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Abstract

This thesis presents a research work which is carried out to implement a multi agent system
for voltage and outage monitoring system for Sri Lankan electricity distribution network. In
Sri Lankan distribution network most of the new technological features can be seen in the
different part such as automated meter reading, remote breaker operations. But distribution
system fault identifications, voltage monitoring and network reconfiguration are carried out
using basic technologies.

Automated Meter Reading (AMR) system is introduced to read analogue energy meters
remotely. Research on agent based AMR system is established with four major projects.
Those are Agent based meter reading system, network resource planning of the agent based
system, agent network reconfiguration and restoration project and Agent based voltage and
outage monitoring system

This particular research is on a development of Agent based voltage and outage monitoring
system formulated for power distribution network using Multi Agent System. Establishment
of agent based monitoring system is developed with the defined model in a part of the area
network. The model is established to represent the distribution network and to collect voltage
and interruption data to the server. Five major agents namely, Database Agent, Meter Agent,
Breaker Agent, Area network Agent and Reporting Agent are defined.

Voltage data collected from GPRS meter reading technique in Maharagama area is selected
for the case study. Six different data sets are considered under the case study. There are four
different tvpes of voltage failures are identified as High voltage, low voltage, Branch failures

and indi al it . . ventional method
and agent baged, s il
™
s J - i} ) i : | - - -
Agent basadiianitoring system Is tontintously tipdated throtigh’ Gt it would visualise
the voltage fevebof theviatwank Ot dlldienhar ‘0ol room operator.
Transfol e and low voltage

areas. Distribution network augmentation can be done with monitoring system by increasing
transformer capacity or introducing new transformer in identified areas.

Different types of GUIs are established to maintain easy monitoring system and reporting
system. The reporting system is included the agent based report generation for power quality
measurement indexes. Individual index vales of each consumers and the whole area network
index can be monitored through this system. Scalability and the flexibility of the monitoring
system increased with defined Multi Agents.
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Chapter 1

Introduction

1.1 Introduction of Power Distribution Network of Sri Lanka

Sri Lankan power distribution network is controlled by Ceylon Electricity Board
(CEB) and Lanka Electricity Company (LECO). At the primary substation; power is
brought to the bulk power purchasing point or the distribution transformer level via
different feeders. In Sri Lanka the power distribution system is powered through
primary substations. From a primary substation several number of radial distribution
feeders are started and they run over the area normally for 20-30 Km. Each feeder

consist of several number of load break switches.

The end user of the power distribution network consists with an analogue meter to
record the electricity consumption throughout the month. Then one of meter reader
will access thé[meter manuallylapdirecord the Bléctricity consumption and provide the
electricity bi.'“_—.frhis iSvery conventional method-and there are developed technologies

used by devé’lgﬁéd and developing countries in this field.

In Sri Lankan distribution network most of the new technological features can be seen
at the selected area networks such as automated meter reading. But distribution system
fault identifications, voltage monitoring and network reconfiguration are carried out

using basic technologies.
1.2 Introduction to Existing Technology

Automated Meter Reading (AMR) system is introduced to read analogue energy
meters remotely. This AMR system further developed to identify the error code from
the faulty meter and diagnosis the power failure. Faulty meter records were entered to
the power network and quarry to identify the feeder. Significant outages can be
identified through the system. But there are more data processing equipments, mass
storage capacity and also high data separation technique needed to have high accuracy

fault detection system.



Significance matrix method is used to define network cells. Network cells are made
referring the network size and structure. This matrix method is used to measure the
outage by probabilistic manner. Therefore this outage probabilistic index can be
increased or decreased according to case occurred. If the probabilistic index is very
high that recognizes as the power failure. However this will not represent whole
power failures correctly. It has few advantages, such as required data base intensity
considerably low and the availability of optimum data base usage. Main disadvantages
are loss of primary data and analysing of previous data cannot be done for future

decisions.

Agent based system is introduced to the power system applications to have flexible,
scalable, social and traceable network. Power system applications are covered vast
area in the power distribution industry. So these systems are complicated to handle
and needed to be simplified. This can be simplified as per requirement and the
flexibility of the system can be increased accordingly. This system is varied from

others due to flexibility, because agent systems can be changed according to the

requirerr i system. Jasignificapt dncidents will; not, he, nized as a fault.
Data can be éfaﬁes: ek do theoiigin wehendttequired-qamparing
1.3 Pr

The Sri Lankan Electric Power System is evolving in complicated network. The Meter
reading technology of the distribution network was started to update with AMR
Systems. Development of AMR system has began a new era for power distribution

networks.

AMR system is mainly considered to collect power consumption from individual bulk
consumers. In addition to this it can be used to read end users voltage. Comparison of
the voltage reading is used to identify the voltage drop for each and every customer.

Qualities of the end user voltage depend on the voltage deviation.

In the existing system, no voltage quality measurement or outage monitoring system
has been established. Presently all outages were recorded as a telephone complain to
the control room operator. According to that information, technicians are attended to
the breakdown. Time calculation for the outage was monitored through this

information flow. Due to this unusual method, calculation of the System Average



Interruption Duration Index (SAIDI), System Average Interruption Frequency Index
(SAIFI) and Customer Average Interruption Duration Index (CAIDI) are incorrect.

Requirement of the voltage and outage monitoring is recognized to improve the
voltage quality of the end user and power system augmentation can be planned
accurately with existing data. This can be developed through the voltage monitoring at
the end of the line and can be emphasized through the calculated voltage drop through
the power line. Defect meters are identified at the stage of the manual meter reading.
This identification can be localized to the control system through outage monitoring

system.

The problem studied in this research is the issue of outage monitoring through voltage
readings. The outages will be reported instantly to the central controller once an AMR
system was placed. But these reports will be in nature; none of the individual records
will directly point an outage incident and therefore a record has low value. But the

cumulative presence of these records along a network branch leads to a significant

outage il \ge records have
to be carrieggeaut from 16gically connected ‘agents ‘with-6wns behaviours and that
would be themest
14 Mquauun

In order to solve the above mentioned voltage and outage monitoring issue, most of
data processing and analysing techniques were considered. Maintaining of online
voltage monitoring system would be a challenge, low voltages and high voltages are
required to be mapped to realistic network because bulk customers’ main
consideration is kept on the voltage quality. If voltage imbalance is frequently
occurred, they cannot maintain a consistent power supply. Once the bulk customers
made complains about low or high voltage situation, control system engineer cannot

reason out any time period or he cannot prove the actual voltage levels.

It is very difficult to maintain the accurate SAIDI and SAIFI values with the present
data logger system. The quality of the power provided by the power utility company is
the key factor of measuring, its capabilities and the technology. With the existing
programmes, it has to change whole programme when modifications were done for

distribution network, such as installation of new meter or change meter location or



introduce new breaker. These problems have to be overcome with new system and
should introduce a flexible and scalable program with minimum changes. In this
circumstance propose system has to be mainly focused on the simplicity and
flexibility of the program, and to minimize the changes when new meter were

introduce to the system.

This online data processing system can be used to predict the exact meter faults, low
voltage and high voltage areas in the power distribution network, and locate the
breaker failures to identify the exact outage area. The accuracy level of the data
processing system has to be increased and it is required to introduce a proper method.
With this exact objective, this work is presented. In this circumstance development of
online voltage and outage monitoring system using multi agent system is a solution

for real problem faced by the Sri Lankan Power distribution network.

1.5 Methodology

Power distribution network of Sri Lanka is very complicated and electricity suppliers
currently focusi the; SMART gridheonespt; T hls teseargh was developed as a part
of this ¢ nceﬁ?’ta anitortvoltage and:sotages [of the siystent # lingly following

steps were cofisttlered'ta'complatethe projec

1. Literature survey.

2. Study about the problems encountered with the voltage monitoring through
AMR system.

Define respective agents to represent the network components virtually.
According to the network size develop suitable agent Architecture

Develop probabilistic relation and hypothesis related to outage area.

Use java base program to define agents and database management.

N o g~ w

Develop a reporting agent to generate real values for power system quality
measurement indexes base on actual outages.

8. Develop physical model to gather required voltages and represent outage areas
manually and configure the agent model with this physical model values to

validate the system functioning.



1.6 Requirement of Agent Based Monitoring System

A very traditional distribution network is available in Sri Lanka. These distribution
networks need to be upgraded as SMART grid. Upgrading cannot be done in
overnight and need more experimental base innovations. These innovations are carried
out with in the LECO and few of them are functioning such as remote meter reading
through direct dialling via GPRS and AMR system.

As another era to the distribution network, LECO started testing on fully Agent based
operating distribution network establishment as an experiment. Accordingly four
major agent based projects were started as illustrated in Figure 1-6.

Project 1 : Physical meter agent Communication
Project 2 : Network resource planning and optimization
Project 3 : Agent based Network reconfiguration and restoration
Project 4 : Agent based monitoring system.
Monitoring system of the network needed to he done bhecause the agent based

monitoring sdysiqem sHouléh leercompletedwith tall ether systems:to run full agent based

dlstrlbutlon nebwo

5 - —

Laptop

Ayes

Power Meters M '_:“ |.-:: @
Figure 1-7: Agent Based Distribution network
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1.7 Contribution

Having studied the available AMR system, it was identified that implementation of a
proper monitoring system is very much essential to analyse available meter data.
Based on this requirement, agents were defined to represent the actual distribution
network components virtually. Accordingly main agent architecture was designed to

implement the monitoring system.

Designed different type of GUIs running based on the respective agents and developed
an online voltage monitoring chart for individual bulk customers. Separate database
was developed to maintain outage data and calculate power quality measurement
indexes more accurately. Demonstration model to represent area distribution network
was designed and implemented the data acquisition system to database. Based on this
model data, agent system was synchronised and run the system GUIs to show the real
outages. Maharagama area network is selected for Case study and data for 34 Nos of
meters were stored in to data base through GPRS direct calling method. These

voltages are processed with monitoring system to find out changes the area network

graphical Iye«'}

1
1
: : |
Demonstration . !
model E !
Physical 1| Data Agent Monitoring E
1
Distribution H Base for H Programme H System for E
X i Layer voltageand |
Network (| mamn !
= | outage :
System S | server !
® .
© = 1 :
5 S | !
C% & 1 :
» :
@) ! !
1
1 1
- !
Main server

Figure 1-7: System Model



1.8 Thesis Organization

The remainder of this thesis is organized as follows. Chapter 2 provides details of the
literature reviews, Main key papers are discussed which used to develop some features
of this project. Chapter 3 discussed about the multi agent system and it’s examples.
Chapter 4, it is reviewed the proposed solution for existing power distribution
network. In chapter 4, clustering technique, tree topology and the multi agent system
are introduced to assist to implement monitoring system. Chapter 5 provides more
detailed information related to the system implementation. In this chapter, it is
discussed about agent designing and programming, probabilistic and hypothesis
implementation, system model implementation and final GUI configurations.
Chapter 6, results are discussed about GUI representation, database management, and
related works of report agent. Chapter 7 presents the conclusions discussed in this
research and includes ideas for future study.



Chapter 2

Literature Survey
2.1 Introduction
There are no any power network system operate through multi agents in Sri Lanka.
This is happened because at the beginning of electricity industry we use analogue
meters. Still we are in same position and did not get rapid change with world. Because
the capital cost for energy meter is considerably high. Developed countries are used
digital meters which having lot of options to record required meter data. These meter
data were collected through AMR system to the central location. MAS is developed
on the AMR system and introduced new era to the power restorations. Basically
power restorations are introduced to the micro grids and that is helped to increase the

power quality of the system and availability.

Traditional system was currently replaced by AMR system. The Lanka Electricity

Compan = uired meter data
are colle :9«%@ central data base AMR T as bulk data so
important data-cal f.out easily ar collecting those
data. Be e 0 of fault finding

techniques, defect meter identifications and identifying electricity pilferage. Once the
power failure is happened all consumers try to call to control centre to make complain
about the failure. At that time telephone number of the call centre is engaged until
rectify the failure. During this period any one cannot give important updates to area
office. Also they cannot find the exact reason for the power failure and alternative
solutions. Maintenance crew is attending to the faulty by searching whole network.
They will take long period to rectify the network. They normally inform to area office
after rectifying the fault. Alternative options will not to be considered to supply power
through other primaries which having ring structure. Due to this reason power quality
measuring indexes are going higher and higher so company mission drastically gone

down.
2.2 Clustering for Partitioning a Power System

Clustering is the process of identifying the underlying structure in data and
determining groups of similar behaviour. Various type of clustering methods are used
8



for power restoration and found in literature [1]-[3]. Summiya Moheuddin, et al.
Presented a reconfigurable distributed multi agent system optimized for scalability [1]
is selected to consider future works. In this paper authors used a combination of
cluster computing and multi agent system for scalability. Also the performance and
scalability of a multi agent system is measured using indicators, such as number of
concurrent agents and associate tasks and organization patterns of agents. This
organisation pattern or agent architecture is depending on the number of cluster. Also

it can be reduced the number of agents which used to communication.

In their research, authors have developed clustering techniques to identify logical
power system partitions such that agents can monitor these dedicated clusters or
partitions rather than employ an agent to monitor each node or device. By partitioning
the entire system into clusters and assigning an agent to each cluster, task sharing is
achieved which reduces the problem complexity. In comparison to the topology
independent decentralized MAS.

As the : ease, the entire
decision Altgﬁg process becomes_more susceptible to faults and errors due to last
message orpreple ymmunication 4 e scalable MAS
architect their system.

2.3 Architecture of the MAS

Whole multi agent system performance is depending with the basic architecture
design. Several agent architecture designs were developed and found in literature [4] —
[9]. When selecting the number of agents to the system, it is needed to be considering
following important policies.

e To decrease the resource requirement

e Simplifies the agent system topology

e Reduce the communication overhead

e Limit the number of possible interactions.

e  Minimise the overall complexity of system.
A major challenge of agent architecture for power system applications is scalability.
Most existing architectures associate an agent with an electronic component in the

system [4]. The idea is to have agents with local information communicate with each



other to reach a solution. The amount of communication and coordination reduced
through the layered architecture. This layered architecture is helped to reduce the
number of agents and complexity of the system [4],[6].

Moreover, several authors have addressed the issue of fault diagnosis and
reconfiguration. Specially, the paper by Li Liu [10] describes the need of fault
detection in naval shipboard power system. The paper discusses the practical fault
detection and diagnosis problem along with prognostics from control engineering.
This is related to my project base on the online voltage monitoring technique. Because
in their fault diagnostic framework, the task has been defined as to constantly monitor
the process and from the available observations to identify an indication to decide
whether there is a fault or not also identify the fault location.

2.4 Tree Structured Network

Power distribution networks mostly deployed as tree structures. Tree structured

networks are an important application for fault diaanosis due to their use as

distribut et 5[ 14 ]<[2 3L T hercentralsite  farms-the 4pat-of the tree, while the
consumers a{éslm 3dl attherleavéshof dhedtrdel dncsuchiiame , a fault in one
component Bfthe network'may dfféttdll co stream from that

Compon(:'lll. I Tee structure uevelopirerit dard duivided Lo supb trees wele ConSidered base
on the papers published by Christoper Leckie and Michael Dale, Telstra Research
Laboratories about Locating Faults in Tree Structured Networks [12]and by Yue
Zhao, Raffi Sevlian, Ram Rajagopal, Andrea Goldsmith and H. Vincent Poor about
Outage Detection in Power Distribution Networks with Optimally- Deployed Power

Flow Sensors[13].

In paper [13], authors have discussed about the deployment of extra sensors to collect
data from the distribution network and optimization of sensor installation to the
network. This use full to us when consider about the Sri Lankan network system we
collect data directly from the meter accordingly we do not want to introduce new
sensors but it is important to divide the network for sub trees to minimize the data

processing time and increase the system efficiency.

10



2.5 Probabilistic Model

Different kind of approaches was taken to find out failures in the distribution network
using the probabilistic approach. On the technical point of view, handling non-
constant failure rates is a key requirement for the reliability analysis tools that are
included into risk analysis or risk assessment programs. In the same way, the
reliability tools should use the full probability density functions (PDFs) instead of
limiting the analysis to the expected values and standard deviations [14]. In this paper
mainly discussed about the reliability issues of the network and the first step for
applying probabilistic reliability analysis is to define the random variables (RVs)
involved in the study. However, some indices are defined under the assumption of
exponential distribution of the time to failure with constant failure rate. Development
of outage hypothesis were done base on the paper [13] and relation to the probabilistic
values studied with references of [2],[14]-[17].

2.6 Existing voltage monitoring system

Remote monie anchianalyzing csystémraf lowa voitage. aistribution lines is being
develope mé;’fd;\ Ymeritor ang analyvze fow veltage ! 50LHZ: hase distribution
system from ac lized ‘control centre. is introduced to

transformers and it will compare with the predefined voltage settings. High voltage
failures can be identified by defined specific tolerance level. If voltage of the system
is decreased or increased compare to the predefined voltage level, error message will

send to centralized control centre.

GSM network is used to communicate (send and receive data) between Centralized
control center and the measuring devices. The GSM modems are placed near the
distribution transformers and the centralized control center. The modems which are
placed near the transformers are connected to measuring devices via controller system.
Measured data is sent to the Centralized control center as a text message via above
GSM modems.First the measured data is sent to the microcontroller and then data is
processed and converted to a SMS. After that the SMS is sent to the GSM modem
which is placed in the control center through the GSM modem at the site. Interfacing
between microcontroller and GSM modem is done by using integrated circuit. With

this system voltages of individual bulk customers cannot be measured.
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Chapter 3

Multi Agent System

Technology is developing day by day to provide best approach for the complex
problem. Decentralized approach and Centralized approach are two main stream
debated today. Each of above stream has its advantages and disadvantages.

Multi Agent System is simply developed based on the one important component
named as agent and the system comprises of more than one agent is named as the
multi agent system. There are various definitions for the multi agent system.

The MAS is defined as a system with component level intelligence. Those intelligent
components are named as an agent and system with a group of agents is named as a
MAS[20].

The agent is introduced as a software entitv exists in some environment having sense

on the changes ility to ¢eactoih Khemaautonemevsly and:g lirected manner.
™

Ina mul aégm gystemCtasksiare carrig s utdby AriecactingCage at can cooperate

with each ofhér
3.1. Features of MAS

The agent is the most important concept of the multi agent system and agent is defined
as a software component having special features to bring its autonomy. With its
special features agent can act as a human agent and it helps to model complex system
and introduce the possibility of having common or conflicting goals. The agent
comprises with the main special features of autonomous, social, reactive and proactive
[22].

Autonomous- Agent can act without direct intervention of human or other factor and

it can control its actions over the initial state.

Social- Agents are corporate with human or other agents to achieve the common

complex goal.

Reactive-Agent perceives the environment changes and act over them in timely

fashion.
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Proactive- Agent is not simply act on the environment and it is able to exhibit goal
directed behaviour by taking initiative.

In addition to above main features agents can have the ability to travel between
different nodes in a computer network, which shows its mobility. Agent is truthful as
it providing the certainty that it will not deliberately communicate false information.
Agent is always acting to achieve the goals and never to prevent goals, and it can learn

from its environment.
3.2. Applications of MAS

MAS is widely used in variety of application areas from small industrial application to
space related activities. The core areas where the featured advantages of multi agent
system are used are process control, system diagnosis, manufacturing, transport

logistics and network management.

In process control systems, the study describes the application of MAS corporate with

conventi _ h techniques. In

the study rejeals, the application of f I_Agents; goal ori 1 behaviour and
\ s ¥

social behaVigdrffor the corppration contrey

In manufacture control it has to tackie the temporal dynamics, uncertainty,
information sharing, coordination and corporation. These challenges are addressed

and resolved in numerous manufacture controls by employing MAS [23], [24].

Transport and Logistic is very unpredictable and rising demanded area where the
broad and fine attention required. Most conventional technologies face lots of
challenges when it comes to the automation. The MAS has addressed these issues with

the inherent features of agent and multi agent system [25], [26].

In network management; the conventional technologies becoming inadequate to solve
the scalable, flexible and economic solution and these challenges has addressed using
MAS [27], [28]. The network security agent application can employ its intelligence on

reasoning, goal directed behaviour, corporation and communication.
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3.3. The Foundation for Intelligent Physical Agents (FIPA)

The Foundation for Intelligent Physical Agents (FIPA) is the body to set the full
standard specification for the agents and agent based systems.

The FIPA was established as an international non-profit institution to develop
collection of standards. FIPA is the IEEE officially accepted standards organization
for agent and multi agent system. The standards can be viewed in different categories
such that agent communication, agent management, agent transport, agent architecture

and application. Some of the core categories are discussed in below section.

3.3.1. Management of an Agent
This comprises several entities as illustrated in the Figure 3-1; Agent, Agent
Management System, Directory Facilitator and Message Transport System[29].

Software

Message Transport System

Agent Flatform

Figure 3-1: Agent Management Reference Model

Agent- Agent is a computer process entity having autonomous and communication

ability. Agent is the main actor of an agent platform.

Agent Management System (AMS)-AMS is a mandatory element of an agent
platform and there is only one agent platform in an agent platform. AMS maintain the
details of the agent in the agent platform. AMS is responsible for managing the agent
in the AP such as agent creating, agent deleting, agent migration, etc. The life cycle of
the agent is managed by the agent management system and the lifecycle statuses are

illustrated in the figure 3-2.
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In the life cycle; when agent at active state Message Transport System (MTS) deliver
the messages to agent as normal and at the initiated, waiting or suspended state, MTS
buffers the messages until the agent become active. The transit state is for the mobility
agent and MTS buffer the messages with it until the move get finished or it forward

them if the forward function has set to another location.

Directory Facilitator (DF) — This is an optional component in agent platform and if
DF present it provides the yellow page service to the agent. So it allow agent to
register their services and agent to search the services among other agents.

Message Transport System (MTS) — This is the default communication between

agents on different agent platforms

Agent Platform (AP) — This is the physical infrastructure for agent deployment.

‘ @\ /@
| y e\

A

Move
Invoke

Creale
Execute

Figure 3-2: Agent Lifecycle

3.3.2. Agent Communication

FIPA agent communication deals with agent communication language, message
exchange Interaction Protocol and Content Language representations.FIPA Agent
Communication Language (ACL) define one or more parameter to make the
communication effective. Though parameter “Performative” is the mandatory
parameter, usually ACL message contains the sender, receiver and message

contents[30].
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Figure 3-3: FIPA Message Structure

ACL message parameter and its description is illustrated in the table 3-1.

Table 3-1: ACL Message Parameter

Parameter

Category of Parameter

per formative

Type of communicative acts of the message

sender

Identity of.the sender nf the message

|dentitytehthedntdnded seSipientsefthe imessage

receiver |t )

WHich ‘ageht toldivett subsequent messages to within a

reply-to _
conversation thread
content Content of the message
language Language in which the content parameter is expressed
encoding Specific encoding of the message content
Refer to an ontology to give meaning to symbols in the message
ontology
content
protocol Interaction protocol used to structure a conversation

conversation-id

Unique identity of a conversation thread

An expression to be used by a responding agent to identify the

reply-with

message
in-reply-to Reference to an earlier action to which the message is a reply
reply-by A time/date indicating by when a reply should be received
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The Interaction Protocols (IP) deals with pre-agreed message exchange protocols. The
request protocol and contract net protocol are described below as they are heavily
used at the applications.

The request interaction protocol is illustrated its protocol steps in figure 3-4. In this
protocol one agent request to perform an action from the participants and participant
agree or refuse the request. Then agreed agents notify the status after performing
action either done or failure [31].

FIPA-Request-Protocol ]
| Initiator | Participant
H i
i I
H |
I
request !
i
1
1
i
[ refuse
=
u [refused) /
1

! . inform-done _ inform

[agreed]

i)

inform-result : inform |

Figure 3-4: FIPA Request Interaction Protocol [31]

Similar to the request interaction protocol, the contract net interaction protocol initiate
the conversation with participant to submit their bids or “call for proposal - CFP” as
illustrated by the figure 3-5. The offers from the participant are evaluated by the
initiator and select the best option and award the contract to the selected agent from
proposal accepted message. Finally the contract awarded agent reply back to initiator

either action done or failure [32].
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Initiator Participant

I

|
cfp B
i<n refuse

A__

=n-i ropose
<J— H prop

reject-proposal  ksj

accept-proposal |=k-j
% - g
>_|_

g failure

inform-done: inform

inform-result: inform

Figure 3-5: Contract Net Interaction Protocol [32]
3.4. Comparison to Agent Development Toolkits

The infrastructure to develop the agent system as specified in the FIPA standard is
named as agent development tool kits. Toolkit provides support for application
development, security for communication among agents, facilitation for agent
mobility, etc. Present there are several developed agent toolkits such as JADE, Zeus,

Aglet and the comparison between each is given in table 2[33].
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Table 3-1:

Agent Toolkit Comparison [33]

Aglet Voyager JADE Anchor Zeus
Nature of Free, Open | Commer | Free, Open | Availablein | Free, open
Produce source cial Source BSD license source
_ Standard MASIF : FIPA | ssi, x509 | HIPA
implemented Compliant compliant
Synchronou
Communicati S, All Asynchrono | Asynchrono | Asynchrono
on Technique | Asynchrono | methods us us us
us
SeCU“FY Poor Weak Good 5"0’?9 Good
Mechanism security
Agent Not-so- Do not
Mobility Weak Weak weak Weak Support
Agent
Migration Socket RMI RMI Socket Null
Mechanism

From the available toolkits JADE is at the front line.

3.5. Java Agent Development Environment (JADE)

JADE is an %%_nt development Uramework an'‘complidnce-withFIPA and which was
started by Te é
the Lesser General Public License (LGPL) [34]. JADE is software platform that

com Italia Lab. JADE is"open source since 2000 and it is released under
provides basic middleware-layer functionalities and jade implements software agent
abstraction over a well-known object oriented language JAVA. Therefore MAS
application flexibility has been improved by allowing the agent mobility via wired,

wireless networks as indicated by the figure 3-6.

MAS
application

JADE

Java [J2BE| [J2sE]

' Internet

Figure 3-6: Java Agent Development Environment
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3.6. JADE Architecture

Jade architecture comprises with several main components as illustrated in figure 3-7.

They are;

e Agent

e Container

e Platform

e Main Container
e AMS & DF

_ i “{.Is registered
Iz registered.-~ s with @ @
with - \‘\‘\

S | ¥ | L Nt 4@ |§

Host 1

Host 4

IMain container

Platform 2

Figure 3-7: Jade Architecture [35] [36]

The agent framework; JADE essentially comprises with set of agents; which are
having unique name. Agent is a software entity which executes its task while
interacting with other agents exchanging messages. Agents are launched on the
platform; which provides all base line infrastructures for the successful birth of agents.
In a platform it contains one or more containers and main container is a special one.
Containers can be launched at different host in same platform achieving the

distributed ability of the platform [34]. The main container is launched at the time of
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first starting of the JADE platform. The main container holds important

responsibilities of;

e Managing Container Table
e Managing global agent descriptor table (GADT)
e Provide assistance to the agent management system (AMS) and directory

facilitator (DF) for their services.

When the main-container is launched the special agent of AMS and DF are

automatically launched.
3.6.1. Agent Communication

Agents can communicate with other agents regardless of their origin or in other words
the container or the platform. Communication is based on the asynchronous message
passing and the message format is fully compliant with FIPA as described on 3.3.2.
Asynchronous message exchange implemented in JADE is illustrated in figure 3-8.

5s rinG ge

;age

; =) .l . e AR .
‘./f/ Juidsdage taIAD K \\guidire cess 1t

Se].]d ﬂ]e message rust e iess>age 11
N A2’s message queue

Distributed JADE runtime

Figure 3-8: JADE Asynchronous messaging
3.6.2. Agent Behaviour

The behaviour represents the task that an agent can carry out; responding to the
external events. As illustrated in figure 3-9; the behaviour scheduling is in round robin
non pre-emptive manner. Therefore behaviour execution starts one after another and

second behaviour starts only after first behaviour complete.
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setup ()

- Imtializafions
- Addihon of imihal behaviours

Agent has been ki

cilled TES )
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pool of active behaviowrs
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b.action() { I .
Lo Agent “hife” (exaruhon of
l | behaviours)
.-"'"'F'—-_\-\--\""'\-\.\_\_
1—;\--\ b.done()? _—
""-\-._\_\_\_ _,_,-F""'-F

Figure 3-9: Agent Execution cycle [35]

There are exists several behaviour types and the hierarchy of the behaviour class is

shown in figure 3-10. This behaviour class allows scheduling the agent tasks as well
as managing the state transitions; starting, blocking and restarting.

Behaviour
CompositeBehaviour Simple Behaviour
/7t\ ———— CydeBehaViour
FMSBehaviour SequentialBehaviourr ParallelBehaviour * *
WakerBehaviour TickerBehaviour

Figure 3-10: Behaviour Hierarchy
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The agent behaviour can be blocked either calling block() method or it can be blocked
until limited amount of time passing. A blocked behaviour can resume the execution

when one of following conditions occurs;

e An ACL message received belongs to the behaviour.
e A timeout period expires.

e The restart () method call.

By having this blocking technique, it allows better agent control while scheduling the
multitasking [36].

3.6.3. Interaction Protocols

FIPA specifies set of standards for the interaction protocols as described in section
3.3.2. JADE has created role of initiator (agent starting the conversation) and role of
responder (agents engaging the conversation) successfully and all these roles
terminated and removed from the task queue once it comes to the final state [36].

3.6.4. Yellow| { Sarvice
Yellow pages.service allows agent i registe | other agent can
find suc ) g -11. The yellow

pages service in JADE is implemented using the special agent directory facilitator
(DF) which is launched automatically when time of launching of agent platform.
There are readily available the methods in JADE for successful agent registration,

publishing services and finding services [35].

Al: - serviceX
- serviceY

. | A2: - servicez
Publish
provide;
sepvices

Search for
required

A3: - serviceW
- serviceK
- serviceH

Yellow Pages service

Exploit required
service AG

»
>

Figure 3-11: Yellow Pages Service [35]
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3.7.  Hardware Requirement for JADE implementation

The following subsections contain the recommended minimum hardware required

to deploy JADE on a machine that hosts a JADE server.

e For 64-bit database server Intel dual core processor with 2 Ghz or faster.

e 2 Gigabytes RAM for error checking and correction, 128M bytes for each
JADE node.

e Available disk space of four times the expected database size allowing to
growth.

e TCP/IP network environment is required

e Data backup components (for example, a backup disk drive, tape drive, or

an optical read-write drive)
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Chapter 4

Proposed Solution
4.1 Basic Outline of the Proposed Solution

In this research main objective is to develop multi agent system for online voltage and
outage monitoring of the power distribution networks. Intelligent multi agents can be
developed as software agents for the system. Online voltage monitoring is the key
factor needed to be implemented to supply uninterrupted power supply to the users.
Outage monitoring of the system is helped to avoid wrong data processing and real
time monitoring of the required indexes such as SAIDI and SAIFI.

AMR system is used to read energy meters and record the meter data to central data
base (Figure 4-1). Real time voltage of the relevant energy meter was sorted out from
main data base and stored in to separate data base. The data base is very complicated,
so after studying the main power distribution networks, Partial area was selected from
Moratuwa Ngﬁ[l AMR metenissinghe System:;

e TCP/ IP
Oracle or Connectio
SQL n
(Main DATA |« AMR | ,I Modem For
base) Software Automatic
meter
reading
Breaker | Meter (AMR)
Area 7| Agent Agent
Network
agent \ Main office
database,

User

Figure 4-1 : Schematic Diagram of the whole data processing system.
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4.2 Proposed Clustering method for distribution network

Power distribution network is very complicated when considering the whole network
at once. This distribution network can be mainly divided base on the area network.
Each area network is consisted with more primary stations (Figure 4-2). As per the
power requirements of the bulk users, capacity of the primary stations is decided. It is
not possible to design a one Graphical User Interface (GUI) for one area network. The
GUI should be developed as user friendly environment. To implement this nature to
the project, Moratuwa Area network is divided in to three main clusters such as,
Moratuwa, Katubedda and Piliyandala base on the primary station.
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Figure 4-2: Primary Station of the Distribution Network
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4.3 Proposed Agent Architecture

Several type of agent architectures were proposed in literature, The agent architectures
can be divided into four main groups: logic based, reactive, BDI and layered

architectures [42].
1. Logic-based (symbolic) architectures.

It draws its foundation from traditional knowledge-based systems techniques in which
an environment is symbolically represented and manipulated using reasoning
mechanisms. The advantage of this approach is that human knowledge is symbolic so
encoding is easier, and they can be constructed to be computationally complete, which
makes it easier for humans to understand the logic [42].

2. Reactive architectures

It implements decision-making as a direct mapping of situation to action and are based
on a stimulus resnonse mechanism triooered bv sensor data. Unlike |0gic_based
architectures :th ol have; anry edhtvabsymbolic riadel andlth yre do not utilize

any complexsymbollic. reasoningf42])
3. BDI (

This is probably the most popular agent architecture. They have their roots in
philosophy and offer a logical theory which defines the mental attitudes of belief,
desire and intention using a modal logic. Many different agent-based systems have
been realized that implement BDI with a wide range of applications demonstrating the
viability of the model. One of the most well-known BDI architectures is the
Procedural Reasoning System (PRS) [42].

4. Layered architectures

These architectures allow both reactive and deliberative agent behaviour. To enable
this flexibility, subsystems arranged as the layers of a hierarchy are utilized to
accommodate both types of agent behaviour. There are two types of control flows

within a layered architecture: horizontal and vertical layering [42].

In horizontal layering, the layers are directly connected to the sensory input and action

output which essentially has each layer acting like an agent. The main advantage of
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this is the simplicity of design since if the agent needs n different types of behaviours,
then the architecture only requires n layers.

In Vertical layer architecture, the sensory input and action output are each dealt with
by at most one layer each The vertical layered architecture can be subdivided into one-
pass and two-pass control architectures. In one-pass architectures, control flows from
the initial layer that gets data from sensors to the final layer that generates action
output. In two-pass architectures, data flows up the sequence of layers and control
then flows back down [42].

Vertical layered two pass architecture is selected for this project considering the data
flow pattern between the agents (Figure 4-3). The agent architecture is important when
creating flexible and extensible multi agent systems. Agents of that can be explained as
below;

Data base agent :

Meter Agent

I

o

Breaker Agent

o

A"'

??Network Agent

€. Wnlng Agent

Agent
Figure 4-3: Proposed Agent Architecture
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4.4 Data Base Management

XAMPP is a free open source program which can be used database management with
MySQL. Open Source means, that it is possible for anyone to use and modify the
software. Anybody can download the MySQL software from the Internet and use it
without paying anything. it may study the source code and change it to suit as per
needs. Since computers are very good at handling large amounts of data, database
management systems play a central role in computing [12,[13], as standalone utilities,
or as parts of other applications. The database structures are organized into physical
files optimized for speed. The logical model, with objects such as databases, tables,
views, rows, and columns, offers a flexible programming environment. The SQL part
of “MySQL” stands for “Structured Query Language”. SQL is the most common

standardized language used to access databases.

Scalability and Limits

e Support for large databases. It can be used MySQL Server with databases that
contain 50 million records. It also has records that some users who use
I\/IyS@‘E.Server with 200,000.tables agd about 5,000,000,000 rows[13].

o Supp»dEIﬁ'__for up 1964 indexas per table (32 before MySQL 4.1.2). Each index
may consist of 1 to 16 columns or parts of columns. The maximum index
width is 767 bytes for InnoDB tables,

A database row represents a single, implicitly structured data item in a table. It is also
called a record. A column is a set of data values of a particular simple type, one for
each row of the table. The columns provide the structure according to which the rows
are composed. A field is a single item that exists at the intersection between one row

and one column

MySQL was used to develop following mentioned three tables to store required data

and agent status.

a. Meter voltage table
b. Breaker status table

c. Faulty meter recording table
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Chapter 5

System Implementation
There are several approaches were discussed in literature survey to develop multi
agent based system to address power distribution system fault isolation and network
reconfiguration. Multi agent based monitoring system is required for our distribution
network to analysis data collect from AMR system.

5.1 What is an Outage?

Outage can be defined as low voltage, line outage, and Breaker failure corresponding
downstream loads of the power distribution network. An outage can be caused by any
type of fault event happened to the distribution network. A long —standing problem
since the power distribution networks is introduced, outage detection and management
has been standard. As the country becomes more electrify, the society becomes more

dependent on electric power, and the economy of the country mainly depend upon the

power. \Whep: listribution; rQuEaDes] werehappened, econel loss and living
: 3%‘ ¥ & 5 . g @

standard wéief fost. [Digectoothecsharcegrsult faukts gnfihecdist on network, the

outages were-geturred betaude protactive! de ill automatically

isolate the faulty area. The loads downsiream of the protective devices will be in

outage.
5.1.1 Outage Monitoring

Monitoring of the outage area is key factor to identify the faulty area without delay.
Online data acquisition system should be cooperating with this system. Using the
gathered data fault location can be identified and the rectification time or restoration
time can be reduced. Also essential individual failure records can be maintain for all
customers and can be identified electricity pilferages. The Speed and accuracy of
outage predictions can be improved while reducing wasting time of the crew and
outage time. Through this monitoring, operational efficiency can be increased and
crew resources utilization can be optimized. Other major thing is customer satisfaction
can be rapidly increased through providing more accurate restoration time and exact

fault. Improve service reliability by tracking all customers affected by an outage.
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The complexity of this fault diagnosis problem arises and it is needed to deal with
continuous-valued data readings, and the uncertainties of those measurements are
generated by a fault. Fault localisation is trivial when a network component fails

completely, since all consumers will report a total loss of service.

in practice, and there are several complicating factors that arise from these faults: (1)
many types of fault cause a degradation of the quality of service received by the
consumers, rather than a total failure; (2) the extent of the service degradation may
vary between consumers; (3) even when there is no fault, there can be random
fluctuations in the quality of service due to external effects; and (4) at any time, there
can be more than one fault affecting the network. Thus, it needs a method that can
cope with these uncertainties and infer a set of faults that best explains the

measurement data.

5.2 System Model

It is considered a power distribution network as a tree structure. The power is supplied

from the primar tion,; and-dt is- dravw By-all, the, downstraam k It is considered
an outag 'f.oﬁ;e line tipmingowhenl indeats £ l0ssof thetoorre ing downstream
loads. An outage cafi¥be tatised by aity 'ty ggers protection

devices to isolate the fault.

An important problem in outage diagnosis is to locate a faulty component in a system
by analysing a set of available data from different parts of the system. Main problem
is located faults in tree-structured networks. Networks with a tree topology are widely
used in power distribution, where power is to be distributed from a central site to a
large number of consumers. The central site forms the root of the tree, while the
consumers are located at the leaves of the tree. In such a network, a fault in one
component of the network may affect all consumers connected downstream from that
component. By analysing measurements of the quality of service received by each

consumer, it can understand the location of faults within the network.

5.2.1 Topology of the Distribution network

In tree-structured networks there is one path from each node to the root of the tree.
Root, Node and connection should have identical notation method to identify the

nodes individually. Then all meters of the distribution network are named as
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M1,M2,M3...M;, ( n>0), All breakers of the network are named as B;, B, Bs,...B,
(n>0), and conetion between nodes or the root named as sectors and given the notation
as S1.5... Sp(n>0) (Figure 5-1)

m
Energy maters
M2
-— Bragkers
83
Sectors |
94 - G
Primary S1 ~\ §5
S — O—O0—0c
ation J/ <

Figure 5-1 : 11kV distribution network of Moratuwa North Area( Partial diagram)

In tree-structured networks there is one path from each node to the root of the tree.

Figure 5-2 shows a simple example of such a network containing eight nodes [14].

M1

PS

M4 M8

Figure 5-2 : Example of a Tree-Structured Network[12]

Consumers are attached to each of the nodes, and the distribution of power is from the
PS to the leaves, e.g., from PS to nodes M1, M2....M9. In general, a fault can occur at
any link or node in the network. However, since each node is fed by a single link, a
fault in a link is indistinguishable from a fault in a node. Consequently, it can describe
the fault diagnosis problem as a search for faults at nodes.

A fault at a node will not affect the distribution of power through the node to other
node; actual connection of the node to the power distribution network is not series

with other nodes. As an example M1 failure will not be affected to any other nodes
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because it is operation independent. If the failure occurs in the connection line (S1)
then that will effect to all other nodes directly.

Typical Electrical Distribution Networks consist of various types of electrical
components, interconnected by electrical lines. Power is input to the networks from
high voltage transmission lines at sub-stations [19]. The power is eventually
consumed, at a lower voltage, by customers or loads. When viewed in this way, an
electrical distribution network forms a tree topology, with the sub-stations at the roots
of the tree, and the loads at the leaves (Figure 5-3).

Power Supply
M1 M2
O
%LL!;* Net(tal ‘mhetefdrranoement 'of theld istribUtid twork
€A

o/

5.3 De uﬁfmr Iple tq Sub Trees

In article 11, they have introduced third party foreign sensors to the distribution
network and divided the whole network in to sub trees base on the sensor installations.
Sub tree categorised if the two adjacent sensors located series in the network and three

sensors introduce at the “T” branch.

In the Sri Lankan Distribution network, it is not worth to install separate sensors with
the MAS. Accordingly network divided in to sub trees base on the breaker
installations. ‘n’ number of breakers(Bn) can be decouple to ‘n’ number of sub
trees(Tn), where n=1,2,3,... n( Figure 5-4).

The condition of the adjacent next breaker to the power flow direction should be

considered as meter for respective breaker.
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Figure 5-4: Decoupling Logic Diagram for Distribution Network

5.4 Outage Hypothesis for Distribution Network in Sri Lanka

As explain very early of this chapter outages detected as the disconnected sectors
corresponding to the lines tripped by the breakers. For example, when we consider
single line outages in a tree with N Meters, there exist N +1 hypotheses to consider: H;

that denotes the trip of Meter M; 1131 H, ., that denotes the non-outage situation.
5.4.1 Deve'“i‘;‘ kng Hypothesis.asper the faults occur
‘ @: g Hyp P

Hypothesis dé\'/é'lopment is done for selected Moratuwa North area. This development
base on the meter voltage communicates through the AMR system. Accordingly

Meter on status represent from “1” and Meter off status represent by “0”.

1O

M1
Possible outages Hypothesis are M1 in “off” condition or M1 in “on” condition.

a). One Meter for Breaker

Accordingly following table is illustrated the relationship between the hypothesis and
the outage.

Table 5-1: Hypothesis relations for One Breaker and One Meter

Hypothesis Outage
Hi;y = 0 Breaker or Meter Fault
Hp=1 Meter Working
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b). Two Meters for One Breaker

M1 M2

There are two meter accordingly three (03) hypothesis can be developed. That will
illustrate three outages and one working condition of the meters as follows.

Table 5-2: Hypothesis relations for One Breaker and Two Meters

M1 Status | M2 Remarks Hypothesis
Status

0 0 Both Meters off H, = Bl off
0 1 M2 Off H,, = M1 off or M2 off
1 @ Unijaviofiol M

Gl |
1 l { BOihQn

1 1 1

c). Three Meters for One Breaker

Bl
|

O

M1 M2 M3

There are three meters exist, based on that it can develop 04 Number of hypothesis as
per the initial derivative of the hypothesis. Following table will illustrate all identified

relationship between hypothesis and the outage of the system.
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M1 | M2 | M3 Remarks

0 0 0 All Meters off

0 0 1 M3 On

0 1 0 M2 on

0 1 1 M2 and M3 on
1 0 0 M1 On

1 0 1 M1 and M3 On
1 1 0 M1 and M12 On
1 1 1 All on

Tab}ﬁg 5-3: Hynetbesis telafionkfon @ne Bréaket andldhree Meters

&

Hy&jﬁhesis Qutage

Hi1 = All Meters off B1 off

Hi, = one meter off One Meter Fault
His = Two meters off Two Meter Fault
His = All Meters On B1 on

d). Four Meters for One Breaker

According to above, it can be easily simplified the hypothesis for next connection.
When four meters were connected to single breaker then there are five hypotheses

exist as follows.
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Table 5-4: Hypothesis relations for One Breaker and Four Meters

Hypothesis Outage

Hi; = All Meters off B1 off

Hi, = one meter off One Meter Fault
Hiz = Two meters off Two Meter Fault
Hi4 = Three meters off Three Meter Fault
His = All Meters On Blon

e). ’n” Meters for One Breaker

When there are “n” meters connected to single breaker. All identified hypotheses are

categorised as follows.

I g{b{b Hvoothesis relations for'One' Breakerand < leters
Hi; = All Meters off B1 off
Hi> = one meter off One Meter Fault
Hi3 = Two meters off Two Meter Fault
H14 = Three meters off Three Meter Fault
His = Four Meters off Four Meter Fault
Hi(n (n-1) meters Fault
Hi(ne1) Breaker On
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5.5 Probabilistic Model for Network

Probabilistic approach for outage diagnostic is more important when consider about
the non availability of the sensors installed in the power distribution network to collect
the data from the outage area. In Sri Lankan power distribution network also do not
have deployed sensors, AMR system is functioning in selected area for bulk suppliers.
Accordingly outages should map with this available data to minimise the down time

and to have uninterrupted quality service.

Probability values of the single meter can be considered according to the number of
meters connected to the breaker. All meters have equal probability for failure.
Accordingly if there is one meter per breaker then probability of breaker faults if the
meter fault occurs is 100%. Then if there is two meter, probability of one meter off
and breaker to be off is 50%.

Accordingly,
if there
o
If “m” metcraugre fadli,
then prc

4.5.1 Probabilistic Tree Diagram

Three Meters for One Breaker situation considered for tree diagram to implement the

probabilistic values.

Bl
|

O

M1 M2 M3
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W- Working Meter
W
F- Faulty Meter
F
W
W
W <
W W
15t Meter | F F
— W
2nd Meter
34 Meter F

Figtreos5th: ‘Profabilstic' Tree-Diagram

Based on abg_\;fg_~'_tree diagram,.it can be concluded eight (08) probability values for

different typré'-o'i; failure options. Here n= 3 and m=1,2,3

Table 5-6: Meter status VS Probability

Meter Status Probability of Breaker to
be off

WWW (1/3) x 0 X 100% = 0%
WWF (1/3) x 1 x 100% =33%
WFW (1/3) x 1 x 100% =33%
WFF (1/3) x 2 x 100% =66%
FWW (1/3) x 1 x 100% =33%
FWF (1/3) x 2 x 100% =66%
FFW (1/3) x 2 x 100% =66%
FFF (1/3) x 3 x 100% =100%

Above all probability values can be concluded for four probabilities base on the equal

probability values as follows.
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Meter Status Probability
WwWw (1/3) x 0 x 100% = 0%
WWF , WFW, FWW (1/3) x 1 x 100% =33%

WFF , FWF, FFW

(1/3) x 2 x 100% =66%

FFF

(1/3) x 3 x 100% =100%

These values can be directed to the defined hypothesis conditions for three meter

situation with one breaker. Accordingly it can be mapped the hypothesis and the

probabilistic values in to one table and can be concluded the outage scenarios based

on the hypothesis conditions.

Table 5-7: Relation between Hypothesis and the probability

Hypothesis Outage Meter Status Probability of
- breaker to be off
Hip = All I\f;{’%rs oft B2'off R 100%
Hi, = one mewtel off One Meter Fault [WWF, WFW, FWW 33%
His = Two meters off Two Meter Fault WEFF , FWF, FFW 66%
His = All Meters On B1on WWw 0%

Four meter for one sub tree situation considered for more explanations.

@?‘?.

See table 5-8 for probabilistic combination related to this scenario. These all

hypothesis developments are very essential, when this implemented to real

distribution network. It will decide the final outage area based on this information.
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Table 5-8: Hypothesis prediction for four meter sub tree

Hypothesis | Meter Probability Breaker to be | Result

Status off
H1 1110 (1/4) x 1 x100% = 25% One meter fault
H2 1100 (1/4) x 2 x100% = 50%

0011
H3 1000 (1/4) x 3 x100% = 75% Breaker Off
H4 0000 (1/4) x 4 x100% =100% | Breaker off

Two breakéf%"g‘onsider at.once

M1

two sub trees separately. As an example, if only one meter fault from M1, M2 or M3
and another situation faults were happened only after the breaker B2. Then two sub
trees can be considered separately for evaluation. But if random faults happen in all
three meter then it have to consider one sub tree for B2 and another sub tree for B1.
Following different type of fault scenarios will be illustrated the situations can be

occurred. For calculation of B1 fault probability, first it needs to calculate B2

|—1? 'M?
o o &

This is different scenario; it can be divided in to sub trees when faults are occurred in

probability and then it condition consider as one another meter to the B1.
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Table 5-9: Hypothesis comparison for Two Breakers

Case Fault Hypothesis for B2 Hypothesis for B1 to
to be off (%) be off (%0)

01 M1=Red H1=25% (B20n) | H1=25% (B1 On)
M4=Red

02 M1, M2 = Red H1=25% (B20On) |H2=50% (B1On)
M4 = Red

03 M1, M2= Red H2=50% (B20On) |H2=50% (B1On)
M4,M6=Red

04 M1, M2,M3= Red H2 =50% (B20On) |H3=75% (B1 Off)
M4,M6=Red

05 M1, M2,M3=Red |H3=75% (B2Off) | H4=100% (B1 Off)
M4,M6,M7=Red

Case 01 — Based on the probability values of the breakers, it can be decided that both

breakers arg gl'rgand indjvidual faults-yvere happened.

Case 02- Aspm the probabilities and iypothesis B1 breaker should be “on” and B2

breaker should be “on” individual faults were happened.

Case 03 — As per the probabilities and hypothesis B1 breaker should be “on” and B2

breaker should be “on” individual faults were happened.

Case 04 - as per probabilities B2 is on and B1 off, this cannot be existed that mean B1

breaker failure is happened and B2 breaker is in good condition.

Case 05 — B1 Breaker is off, First it needs to check the B1 in actual situation and

system should restore then if there is a fault in B2 it will appear as a separate fault.
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5.6 Redefine probability with SAIDI

Here it considers equal probability for all meter failures for easy reference and to
present the situation properly. But when it considers about the area network topology

we can consider SAIDI value for (1/n).

Sum of Customer Interruption Duration
Total No of Customers Served

SAIDI=

Monthly SAIDI of the Network =N

Total Hour for Month =720
Percentage of Network Failure =N/720 = p
Breaker failure Probability = (p)" * (1-P) (L-n)

This can be implemented for the area networks when the SAIDI values are calculated

properly

5.7 £ trgﬁm pment

As desci t architecture is
consisted of five different types of agents. These agents were function as ghost agents
to the system because mainly this is monitoring package for voltage and outages of the
distribution network. Agent developments were considered mainly to simplify the
distribution network and to introduce scalability to the system. Simplifying of the
system gives easy outage monitoring and fault finding GUI for separate clusters of the
system. Scalability is introduced to include new breaker or meter to the system, then,
it is not needed to change whole program and while programming agent and set up

communication responsibility, then it can be started the functioning.

5.7.1 Data Base Agent

Data of the relevant meters to the power distribution network is currently collecting
through the AMR system. Data from the AMR system is linked to the main data base
of the system and it needs to analysis these data while sort out most important data
from the system. The main purpose of the development of this data base agent is

managing meter data and communicates these data in to the respective meter agents.
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This developed agent architecture should be applied for each clustered areas
separately. Accordingly one data base agent for each cluster should be developed to
manage certain meter agents. The flow chart of the Data Base agent is as follows.

Start

v

Search Registered Meter agents &
Add to System

A 4

A 4
Read Data from AMR System

v

Send Voltage Msg to all Meter Agents

)

Update voltage value to MySQL database

A 4

Yes If Msg =
Request

Data Request Msg from Meter Agents

Delav 30(.Seconds

Figure 5-6: Database Agent Flow Chart

Agent programming was done base on the Net Beans Java program, development of
data base agent was done . Here setting connection to the meter agent was developed
and the data passing to the data base was completed to start error reporting

calculations.

5.7.2 Meter Agent

Once the voltage was received from the data base agent, Meter agent has to check the
with the effective (specific) voltage range (Figure 5-7). The main purpose of
development of this meter agent is managed meter voltage with GUI and

communicates meter status to breaker agent.
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Start
v
Run Meter Agent GUI

¥
Register Agent Details, ID, Relative
Breaker, Cluster Name to Yellow Pages

HNe
etror

Check
Yoltage
Levels

Wait for Next Msg

€<—  Voltage from DBA

WVoltage error

Prepare & Send Msg for BA and ANA

Yes

If Msg =
Send MA status to BA Request Request Confirmation from BA

No
End

Figure 5-7: Meter Agent Flow Chart
5.7.3 Breaker Agent

Once the up@"tg from-meter. agent teceived, gheek the status of the meters and Check

the probabiliséie value, relevant to that;status of the meters and finally send feed back

to the GUI regarding the failure (Figure 5-8).

I Start I

Wait for Next Msg Error Voltage From MA

| Search DF Agent for all MA and Register |
v
[ Send Request MsgroanMA |

No
Waitfor Next Msg Error Voltage From MA

| Count Meters |
v
| Update Main GUI Status |
v
[ Calculate Breaker fault Probability |
¥
I Prepare & Send Msg to ANA |

Figure 5-8: Breaker Agent Flow Chart
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5.7.4 Area Network Agent

Main GUI for area network is functioned under this agent. Accordingly area clusters
were performed individually to monitor the outage area. Network updates have to be

carried out with this agent while faulty areas to be locate correctly.

Wait for Next Msg Error Voltage From MA

| Send Msg to Report Agent |
v
| Signal to Alarm Svstem |

If MSg=
Confirm

Waitfor Next Msg Status Msg From BA

Yes
Update Main GUI |

l
| Rim RA GUI I ] Run Main GUI Status —l

Figure 5-9: Area Network Agent Flow Chart
5.7.5 Reporting Agent

With the faulty message from the area network agent, reporting agent have to
managed separate database to update all faulty meter data. It is main function is to
monitor the down time and fault duration. Then it has to calculate measuring indexes

for respective meters and the network.
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Waitfor Next Msg Error Voltage From MA

| Send Msg to Report Agent |
v
| Signal to Alarm System |

If MSg—
Confirm

Wait for Next Msg Status Msg From BA

Yes
| Update Main GUI |
|

| Run RA GUI | | Run Main GUI Status

Figure 5-10: Reporting Agent Flow Chart
5.7.6 Alarming System

Once the Area Network agent received the faulty message it will send a signal to the
alarm systemifp start buzzee: vAccordinglyceantroltoomrogdetatde gan be easily
recognized tﬁ:}aulty ofthe lsystem (Fighre5511)).

ST-::H‘T

v

Received the signal from ANA

Mo

Yes

Store the value

v

On Buzzer
¥
—> Reset Button on

W
Off Buzzer

Figure 5-11: Alarm System Diagram
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5.8 Multi Agent System Main Process

The whole process after the fault occurs is summarised to the flow diagram shown in
figure 5-12.

Fault Database Agent DF Agent

Info Protocol 1
Meter Agents
Query Protocol
Breaker Agents

Info Protocol 2

Area Network Agent

Reporting Agent

B Eiccrronic 1t

Figure 5-12. Fault Processing Diagram
Once the fault occurs in the system, data will be sent to data base through the AMR
system to the Data base. Then Database Agent will start his process to through info

protocol 1 to inform to all meter agents. For that he has to find out his ration agent

registered with the system. The protocol; is shown in figure 5-13.
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Dota Bose Agent DF Agent Meter Agents
' INGUARY
|
REFUSE
AGREE & RESPOMNSE
linform
N— =
REFUSE

>

oagres & responsa to BA

Figure 5-13: Info Protocol 1

After message was received from the Database Agent Meter Agent checks his current

status by

respective R
e

(figure 5-14).

niv el‘rsrtv 0
giaring the volta

gg actroitic 1
€r Agent, This cammynigation is handled through the Info Protocol 2

ue an

&P ]5 |s’ au |t would informed to the
CSEeS ISSGI‘TH OIIS

Breaker Agent

DF Agents

agres & response to BA

Figure 5-14: Info Protocol 2
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If the Breaker Agent needs any voltage confirmation from the Meter Agent he will
query it through protocol shown in figure 5-15.

Breaker Agent Meter Agents

|:| INGUARY m

REFUSE

[

TS

s M
4
AGREE & RESPOMSE
ﬁ’* Figure9-15:Queryr-Protacol

Breaker Ageatwill calculate theiprobakilistic value for failure and sent it to the Area
network Agent and then he will inform Report agent 1o start monitoring of failure time

duration. This will be done through the report protocol shown in figure 5-16.

Area Metwork
Agent

|:| Foult Info L

Report Agent

4 _
D Data Raquast Doto Prooassing :
REFUSE
4 -

AGREE & RESPFOMSE

Figure 5-16: Report Protocol
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5.9 Data Base Management

The XAMPP use as a free open source application to combined with Microsoft
windows as a web server. This is used to handle MySQL data base components.
MySQL is the world's most popular open source database. It is a Relational Database
Management System (RDBMS) - data and its relationships are stored in the form of
tables that can be accessed by the use of MySQL queries in almost any format that the
user wants. As a initiation step it needs to start the Apache server to run these

programmes (Figure 5-17)

[5] 3AMPP Cantrol Panel v3.2.1 [ Compiled: May Tth 2013 ] |2 | [se]
XAMPP Control Panel v3.2.1 - confg
Madules ) Metstat
Service Module  PID§) Porti)  Actions [ & Netstat |
>y 5744 :
EJ Apache 5136 80, 443 I Stop ‘ [ Admin ‘ I Canfig ‘ I Logs ‘ & Shell
®| MysaL 5302 3306 [ Stop | [ Admin | [ Config | [ Legs | | Explorer |
%] Filezila 4485 2114147 [ Stop | [ Admin | [ Config |[ Logs | | = Sewices |
Mercury Start Admin Canfig Logs @ Help
el f 1 f 1T 1 -
Tomcat Start Canfig Logs [ Quit
| | miti aligipm o dules -
] Statting Theck-Timer
] TontrolBansl-Feady
Al it star Agachexapin

1. Atternpting to start My30L app.g.
Y¥Evatuehange/datacted:. iikking

] Status change detected: running
[ ] Attempting to start FileZilla app...

2:55:04 P [filezilla]  Status change detected: running

m

o w aww

Figure 5-17: XAMPP Control Panel
a). Meter Voltage Table

Develop a database to keep current record of the meter voltage ( Figure 5-18). This
was developed mainly to maintain separate voltage table from all other data focusing
on voltage monitoring of individual bulk customers. Based on this data voltage value
plotting, recoding voltage fluctuations and getting feed back to voltage error table was

done.
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a@m‘ httpi/flocalhost/phpmyadmin/#PMAURL-2isql. php?db=jadeprojectéitable=meter valtagefisera O + € X

H 0.0 » @ jade e » @ mete age
phpMyAdmin |~ EEEESR) il aild il i
DB OG0 [E] Browse 4 Structure | [f SQL 4 Search 3¢ Ins
(Recent tables) ... E‘
| cdcol .
_| information_schema + Options
—T— = MeterlD Voltage FLAG

&7 Edit F& Copy @ Delete M01 230
o Edit % Copy @ Delete M02 230
&7 Edit % Copy @@ Delete M03 230

47 Edit 3¢ Copy @ Delete M04 235
&7 Edit 3¢ Copy @ Delete M05 | 240
<7 Edit %t Copy @ Delete M06 240
o7 Edit 3 Copy @ Delete MO7 | 240
.7 Edit 3 Copy @ Delste M08 | 150
o7 Edit 3 Copy @ Delete M09 | 242

&7 Edit §Copy @ Delete M11 |0
o7 Edit %t Copy @ Delete M12 | 240
<7 Edit %< Copy @ Delete M13 |0
+7 Edit %< Copy @ Delete M14 D

1
1
1
1
1
1
1
1]
1
o Edit ¥¢ Copy @ Delete M10 200 0
0
1
0
1]
&7 Edit ¢ Copy @ Delete M15 0 0

S A o O R o R

Figure 5-18: Voltage Table
b). Breaker Status table

Main purpose of this data table is to maintain current status of the breakers to keep last

i

_ staths‘ﬂf Sreal heehbrd [ iHOUR this tatd i EAihot update next status
ectr%gl%'l‘hescs & Dissertations

w ww.l ac.lk

ml_ hittpi/f ocalhost/phpriyadmin/#PAURL-4isql phpidb=jadeprojectiitable=breaker_statusdisern O ~ € X| i localhost / 127.0.0.1 / jadep.., %

phpMyAdﬂ'Ilﬂ — = 0.0.1 » @ jadeproject » [ brea
DABOO)E [=] Browse G4 Structure | [ SQL | 4 Search = ¥& Insert [ Export |5} Import | 4
(Racent tables) =]

| +# Showing rows 0 - 4 ( 5 total, Query took 0.0010 sec)

| cdeol
J information_schema SELECT *

_| jadeproject FROM *breaker_status’
- mysql LIMIT 0, 30

_| performance_schema

| webauth Show : Start row: D Number of rows: Headers every rows

+ Options

—T— + Breaker_ID Status
&7 Edit 32 Copy @ Delete BO1 OM
7 Edit #iCopy @ Delete BD2 ON
&7 Edit 3¢ Copy @ Delete BD3 ON
7 Edit ¥ Copy © Delete B04 ON
7 Edit % Copy @ Delete BOS OFF

Figure 5-19: Breaker Status Table
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c).Faulty meter recording table

Meter fault data should be recorded separately to calculate the SAIDI, SAIFI values
for relevant network. Based on that Meter number, date and time of the failure and
the duration of fault has to monitored (Figure 5-20).

a )|l tp: /1o calho st/ phprmyarmin #PMAURL -6 31 phpTdb=jadeprojertistable=meter_voltage.eror 0 « & X || 4 tocalhast £ 121001/ jadtep.

php B c7127.0.0.1 » @ jadeproject » [ meter_voltage_emors
o Ee e [l Browse 34 Structure [] SQL 4 Search 3¢ Insert [ Export =} Impos
(Recent tables) [~]
ol Show : Startrow: | 0 Number of rows: |30 Headers every | 100 rows
+—_1 cdco
“§1- ) information_schema
) jadeproject + Qptions
# ) mysql

MeterlD Voltage Date Eror Time Emor

¥ performance_schema

% G phpmyadmin M14 246 |2012-12-12 07:00:00

@B test M14 220 2012-12-12 07:00:30

F— ) webauth M14 250 2012-12-12 | 07:01:00
M14 220 2012-12-12 | 07:48:08
M4 221 2012-12-12 | 07:50:03
M14 220 2012-12-12 07:53:15
M14 223 |2012-12-18 07:13:17
M14 247 |2012-12-18 07:17:08
M14 220 2012-12-18 | 07:18:13
M4 221 2012-12-18 07:19:39
M14 246 |2012-12-18 07:2027
M4 221 2012-12-18 | 07:20:58
M14 220 2012-12-18 | 07:21:28
MO1 (247 |2012-12-21 22:42:40
MO5 222 [2012-12-21 22:42:40
M0s 220 20121221 22:42:41
M09 250 2012-12-21 | 22:42:41
MO5 222 |2013-01-06 11:38:44

Figure 5-20: Meter fault data Table

5.9 Systq‘r%ﬁul‘\/lodelImplementation
15

It is very ifhﬁbrtant to/rwalidatentihersystem running condition for selected area.
Accordingly demonstration model was constructed to collect voliage values and

individual meter failures from the system.

5.9.1 Features of the demonstration Board

Maharagama area network was selected to develop the demonstration board

(Figure 5-21). Following key components use for development.

a). Toggle Switch
1. To represent the individual meter fault
2. To represent breaker on, off conditions
b). Potentiometer
To fluctuate the voltage
c). LED Bulb

To represent the individual meter working conditions.
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d). Data Acquisition
Use Arduino Mega 2560 board, to communicate real time data through USB port to
computer. Use “PLX-DAQ” software to upload data to data base.

Jniversity of Moratuwa, Sr1 Lanka.
Fledigws 524 Remonstystion Boarth

>  www.lib.mrt.ac.lk
5.9.2 Communlcatlon to Computer

Arduino is a tool for making computers that can sense and control more of the
physical world. It's an open source physical computing platform based on a simple
microcontroller board, and a development environment for writing software for the
board. Arduino can be used to develop interactive objects, taking inputs from a variety
of switches or sensors, and controlling a variety of lights, motors, and other physical
outputs. Arduino projects can be stand alone, or they can be communicated with

software running on computer [18].
a). Features

e Schematic design of the open source development interface free
download, and also according to the needs of their own changes

e Download the program is simple and convenient.

e Simply with the sensor, a wide range of electronic components
connection (such as: LED light, buzzer, keypad, photo resistor, etc.),
make all sorts of interesting things.
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The development of language and development environment is very

simple, easy to understand, very suitable for beginners to learn.

b). Performances of Board

Digital 1/0 0~13.

Analog 1/0 0~5.(R3is 0~7)

Support ISP download function

Input voltage: when connected to the USB without external power supply
or external 5 v

output and external power input.

Atmel Atmega328 micro processing controller.

Arduino size: width of 70 mm X high 54 mm

c). Data Acquisition from ARDUINO board

Use PLX—D%Qﬁ_softvvare 1o ‘doWwnload data from Arduifio boardto-data base.

Following feétﬂres arevavailable (Riglra5-22)

Plot or graph data as it arrives in real-time

Record up to 26 columns of data

Mark data with real-time (hh:mm:ss) or seconds since reset
Read/Write any cell on a worksheet

Read/Set any of 4 checkboxes on control the interface
Example code for the BS2, SX (SX/B) and Propeller available

Baud rates up to 128K
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H =

HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW geeth bodhinayake -
% cue Arisl Ju A = S Wrap Text Number F D Eim By [ Tt v A
" ” ar o2, B Y E e
T S Pormatpointer (BT Wt E - & A = MereCenter - $ 096 0 T e Tabas syese oo T8 Gl iter~ Selnce-
Clipboard ) Font ) Alignment i) Number i) Styles Cells Editing ~
6 PRODUCT MOTICE Excel hasn't been activated. To keep using Excel without interruption, activate before Wedne sday, Spril 08, 2015. Activate
BL - S| om v
A B c D E F G H | J K L ] N o P el R s [=
1] 132:29 [ 1 m2 M3 [ ms 3 M7 M8 B1 B2 B3 B4
2 1:32:29 0.00 0 a a a 0 0 0 a 0 0 0
El 1:32:32 240,00 240 240 240 240 240 240 240 1 1 1 0 for Excel
4 1:32:35 240,00 240 240 240 240 240 240 240 1 1 1 0 Control
5 1:32:38 0.00 1 i 240 240 240 240 240 a 1 1 0
5 1:32:41 0.00 0 [i] 240 240 240 240 240 [i] 1 1 0 ,’; l()l‘::‘?::::; -
7 1:32:44 0.00 0 a 240 240 240 240 240 i 1 1 0 st
a 1:32:47 240,00 240 240 240 240 240 240 240 1 1 1 o rort ] 3~ Flusez
3 1:32:50 240,00 240 240 240 240 240 240 240 1 1 1 0
10 13253 240,00 240 240 a a 0 0 0 1 0 1 0 Baud: [ 15200 | Reset Timer
11 1:32:56 240,00 240 240 0 0 0 0 0 1 0 1 0 e —
12 1:32:59 240,00 240 240 0 0 0 0 0 1 0 1 0
13 1:33.02 240.00 240 240 240 240 240 240 240 1 1 1 0 v Reseton
14 1:33:05 240,00 240 240 240 0 0 o 0 1 1 1 0
15 1:33:.08 240.00 240 240 240 0 0 0 0 1 1 0 0
16 1:33:11 240,00 240 240 240 240 240 240 240 1 1 1 o
17 1:33:14 240,00 240 240 240 240 240 240 240 1 1 1 0
18 13317 240,00 240 240 240 176 240 240 240 1 1 1 0
13 1:33:20 240,00 240 240 240 177 213 240 240 1 1 1 0
20 1:33:23 240,00 240 240 189 177 213 107 240 1 1 1 0
21 1:33:26 240.00 240 240 229 179 221 95 240 1 1 1 0
22 1:33:29 240,00 240 195 229 179 221 95 240 1 1 1 0
23 1:33:32 126.00 240 197 231 160 223 % 240 1 1 1 0
24 1:33:35 122.00 240 196 230 179 22 95 240 1 1 1 0
25 1:33:38 123.00 240 196 230 179 2 9% 240 1 1 1 0
2% -

Simple Data_|  Simple Data with Plots | Interactive Bar Graph

Figure 5-22: Data Acquisition table for Database

5.9.3 Synchronize model with system

Developed model was synchronised to computer database and then it configure to the

Real time Data
Update

4

Serial Port
Communication

Net Beans
Software

Physical Modal

run the QU s Figureronadd)rSas:figurs Ar 15far.model

Update individual meter
data
Run real time GUI

Figure 5-23: Synchronize Physical model and Agent System
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Chapter 6

Results and Discussion

Using the hardware and software mentioned above, several experimental test runs
were conducted to verify the system performances as well as to identify the
improvement points. Two type of validation method were considered. One system was
considered with the automated random value generation and other system was
considered with design physical model and synchronizes with the agent system.

6.1 Agent Communication and Data Management

Meter voltage and current readings were updated to the relevant agents and the data
base for meter agents, breaker agents and reporting agent were updated instantly when
data received. This data were received related to the AMR system as explained in
above chapters. Function of the data base agent can be validated through both methods

of data recelvmg Especialythrough! thel physical modél, it ¢antbe proved that one the

"hange the real Value ofthe’meter’ agent thange accordingly.

Meter Agents were registered in yellow pages with their duties( Figure 6-1) and Agent

communication was established to have proper data processing system.(Figure 6-2)

DF df@localhost:1099/JADE- DF Gui == R <=

General Catalogue Super DF Help
Bh & BB Pooel

| Registrations with this DF | Search Result | DF Federation |

Agent name Addresses Resolvers
MAT@localhost1 0990JADE hitpigeeth-PC P FTaMaCE

MAZ@localhost1099/JADE hitp:ineeth-PC: 77T RMACE
A1 @localhost1 099/0JADE hitp:Wgeeth-PC: 777 8face
mMagElocalhost1099/080E hitpigeeth-PC PP TErace
MAE@Iocalhost1099JADE hitp:igeeth-PC 7P arace
MAdlocalhost1099/JADE hitp:ineeth-PC:FF7RMGELE
MASE@localhost10990JADE hitp:igeeth-PC: 77T EMaACE
mMa2E@localhost1099/0A0E hitpigeeth-PC PP T&ace

Status

Figure 6-1: Meter Agent Register in Yellow pages
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& snifferi®localhost:L099/IADE - Sniffer Agent = )|

Actions  About

_5 elclm oo

¢ B2 AgentPlatforms

CLo,., O
¢ B3 Main-Container

ANARIocalhos
@ BAI@IOCAIND3
DE. Ihos)
@ mai@iocalhos INFORMI1¢ )
MA2E ocalhos|
@ MAa3@localhos ||
RA@locahost| | PROPOSEf (age ) N
ams@locaihos| || REQUEST:4 (55 5-
di@lncalnost 1| |, FORM:-1 (
rma@localhost | . INFORM:4 85 988 5
@ sniffer0-on-hia

REQUEST:S (5.0 5.0 )
16 RSy

snifferDg@localt ;| RECNESTS (G0 51 )
8 REQUEST:5/5.0 7.2 )
AGREES (5.0 095 4 1) R

1a
INFORM:S (50 088 F_1)

|»

REQUEST:1 (54 &
INFQRM:1 (5.4 309 F.4

@ w4 oo m

INFORM:-1 (

L INFORM:-1 {
10

20

. AGREE:S (510 095 7.2)

22

29

26

[4]

Figure 6-2: Agent Communication

6.2 Flexibility of the Multi Agents
a). Adding new meter to the system.

This is very important advantage. When a multi agent system was introduced, a new

meter it only, needed to register in yellow pages and. then all other communications
) N
will be setdp™d

jtomatically. with the tnulti @oent.system: MMenitoring GUI and the
Report GUI&%_Eféuld hevmanlalynehangedland added physical meter to the GUI. All

other communications is shown in figure 6-3.

‘ snifferl@localhost:109971A0E - Sniffer Agent
Actions  About

eelm

7 £3 AgentPlatiorms
.. | N N
¢ B3 Main-Container . !

B AMA@iocahos - INFORMA (27 710 57 ) ‘

B BAI@incainos| | | INFORM () "

B DBEA@localhos N " IHFORM -1

Mal@localnos | M [ mroamlic

Maz@localhos| |
= PRDPUSE_Me bl >

i) ® REQUEST (58 58

B Ra@localhost 1a INFORM:A (5|8 824 5.8 ) »

B ams@localhos 1s FORMIC

B dri@localhost 1 1 AERiEETa e ol

B rma@localhost i REQUESTA@ 0 2 [ 3

shiffer0-on-Ma - " REQUEST:S[4 0 52

snifferO@local . AGREES (4.0 292,401
o AGREE:5(4 0 892 5.2 >
o AGREE:S (4.0 884 3_1) >
s INFORM:S (4_0 g17= 0y
s INFORM 5 (4]0 817 5.2 1 >
24 INFORM S04 0 919 £ 1) » NeW
25
20 Meter
27
= INFORR: )]
20 & INFORM:-1 (
20 * INFORM:}1 3
- FORM:-1 [ >
32
s PROPOSE:Z (age | 3

] | Il | ‘ » o REQUEST:E(11 11 3

Figure 6-3: New Meter Agent communication
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b). Change meter properties

It is possible to change the meter properties with the system. As an example in
figure 6-4, first MA2 connect to the BA1 and having communicated changed his
breaker to BA2. Accordingly MAZ2 is started the communication with BA2 and

proceed the decision making process.

Actiors  Aboul

¥ HHE eem R

¥ B2 AgertPiatforms

T T Tl sy
& @ Main-C A -
0
i 3 | e Cags |

=} o
=] - FROPDSE
= B o
B = |
g : o REQUEET:3(1 2 1 0
REQUEETF{1 2 4.4 )
= REQUEET 311 -~
: e
B = AR oo
Be MFCIRBA (1 )
B R 1
g 5 MFOFM 3 (1 [or]
3 ...-l;:’ 3013 Oe o)
ok CETOER - K
AGREES (1. 008 4,13
FORM (1 1
First Communication
L | REQUESTAGZD a2 3 | |
with BA1 I | mFOAMA 30 719 200 | | 2|
e ] i TR - T
Second Copfiication | ] : ‘ } o
with BA2 3 B —

Figure 6-4: Meter Agent Property change

6.3 Remote Monitoring Interface

There were few interfaces developed to monitor the voltage and the outages of the
distribution network. These interfaces run with real time data of the physical model

and outages can be monitored through the GUI.

a). GUI for Clustered Area network

This GUI is essential to simplify the whole area network into small areas and monitor

the important part of the distribution network ( Figure 6-5)
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Moratuwa North Arca Network

Moratuwa Katubedda Pilvandala

Moratuwa | - | | Reports

Figure 6-5: GUI for Area Network

According to the faulty area system control monitoring person can popup the required
cluster by just clicking on the respective button. Major advantage of this is that it can
be flexibly modified to any other area easily. One area office will get this GUI with all
clusters were represented into buttons.

b). GUI for Clustered Area

Individual Gggg are designedfar eachrand,every cluster. IMaratuwa GUI( Figure 6-6)
: S | . ;
is run with tResautomaticallyogenerated datacand the GU HfonmKatubedda (Figure 6-7)

area is run inthrthe physical sistéml odel.

. Meter . Breaker Sector Load Current Status

Figure 6-6: GUI for Moratuwa Cluster
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| [olle e

Figure 6-7: GUI for Katubedda Cluster

c). failure notification

This is very important to the user at the control room, he may no need to make
attention all the time with the clustered GUI. 1t is very time consuming and not

essential whifelthis fudétiofwas yurning C(Figure 8-8)IAladming system is introduced

with the bL}

gr easytdehtification'of the fault Withd it 168K at the monitor.

=

Moratuwa North Area Network

Moratuwa Katubedda E

‘Muratuwa ‘v‘ ‘ Reports

Figure 6-8 : Failure Notification
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d). Voltage Graph to check failure rectification

This is very important to monitor individual voltage of the relevant meter, if there are
frequent voltage drops or outages. It can easily be recognised the failure time and the
reconfigured time of the system ( Figure 6-9.)

— a—
| £/ Moratuwa Narth Area ; MIL =3 =R
Moratuwa North Area : MO1

3:54:10
3:54:15
23:54:20
3154:25
3:54:30
3154145
3:54:50
23:54:55
3/55/00
3:55:05

Figure 6-9: Meter Voltage Graph

6.4 Fault Meter Record Updating

Error reporti%}?database monitaced threughdthe reparting lagent and it would update
frequently vvlth ‘the réal’ time ‘data’ (Figure 6-10). It is more essential data to show
customers about the system refiabiiity and the avaiiabiiity of the distribution network.
Based on this it is very convenient to calculate SAIDI and SAIFI values of each
distribution network effectively and accurately. Using these data, the power output
quality of the individual area networks can be compared and it can be added to

monitor as KPI value to each network.
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==

ABOD e [Z] Browse 34 Stucture [] SQL - Search

i localhost/ 127.0.0.1 /jadep...

3¢ Insert & Export 5} Import ° Operations ® Tracking | % Triggers

(Recent tables) [] 5 ) - - ) ]
., This table does not contain a unique column. Grid edit, checkbox, Edit, Copy and Delete features are not available

+ | cdeol
1| information_schema « Showing rows D - 27 ( 23 total, Query took 0.0010 sec)
4 | jadeproject
S ) mysal
1) performance_schema SELECT *
T *| phpmyadmin FROM " meter_voltage_errors”
S test LIMIT 0, 30
) webauth

+ Options

Show : Start row: 0 Number of rows: | 30

MeterlD Voltage Date_Error Time_Error

M14
M4
M14
M14
M14
M14
M4
M4
M14
M14
M4

246
220
250
220
221
220
223
247
220
pral
246

2012-12-12 | 07-00:00
2012-12-12 | 07-00:30
2012-12-12 |07:01:00
2012-12-12 07:48:08
2012-12-12 | 07:50:03
2012-12-12 | 07:63:15
2012-12-18 |07-13:17
2012-12-18 07-17:08
2012-12-18 07:18:13
2012-12-18 07-19:39
2012-12-18 | 07:20:27
2012-12-18 | 07-20:5

[JProfiing [ Inline ] [ Edit ] [ Explain SQL ] [ Create PHP Code | [ Refresh |

Headers every | 100 rows 4

Blcloe el

[clehaElaicl e o

)

4/20/2015 |

Figure 6-10: Data base for Error reporting

6.5 Power Quality Measurements

Power quality measurement standards can be identified as CAID! SAIDI and SAIFI

of the systeni..

ae AvetragentgrrgpiemButation Index (CAIDI)

CAIDI=

Sum of Customer Interruption Duration

Total No of Customers Interuptions

ii. System Average Interruption Duration Index ( SAIDI)

SAIDI=

Sum of Customer Interruption Duration

Total No of Customers Served

iii. System Average Interruption Frequency Index (SAIFI)

SAIFI=

Total Number of Customer Interruptions

Total Number of Customers Served

Based on the user request it can be generated separate reports for above mention

indexes to compare the individual customers and the area network performances.
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First select the clustered area name and press the report button (Figure 6-5) to have
initial report window (Figure 6.11A).

Then Click on the Chart button to have a voltage graph (Figure 6-9), and click on
CAL index button to see Figure 6-11B for power quality indexes values. By clicking
on the CAL area network same window will be appeared with indexes values

reference to the area network.

Moratuwa Down Time Report

MO1 ' Chart M01 | | CAL Index ‘ M09 ‘ Chart M09 ’ | CAL Index |
Mo02 ’ Chart M02 | ‘ CAL Index ‘ M10 l Chart M10 ’ | CAL Index |
MO3 ’ Chart M03 | ‘ CAL Index ‘ M11 ‘ Chart M11 \ | CAL Index |
Mo4 ' Chart M04 | ‘ CAL Index ‘ M12 l Chart M12 ’ | CAL Index |
MO05 ' Chart M05 | | CAL Index ‘ M13 ‘ Chart M13 ’ | CAL Index |
MO06 } Chart M06 | ‘ CAL Index ‘ M14 l Chart M14 ’ | CAL Index |
mMo7 ‘ Chart Mn7 | | CAl Index ‘ M5 ‘ Chart M15 ‘ | CAL Index |

wt Jnfversityof-Moratuwa, StiJ.anka.
Electronic Theses & Dissertations

VIV Hg'w’i mrt ac -

Figure 6-11A : Power quality measurement indexes

Sum of Customer Interruption Duration
CAIDI = = 4855
Total No: of Customers Interruptions
Sum of Customer Interruption Duration
SAIDI = = 243
Total No: of Customers Served
Total No: of Customers Interruption
SAIFI = = 0.050

Total No: of Customers Served

Figure 6-11B : Power quality measurement indexes
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6.6 Case Study

This case study is carried out within one primary substation; it was implemented to
Maharamaga area network. There are 34 meters and 10 breakers were considered and

attached to one primary station. (Figure 6-12).
Normal voltage rating = 230V

6% variation allowed from public utility commission and therefore it can be varied
from 216 V to 244 V.

Maharagama Area Network

M34 = M33 = M32 _-T-_ M29 = M28 = mz27

| M26

| 0 ati
MO7 = l | _!
\ iy
Moa M16 = M15 mM21

Figure 6-12 : Maharagama Area Network

Voltage meter reading data was collected from LECO office as tabulated in Table 6-1.

Table 6-1: Collected Data set arrangement

Date
Time
02/06/2015 03/06/2015
00.30 Data Set 1 Data Set 4
10.30 Data Set 2 Data Set 5
18.45 Data Set 3 Data Set 6
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Above data sets were collected to represent off peak time period, day t

ime and the

peak hours of the day. These voltage readings were plotted in line graphs in

Figure 6-13 and Figure 6-14. After analysing, four different cases were identified to

evaluate from agent base monitoring system.

Casze L: High“oltage

Voltage of Meter Agents 02/06/2015

High Voltage Level

/

——voltage Setl
i LU A7 —altnge Set 2
%
=

voltage Set 3

— el value

1
210 - / ( — High Voltags

—gw Voltage

Low Voltage Level

1234567 F 9101102130415 06171809 2021 22232425262728293031323334

fir
S

1? Figure 6-13 7 Graph for voltage datd on 02/06/2015

300 7

Case 2

250 7

High Voltage Level

— A/
-

200 P‘&WQD
; Case 02- Low Voltage
150
_g Ioltage Set

Voltage set

100 - v

voltage Set
] ] Low Voltage Level Refvalue
50 1T TN\ pad g | T e

. | |

1 2 3 4 6 7 8 9 1011121314 1516 8 19 20 21NQ2 23 24 25 26 27 28 29 30 31 32 33 34
Meter

/ AN

Case 03- Branch Failure Case 04- Individual Failure

Figure 6-14 : Graph for voltage data on 03/06/2015
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Case 01: Monitoring of High Voltage Area

As shown in Figure 6-13 high voltage was occurred close to the primary station. First
four meters were deviated from accepted voltage variation (Figure 6-15).

Case 01 -High Voltage

—4—NMO01
—l—MO02
=== NM03
—<—Mo04
235 High Voltage Level
il 2 3 4 5 6
Data Set

Figure 6-15 : voltage data for Case 1

Above variations were not monitored through data analysing and it is difficult method

to sort out | , tant data from huge.a data hase-.. .If the agent base monitoring system

was implenj; 8fl, valtage, variation.can. e seen in graphical user interface as shown

S

in Figure 6-16.

|2 === <

Maharagama Area Network

Figure 6-16 : GUI for Dataset 1(02/06/2015 @ 00.30am)
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High voltage failures cannot be recognised with the conventional method and has to
be waited until the customers raised the complained about the high voltage. Most of
the bulk customers implemented high voltage tripping conditions only allowing 5%
variation from original. In that case individual power failures would be occurred for
those customers until the voltage rating was rectified by power utility company. Very
important case is if the customers not implemented tripping conditions that would be
very critical and can be faced for serious damages for very high expensive and

important equipment.

With the monitoring system, instantaneous update can be figured out from GUI
(Figure 6-16). Based on this control room operator can check the actual voltage
readings from the database. With these values utility company can access the
consumers before he make complain. It would help to explain situation and increase
the loyalty to the customers. If frequent high voltage situations were identified then
transformer settings can be changed as per the situation. It was observed that most of
high voltage situations were occurred at the off peak time. With these information,

maintenance geam cap be:dicected to the correct failure location without delay.

Case 02: Memtoring of Low Voltage Area

As showii in Figure 6-13 and Figure 6-14 low voliage cases can be identified at end of
the area network. Last two meters were faced, this situation as per data set 6 collected
on 03/06/2015 at 16.30pm (Figure 6-17).

Case 02 -Low Voltage

——\132
== \33
M34
205 Low Voltage Level
1 2 3 4 5 6
Data Set

Figure 6-17: voltage data for Case 2
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As per the present practise, customers will not be recognised the low voltage until the
electrical appliances get damaged or not functioned. Identification of low voltage area
is difficult, this has to be carried out few selected locations to cover full area network.
Few points close to primary station and middle area and the end lines of the network
will be checked by maintenance staff for identification. This scenario has to be
conducted for few days before final decision to be taken.

When the monitoring system is functioned, GUI will be updated instantaneously as
shown in Figure 6-18. Based on that low voltage area can be identified effectively
and this was happened at the peak hours of the distribution network. Immediate
decisions can be taken to overcome these situations by adjusting transformer setting

values or changing power flow directions.

L] = [
Maharagama Area Network
h]‘_q _ri —A‘AT,. 29T M28 T M27
1 l
! M26
= M24
B_-FMM_M02_M03_MU44-;H1U_M11_M12F}M22_M231M25
M5 M13 M17
[ | ]

Mog M14 M20
mMo9 M6~ M15 M21

Figure 6-18 : GUI for Dataset 6(03/06/2015 @ 18.30pm)
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Case 03: Monitoring of Branch Failures

This case was shown in Figure 6-14, Voltage of meter no 06 and 07 were zero this can
be happened due to breaker failure of the communication failures of the system. This
scenario was happened throughout the day on 03/06/2015 (Figure 6-19). This was a
failure in that branch.

Case 3- Branch Failure

300
250 re re ry ————9
o 200
[Ta] \
£ 150 +—MO5
=]
=~ 100 —m—MO06
50 MO7
0 P % u—
1 2 3 4 5 6
Data Set

Figure 6-19 : Voltage Values for Case 3

These kinds Qf failures cannot be figuredraut.and.control roomwill aware about this
with the cus@r complatnsdiroudniielephone Calls: Brieak @awn handling team has

to be fmdmg aut possibie Failure focation. by experience or checking all components.

If the monitoring system were implemented then GUI would indicate the failure
location correctly (Figure 6-20). Based on that break down rectification time can be
reduced by reducing the fault finding time by directing the maintenance team for

correct location effectively.
B (ol e

Maharagama Area Network

Figure 6-20 : GUI for Dataset 4(03/06/2015 @ 00.30am)
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Case 04: Monitoring of Individual Failures

Individual meter reading errors, communication errors, faulty meter incidents and
actual individual power failure can be categorised to this scenario. As per data set 5
shown in Figure 6-21 and the voltage of meter 17 was zero at 10.30am on 03/06/2015.

Case 4- Individual Failure
250 .7 — ‘ ¢ F —

[1F]
=14}
g Lt \ / —M16

v == M17
0

Data Set

Figure 6-21 : Voltage Values for Case 4

Proper methods to identify these scenarios were not implemented and the consumers

would infor“ii{’?o cohtfelvEdittrer By telephidHa Veall. >Wher 'monitoring system was

5 ;
| s |

implemente@; fvidual~case wil showi th*GUI1 as shown~in“Figure 6-22. If these

situations are occurred for several data readings, Break down team can be directed to
rectify this or to identify the failure mode. If this is a communication failure, that can
be rectified without any delay within the system. If it is occurred as the meter fault,
meters can be calibrated using these data. Otherwise meters were checked once a year
and calibrations were done on that time.

Iz ={EE

Maharagama Area Network

M34 = M33

Figure 6-22 : GUI for Dataset 5(03/06/2015 @ 00.30am)
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Chapter 7

Conclusions

7.1 Conclusions

Energy meters are generated various tiny data packets at various frequencies which
used to calculate energy consumption to produce the bill, study the power quality and
fault identification. In AMR, these data were pushed into the main server database and

analysed and data monitoring is not implemented properly.

Due to non availability of the voltage quality measurement and outage monitoring
system, all outages were recorded as a telephone complains to the customer care
centre. According to that information, technicians are attended to the breakdown.
Time calculation for the outage was monitored through this information flow. Due to

this unusual method measurement of power quality indexes are inaccurate. This is

overcome with the system hv calculating real faultier time for each customer.

The vol 3§quc meas ents..of the gnd- user can.be lized if there is
frequent jltﬂ_é:ge QP within. the _system age and outage
monitori is critical when

considering the line augmentation of the network. This is developed through the
voltage monitoring at the end of the line and emphasized through the calculated

voltage drop through the power line.

Defect meters are identified at the stage in the manual meter reading. This
identification is localized to the control system through this outage monitoring system.
When it is considered about the whole network system it is more complicated to figure
out the outage breaker of the system. Outages are happened individually and also for
whole area. If it is total blackout for specific area it can be figured out the faulty point

just monitoring the GUI for respective area network.

The objective of this research is to develop an agent based voltage and outage
monitoring system for power distribution network using Multi Agent System.
Voltages and outage monitoring is done by introducing separated GUIs for system
functioning with different agents. Agent system is introduced to have scalability and

to reduce the complexity of the network.
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Development of agent system is involved with existing Sri Lanka power distribution
network configurations. There are five agents defined and introduced to act as
software agents for physical components. Agents are defined as the Data Base Agent,
Meter Agent, Breaker Agent, Area network Agent and the Reporting Agent. Agents
are designed in the JADE frame work and the goals and the behaviours of each agent
are implemented with layered architecture. This full agent system is run with the data
base management system implemented with the MySQL free open source software.

In this research as a first step, data is generated automatically and conveyed to the
database to function the agent system. Based on these data agents are functioned and
achieved their objective as explain in chapter four and five. Voltage updates to the
meter agents are done through database and the individual functions of the meter
agents are completed to communicate with main GUI. Based on that, Main GUI for
individual clusters is functioned as explained in section 5.2 of chapter five. If there is
frequent complaint from the customer about the voltage quality and frequent voltage
fluctuations then it can be easily monitored through the introduced voltage graph.
Voltage tha jective~customer thas, Lo, call, frequently.1an n be separately
plotted a irﬁéin el variations;

Power quality 1 d also for each
cluster separately. Based on these data it can be identified the customers those who
have frequent voltage fluctuations and can be find out the problems encountered with

distribution network.

Main four scenarios were identified with this case study done in Maharagama area as
high voltage case, low voltage case, branch failures or individual meter failures. By
analysing these scenarios with the agent base monitoring system, it can be concluded
that control room operator can directly handle maintenance team and direct them to
correct fault location that can be established. Frequent high voltage areas can be
monitored and suggestions for transformer setting changes can be implemented. This
can be implemented four low voltage cases. Individual meter faults can be identified

and meter calibrations can be arranged with instant notification.
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Distribution system augmentations can be done with this voltage monitoring system
by identifying low voltage area correctly. Requirement of new transformers or
upgraded the transformer to higher level can be identified. Power flow direction
changes can be implemented to overcome the low voltage area and to avoid the high
voltage situations.

As explained in this dissertation, agent based monitoring system for voltage and
outage monitoring was developed for the betterment of the distribution network

functions.
7.2 Future Developments

In this research is developed to handle the data which is coming from the AMR
system, but it needs to synchronise the physical meter with the virtual or ghost agent
in the computer to communicate directly and collect data upon the agent requirement.
When the whole distribution network is functioning as SMART grid, these agents

have to communicate with the svstem phvsical agents’ function the fault isolations,

restoratic 1d: dentification:
These devel@g&'GUIs can be linked to wab another agent to
function se and the GUI

updates easily and can be directed the repair team for exact location of fault occurred.
Also it can be introduced one repair agent who can be linked to power restoration
process and maintain all repair records of each meter and then can be accessed earlier

faults and the correction techniques done for particular fault.
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