drawing the last station on the diagram.

Figure 7: The same network (case 1, Fig. 6) after
Switching off (dead circuit)

Six different circuits were tested and the results
were collected and compared, see Table 2.

Table 2 Results achieved by the Graph based approach

Number of 8 14 32 43 75 138
Stations
in circuit
Speed (seconds) | 0.074 | 0.136 | 0.264 | 0.308 | 0.592 | 1.442

By switching we mean either turning a switch
on or off. The efficiency of the algorithm will depend on
the number of switches affected to the time spent to
show the effect of this switching in the diagram. Here is
a list of tests done to check the efficiency of the
switching algorithm:

We show in Fig. 8 the comparison between the
Graph based approach and the non-graph based
approach. We can see that the graph based sustained an
improvement in speed between 200ms and 400ms
throughout six different test circuits. The upper curve in
Fig. 8 shows the non-graph based results and the lower
curve shows the graph based results. We have to
remember her that these in both algorithms are logical
displays. The logical display approach was demonstrated

to be ten times faster than the schematic display
approach [1].
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Fig. 8: Comparison of speeds between the Graph based
algorithm and the non-Graph based algorithm

VI. CONCLUSION

This paper presented a new graph based logical display
approach to improve the speed of drawing, tracing and
switching distribution networks. The logical display
which has already been demonstrated to be much faster
than the schematic approach is now further enhanced in
terms of speed by using the concept of graphs [1]. The
improvement in speed of switching and drawing a circuit
was improved by between 200ms and 400ms depending
on the size of the circuit.
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