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ABSTRACT

Centralized automated single server based energy meter reading systems required
high-end resources, at the same time it has low efficiency benefits, low reliability and
real time meter data monitoring get more complex when the connected meter base is

large.

Therefore objective of the research is to provide a methodological approach for
energy meter reading systems to apply for the Sri Lankan context using de-
centralized technique. Agent based solution was implemented with Multi Agent
System (MAS) to address above issues and the system is characterized de-centralized

nature and self configurable nature.

Low cost, high reliable, high efficient meter reading system is provided by MAS

based decentralized system
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1 INTRODUCTION
1.1 Multi Agent Systems

Multi Agent Systems (MAS) become more and more powerful for real world
applications which must meet the demanding need of higher and increasing
complexity as well as retaining the integrity of the system. To achieve such
requirements, it becomes almost impossible for traditional software design
techniques to maintain the integrity of the system as well as keeping the functionality
of the system as needed. Multi Agent Systems is a developing field of software
where it becomes possible to achieve for such difficult tasks. MAS allow us to do
tasks which were previously impossible or impracticable with well known software

designs.[1]

As a software application more complex, it becomes more and more
vulnerable to failure as a result of component breakdowns. Thus it requires extreme
amounts of attention to control the growth of the application in order to maintain the
integrity ©f the systemycifowiaven,| ih/eah) tvorid) applicdtion; kthe situation differs
widely agmgbuomcs pvermiore diffiade fo predidtStheIdeimporniént which may fail in
advancc..lt .bccomes highlyUproductive lto reduce the amount of work done by a
single component of a system. If explained further, the amount of task specialization
should be at a minimum, and the logic of a certain task should be distributed

throughout the system.

So, one would question the purpose of distributing the application logic and
not dedicating a separate component to do a specific task. Reasons are as

follows,[1][2]

1) As mentioned, when a system grows, it becomes highly subjected to
errors and the frequency of error encounter increases drastically. But such
large systems have a high degree of importance to the people. Therefore,
a failure of a critical resource of the system may lead a very high number

of people without the availability of the application.



i) When a component is dedicated a special task, all actions which require
the service of that dedicated component must query that server in order to
accomplish the task. If that dedicated service cannot be catered the input
at the desired rate, this dedicated service becomes an application

bottleneck. Thus reducing the total application’s productivity.

iii) If the scenario is further analyzed, it would be found that such a service
cannot be constantly increased without the upgrading of critical service
components. Eg: Suppose a Database (DB) server. If the number of
request to the DB server is increased by a huge value, it needed to
distribute the load amongst another DB server to cater the application
demand. Otherwise, it would not be able to get the required performance.
Therefore, the system cannot be expanded without caring about the

critical services improvement.

1.2 Multi Agent Systems for Meter Reading

sn meter redding and“analysing ‘systéms*tonsidered: it required highly

v/ h . - h . g .
complexagystems which require to real time operdtion. Tf the practicability of using
MAS for such complex meter reading systems considered, it becomes clear that the

uses of MAS functionality gives greater flexibility to handle such difficult task.

1.3 Overall Objective

Overall objective is to build a Multi Agent System which would enable us to
have some collaboration with energy meters, as a whole, to read all meters real time
with more reliable and more efficient manner. In other words, distributing the meter
reading task in to multi-distributed systems in dynamic manner and getting the result

simultaneously is aimed.

1.4 Can Theoretically Reliable System be Achieved with MAS?

According to the features of MAS, even though single component is failed,

the whole system is get affected, because the duties of failed component is taken over



by another similar working component in run time. In other words reliability of the

whole system get improved.

1.5 Can Theoretically Efficient System be Achieved with MAS?

According to the features of MAS, the whole task is distributed among
several smaller components multi-located in network. As each component has a
limited task and they are operated simultaneously, it reduces the time to carry out

whole task. In other words efficiency of the whole system get improved.

1.6 Would Associated Cost Become an Issue?

When a power distribution utility is concerned, there are many offices located
everywhere in its operating region. The several small agent components can be
deployed into the PCs which are already been used without introducing any
additional cost to the system In other words any dedicated high-end resources are not

required to run the system.



2 LITERATURE REVIEW
2.1 Principal Approaches of Meter Reading System

There are several approaches to develop real time meter reading systems. This
chapter reviews the different technological approach and their importance and the

performance.

2.1.1. Centralized approach

Basically the centralized system works as a simple client/server mechanism. The
Client/server computing systems are comprised of two logical parts. A server that
provides services and a client that requests services from the server. Together, the
two form a complete computing system with a distinct division of responsibility.
More technically, client-server computing relates two or more threads of execution
using a consumer producer relationship. Clients serve as the consumers in a client-
server system. That is, they make requests to servers for services or information and
then use the response to carry out their own purpose. The server plays the role of the
produurﬂlmw data ‘or serviee requests made by clients [3],[4]. In a centralized
structure One or five servers running central location and the meter data is fed to the
servers t01 processing. The centralized system architecture is illustrated in figure 2.1.
This type of system is well developed system for small scale power system. When

the distribution system becomes large, following drawbacks to be faced.[5]

The main sever system is expensive since high processing power with high-
end resources are required.

Software which has high sophisticated optimization algorithm is required as
system optimization software.

Expensive fast communication systems need be used.

Additional cost on good redundancy system.

The entire system can be failed as a result of single point break down
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Figure 2.1: Centralized Meter Reading System Approach

2.1.2. Decentralized approach

Basically it is more similar to centralized approach. For a large scale meter base,
meters can be clustered into several groups and download meter readings separately
and after processing, processed data will be sent to the central monitoring system. In
Figure 2.2 it illustrates the decentralized system architecture. This type of system is
well developed system for medium scale power system. When the distribution

system becomes large, following drawbacks to be faced.

The main sever system is expensive since high processing power with high-

end resources are required.



Software which has high sophisticated optimization algorithm is required as
system optimization software

Expensive fast communication systems needed be used between main
monitoring system and sub systems.

Additional cost on good redundancy system.

Single failure in a system lead to total or partial failure.
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Figure 2.2: Decentralized Meter Reading System Approach

2.1.3. Mobile agent approach

A mobile agent is an executing program that can migrate during execution from
machine to machine in a heterogeneous network. On each machine, the agent
interacts with stationary service agents and other resources to accomplish its task.

Mobile agents are particularly attractive in distributed information retrieval



applications.[6] By moving to the location of an information resource, the agent can
search the resource locally, eliminating the transfer of intermediate results across the
network and reducing end-to-end latency. Mobile agents as described here visiting
each meter and executed on the embedded web server checking the status and
reading the power consumption value, encapsulating this data and move to visit
another power meter. In Figure 2.3 the mobile agent system architecture is
illustrated. This type of system is well developed system for large scale power
system. But when considering such system  that the each meter should have
embedded micro web-server and it should capable of hosting this mobile agent and
has the required and enough functionality of handling the mobile agent’s issues

including security, fault tolerance and not cost effective to have such high-end meter
[71(8].
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Figure 2.3 Mobile Agent Meter Reading System Approach



2.1.4. Available multi agent platforms and theory

Large scale implementation of agent systems requires frameworks, methodologies
and tools that support effective development of agent systems. Historically the main
obstacle in agent and multi agent system development used to be the infrastructure
which refers to supporting environment where agents can communicate and achieve

their desired goals.

Nowadays many agent development tools and platforms of different quality and
maturity are available and have been employed for different applications. There is so

far no consensus about which tool is best for agent development.

Various agent toolkits are analyzed in depth including their strengths and

weaknesses.

2.1.4.1. IBM-Aglet

IBM-Aglet is an environment for developing mobile agents based application in
JAVA. It is an open source freely available toolkit. It provides good graphical user
interface ég% agent-development. It mamly comprised of-two ‘packages The Aglet
BuildingSEi#yironment- dnd' 'the ‘Agtet“Wotkbenelr 9] “Agiet' tworkbench aims at

developingstand alone mobite agents.

Aglets are basically java objects comprising of two major components namely Aglet
Core and Aglet Proxy. Core is holder of all the internal variables and methods of an

agent. Proxy acts as an interface to the core.[9]

Aglet server is an application program that works as agent server for aglets. It
provides users with a good GUI and allows users to create an agent, monitor it and
dispose it off when required. It gives user the ability to set agent’s access privileges
on the server. For an aglet to move to a remote host, it must have server installed on
it, and it solves some of the security problems. The Agent migration is implemented
using socket mechanism. Communication among agents is achieved using
synchronous and asynchronous message passing.[10]

Although Aglet platform has wide user acceptance but it doesn’t provide much

security. Its security is knitted in the concept of restricting transfer of aglets only to



its own servers. Due to lack of security, state of aglets can’t be stored on any other
host.[11] No such method is provided by this tool. Scalability is another problem,
since aglets are not interoperable with other platforms or their agents, due to their

restriction of working with their own server.

2.14.2. Voyager

Voyager is a simple powerful technology for creating mobile agents in Java. It was
an improvement over already existing platforms like Aglets, Odyssey, Concordia etc.
which only allowed developers to create agents and launch them into a network to
fulfil its mission. But none allowed sending messages to a moving agent, which
made it difficult to communicate with an agent once it has been launched and also for

agents to communicate with other agents.[12]

It treats an agent like a special kind of object which can move independently and can
continue its execution while moving around. The agents can move autonomously in
the network. It allows an agent to send and receive Java messages to and from other
agent, even while traversing the network, irrespective of its position in the network.
Whencv@ agent moves, it. leaves behing, a forwarder object which forwards the

messag8i#oats new location.f11]

Voyager provides flexible life spans for agents, the agent’s life span can be changed

flexibly as required.

An agent can live until it has none local or remote references.
Agent can live for a certain amount of time.

It can live for a particular point in time.

It can live until it remains inactive for a specified time.

An agent can live forever.

Another attractive feature of this tool is its support for directory service, which is
particularly important in launching a mobile agent from one application to another
and for locating an agent after it moves to some other location in the network. Its
directory structure allows creating and connecting network directories together to

generate a large interlinked directory structure.



Voyager supports weak mobility of agents using Remote Monitoring Interface (RMI)
technique. It allows objects to be mobile using Virtual Code Compiler (VCC). VCC
utility accepts any .class or .java file and produces a new remote enabled virtual
class. This virtual class is used in further communications with that agent. Agents use
“moveTo()” function and a callback function for migrating to a remote host. On
reaching new host, the agent retrieves the callback function that it sent and resumes

its execution.[13]

Voyager has an associated server called ‘voyager’ but it’s not necessary to have such
server installed on all nodes in the network. Due to this reason agents created using
voyager are provided restricted access on the host servers. Thus provision of agent

and host security is weak in this tool.

2.1.4.3. Anchor

Anchor facilitates the transmission and secure management of mobile agents in
heterogeneous distributed environments. This toolkit is having (Berkeley Source

Distribution) BSD style license. Its architecture comprised .of an agent viewer

3 interface, Agent’ARI, Anchorgserver, Anchor. security manager (ASM)
! é_s loader (ACLy), secure agemnt transfer protocol (SATP) handler, Anchor
Java Namﬁig Directory Interface (AJNDI) and Anchor Java Native Interface (AJNI)

components. In Figure 2.4 shows the architecture of the Anchor framework.[14]

ANCHOR
(pure Java)

|
|

Agent Viewer I
Agent APls :
|

|

|

|

|

Anchor Server
satp
AINDI | pondler ACL ASM AJNI ;
|

___—-————-——-————-:J;;a— ____________ T Akenti

Access

satp _Control |
TCP/IP

Figure 2.4 architecture of the Anchor framework

10



Agent model in Anchor is based on that of Aglets. Agents are java objects capable of
migrating in the network. Agents are created in contexts, where context is a
namespace under which agents are grouped together. Agents are accessed through
their proxies, which protect the agent from any attempt of direct access to its code
and methods. Also it provides location transparency to agent which means an agent
is represented in a machine even if it has migrated to some other machine in the

network. All messages to that agent are forwarded to its location through its proxy.

Agent server in Anchor is a run time environment which acts as backbone of this
toolkit. It runs on a host and works on a specific port. It performs all system related
functions. Anchor server supports the agent migration through SATP. Security is a
major concern in this toolkit. Mutual authentication between agent systems is
established through secure socket layer (SSL). Agents are authenticated by signing

their byte codes with their private keys.

Akenti is an access control system designed to ensure controlled access of
distributed resources. This component uses Public key infrastructure. Access control

decisionséa{ae, made-usihg digitally-signed-certificated based-on' X:509 standard.
s/

Integl‘zltibg‘bf Akenti.component. in -Amchor provides it strong security. Anchor
provides a_ naming service through which every agent can register and publish its
current information. It also provides a directory service to enable effective searching
of agents. Agent viewer component supports features like creating an agent, its
dispatch, retraction, disposal, activation and deactivation and also cloning of an

agent.

2.1.4.4. Zeus

Zeus is an integrated environment for the rapid development of collaborative agent
applications. It is open source freely available toolkit. It is purely implemented in
Java which makes it compatible with most hardware platforms. It also complies with

FIPA standards. In Figure 2.5 shows the architecture of the Zeus framework.

Zeus provides support for generic agent functionality and has sophisticated support

for the planning and scheduling of an agent's actions. It provides a set of software

11



components and tools used to design, develop and organize agent systems. It has
good graphical user interface and embedded components like report generation tool,
statistical tool, agent and society viewer tool etc. which help in observation of
application under development. Also it allows the designers to use different

negotiation techniques for testing implemented agents.

Communication among agents is performed using Agent Communication Language
(ACL) or Knowledge Query Manipulation language (KQML). Communication
security is provided using public key, private key cryptography and digital signature
technologies Major drawbacks of this toolkit include lack of support for agent
mobility and its weak documentation which leads to difficulties in creation of new

applications.[15]

(_lugrnl Noame Ser l.rr“

- :;::;:T J

i MESSAGE

'u Transport Protocol

Figure 2.5: Architecture of the Zeus Framework.
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2.14.1. JADE

JADE (Java Agent Development Framework) is a software Framework fully
implemented in Java language. It is development of multi-agent applications based
on peer-to-peer communication architecture. It simplifies the implementation of
multi-agent systems through a middle-ware that complies with the latest Foundation
for intelligent physical agents (FIPA) specifications. It provides a set of graphical
tools that supports the debugging and deployment phases of agent development. Jade
permits the intelligence, information & resources to be distributed over the network
in the form of java compatible mobile devices like PDA, pagers, cell phones, smart

phones, laptops or fixed desktops etc. [1]

In JADE an instance of run-time environment is called a container, as it holds all the
agents created in it. Collection of such containers is called a platform and it provides
a homogenous layer which hides the complexity of underlying hardware & software
from agents and their developers. It is compatible with J2ME, J2EE & CLDC. Its
low memory requirements make it suitable for mobile devices. In Figure 2.6

illustratqﬁ}ﬁ\ée architeotuY&6 BYADB Iframework]
:;’( \ ¥

- ey wy v b omrtac e
m e

T

QaDT  Of cache
—| I — PLATFORM
T [

Figure 2.6: Architecture of the JADE Framework
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Every container in JADE comprises of Directory Facilitator (DF) agent, Remote
Monitoring Interface (RMI) agent & Agent Monitoring System (AMS) agent. Here
the agents can discover other agents dynamically using DF agent & can

communicate with each other using peer-to-peer paradigm.[16]

In JADE agents communicate using asynchronous message passing technique which
is most widely accepted model for distributed and loosely coupled communications.
JADE preserves the security of agents by providing strong authentication
mechanisms to verify rights of any agent. Messages exchanged among agents
comply with Agent Communication Language (ACL) defined by FIPA. JADE
supports execution of multiple parallel tasks within the same java thread. This feature

ensures scalability as well as meets resource constraints of environment.

It supports agent mobility by allowing an agent to transfer its code as well as its state

to remote hosts. JADE Object Manager provides connection authentication, user

validation and RPC message encryption. The Jade socket proxy agent acts as

bidirectional gateway between a JADE platform and an ordinary TCP/IP connection.

Intel‘opcggb;i%{jty istan'attractive’ feature''of JAPE fsinée'it-1§FIPA compliant. Thus
ca

agents \Gpeaed in' JADE Yan' ‘interoperate Swith other ‘Agents, following the same

standards~Also it supports complex interaction protocols like contract net protocol

for facilitating complex multi-agent applications.|1 ]
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3 SYSTEM DEVELOPMENT
3.1 Conceptual Design

The main components of the multi agent based meter reading system (MRS) are
given in the Figure 3.1. As illustrated in the figure, the MAS consist of three types of
agents namely Database Management Agents, Meter Access Agents and Meter
Monitor Agents. The combination of those three types of agents creates the multi
agent system application and it communicates with the physical meters via wireless

GPRS connectivity.

MAS

Database Management Agents

Physical Communication
Meters driver Meter Meter
. Access Monitor
Wireless
Agents Agents

&l | cobrmweysitof Maratuwg |
{ETHE | troush-GRRS 1| ;

Figure 3.1: Main Components of MRS

3.2 Physical Meter Base

Current Transformer (CT) operated Poly Phase Meters (PPM) which is complying
with DLMS specification is used for the implementation of the system. Hence the
meters are complying with DLMS specification, those follows IEC standard for

meter communication. The meters support for GPRS communication.

3.3 Communication Driver

Communication driver is developed to establish communication between MAS and
physical meters through GPRS communication. Communication driver was
developed based on IEC standard. IEC 62056-42(Electricity metering - Data

exchange for meter reading, tariff and load control - Part 42: Physical layer services

15



and procedures for connection-oriented asynchronous data exchange), IEC 62056-21
(Electricity metering — Data exchange for meter reading, tariff and load control —
Part 21: Direct local data exchange) and the IEC 62056-42 (Electricity metering data
exchange - The DLMS/COSEM suite - Part 6-1: Object Identification System
(OBIS)). Figure: 3.2 illustrate the typical physical component diagram described in
IEC 62056-42. And the Figure 3.3 illustrates the component diagram of physical

implementation.

COSEM client COSEM server

DCE DCE

. , Transit nerwmh I

OTE to DCE DCE to DTE
ITU-T V serias ITU-T ¥ series
ElA RB232 RS4B5 ElA RS232, RE485
Tzt Haves. efc..

2t gure, 3CCTHPicACP 3 TIN e0hfigtrati b S HIHC162056-42

i \
P Netvy __J

Meter with GPRS Modem

PC with GPRS Modem

Figure 3.3 Component Configuration Physical Implementation

3.3.1. Methodology of Communication Driver

Initially socket communication tunnel is created by communication driver. After

handshaking with the meter, the meter number is sent by the communication driver



as the device address for the identification process. Hereafter meter reading
command is sent to the meter and gets the required meter reading and the socket
communication tunnel is closed. Figure: 3.4 and Figure: 3.5 illustrate the block

diagram of communication protocol describe as in the IEC 62056-21
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The communication driver developed according to above mention protocol using

JAVA programming language. The programming code given in Appendix A and

Figure 3.6 illustrated the driver develop for communication.
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3.4 Multi Agent System

MAS consist of three types of Multi Agents namely Database Management Agents,
Meter Access Agents and Meter Monitor Agents. In the below sections it will
illustrate into the depth of the agent types used, their behaviours to achieved desired

target. Each agent type has its own responsibilities and capabilities.

3.4.1. Meter monitor agents

Meter Monitor Agents is the top manager of a meter reading system. Its main

responsibilities are as follows,
Main responsibility is the generating optimum plan for Meter Access Agent.

Listening Meter Access Agents and get the followings
o Respond time
o Work load Data
o Availability
Calculate gptimum meter assignment for the Meter,Access Agent based on
;%Vcd data.
Se;d.thc new:plan for,Meter Access Agents
pro_\'iding data to end applications
Main function of this agent is to generate optimum plan for the meter access agents
based on data which sent by them dynamically. This process is describes in the
Figure 3.7. Calculating algorithms which can be used for that purpose are listed

below.

* ™ agent in attempt “k” = Ty

o Respond time of “X’
o Number of jobs competed of “X” " agent = k

K k—10 Tx (k)

o New respond time of “X” " agent = Ty(k+1) = -

o Work load of “X” ™ agent= L,
o Number of agents = n

(Lnew+Xy=1Lx) X3=1 Tx(k+ 1)

NTx(k+1) D=1 Lx

o New work load “X” ™ agent Ly =

o Total estimated time T =7 Txx+1) Lxk+1)
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Figure 3.7: Bock Diagram of Monitor Agent Behaviour
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3.4.1.1.  Methodology of Meter Monitor Agents

The Meter Monitor agents have several behaviours to complete it responsibilities.
Those behaviours listed below.

Meter Assigning Behavior
o This is used to generate meter assignment plan.
Meter Pickup Behavior
o This is used to get the meter information from Database Agents.
Meter Reading Pickup Behavior
o This is used to get the meter reading form Meter Agents.
Notify Meter Assignment Behavior
o This is used to assign meter to Meter Agents.
Meter Agent Pickup Behavior

o This is used to get the available meter agents.

The Meter Monitor Agents using JAVA programming language in JADE environment.
The programming code given in Appendix B and Figure 3.8 illustrated the Interface

developgg;,ﬁgr Monitor Agent.
&3

3».‘4;_-2'. Metex accessiagents

Meter Access Agent is the second most important agent of a meter reading system.

The process of Meter Access Agents are describes in the Figure 3.9.
Its main responsibilities are as follows,

Main responsibility is accessing meters and getting required data according to
the plan send by the meter monitor agents.
Look up for available monitors
Inform Startup and present work load
o Respond time
o Work load Data
o Availability
download the meter reading according to the plan

Send the collected data
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34.2.1. Methodology of Meter Access Agents

The Meter Access Agents have several behaviours to complete it responsibilities.
Those behaviours listed below.

Assignment Pickup Behavior
o . This is used to capture meter reading plan send by the Monitor
Agents
Notify Meter Reading Behavior
o This is used to inform downloaded data.
Notify Shutdown Behavior
o This is used to termination of the agent.
Notify Startup Behavior

o This is used to inform startup of the agent.
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The Meter Access Agents using JAVA programming language in JADE
environment. The programming code given in Appendix C and Figure 3.10

illustrated the Interface developed for Meter Access Agents.

| ng M‘EtE‘TI@CEBMRE_: 099/ ADE

Meters Messages

10,10.10.1 Starting behaviours... o=
Searching for monitors.. =
Informing startup to monitors.. =
Searching for monitors..
Informing startup to monitors..
Searching for monitors..
Informing startup to monitors..
Searching for monitors..
Informing startup to monitors..
Searching for monitors..

= = _ Shutdown

vy L]

Figure 3.10: Meter Access Agent Interface

3.4.3. Database agent

Database Agent provides meter information to other agents running in meter reading
system. The process of Database Agent are describes in the Figure 3.11. Its main

responsibilities are as follows,

Main responsibility is to synchronize distributed database and provide meter
information to other agents running in meter system

Look up for available monitors

Look up for available database

Inform startup

Provide meter data such as serial number ,IP, etc agents running in meter

system
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3.43.1. Methodology of Database Agents

The Database Agents have several behaviours to complete it responsibilities. Those
behaviours listed below.

Monitor Discovery Behavior

o . This is used to find available Monitor Agents.
Notify Meter Reading Behavior

o This is used to inform meter information.
Data synchronous Behavior

o . This is used to synchronize the database.

The Database Agents using JAVA programming language in JADE environment.
The programming code given in Appendix D and Figure 3.12 illustrated the Interface
developed for Database Agents.
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Figure 3.12; Database Agent Interface

5.5 Overall System Architecture

Meter reading system runs with the collaboration of meter monitor agent, meter
access agent, data base agent and meter communication driver. Figure 3.10 illustrates
overall system architecture. Meter monitor agent is the main control agent in the
system. It is located the sites where meter reading monitoring is required. Meter
access agents are distributed everywhere in the utility computer network. Data base

agents are also distributed everywhere in the utility computer network.

When meter access agents are running, its availability is broadcasted. Then meter
data downloading plans for access agents are created by meter monitoring agents and
sent to the available meter access agents. According to that plan meter access agents
retrieved meter accessing details, such as meter communication IP addresses, meter

serial numbers etc. Then meter access agents connected to the relevant meters and
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data downloaded through meter communication drivers. Then downloaded data will

be sent back to meter monitoring agents.

According to the response time of meter access agents, meter accessing plans will be
optimised. This system facilitates to share the duties of meter access agents in which
was collapsed while they are working, among the other working agents. In other
words the overall system is not affected, although several meter access agents

collapsed.

As data base agents spread throughout utility network, this system itself work as

redundancy system.

Power Company Servers and
Managment System

—al

H=Semetile gener

- Meter Access
Power Meters Agent
WNote:
Connections between
meters and Meter Access
Agents are dynamic

Power Meters Meter Access
Agent

i

Power Meters — e
Offices

Figure 3.13: Overall Meter Reading System
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4 SYSTEM IMPLEMENTATION AND RESULTS
Western Province North is divided in to 6 areas (Gampaha, Kelaniya, JaEla,
Negombo, Divulapitiya and Veyangoda) for administrative purposes. Statistical data

and geographic demarcation of Western Province North is mentioned below.

45‘?-&;; Geographical Western
‘, . Demarcation Province North
Wﬁ'} ﬂ%’\ Electrified Houses 465,010
b AN,
){ < e Land area 1421 km®
- . [h
]i}lf x'u‘_,; E:—.J ! Population 2.5 Million
WEsummml:m JI' Ok -
Narth 'rg Lo 4 Households 492,878
i '
RN | r;' Bulk Consumers 1379
b L v%.}f,f?
\L--‘_‘r\nr"-‘-d-_.'

Figure 4.1: Statistical Data and Geographic Demarcation of Western Province North

Thon | t undrg , ity 1 e installed in
that cng"“ate 1. Out,of t iX hpndred angd fe >d meters are
therc Tu;:;e bulk_consumer meters ir ber of DLMS
spec bul e Table 4.1.

Table 4.1 . Number of Bulk Consumer Meters Installed

Number of bulk Number of DLMS specified

Area consumer meters | bulk consumer meters

Gampaha 108 63
Divlapitiya 120 69
Veyangoda 124 71
Negambo 306 230
JaEla 339 43
Kelaniya 382 165
Total 1379 641

For testing purpose the system was deployed in Negambo area. DLMS specified bulk
consumer meters (230) in Negambo area were read through this system. A captured

snap shot of Monitor agent when downloading meter reading is illustrated in Figure



4.2. The number of access agent in the system is varied at a time and required data
downloaded and meter access delayed time measured. A captured snap shot of
delayed time measurements when one meter access agent running is illustrated in

Figure 4.3.

I

Maszage received from sgent: resding@i 0.217.8—
agent readngEn021 752521090 A 0E
ogent: readngEr0.2 175352109004 08

Message received rom agent: readingd! 0.217.5
Adiing agenl: readngErI0.217 57521099408

University of Moratuwa, Sri Lanka
Electronic Theses & Dissertations— =
www . lib.mrt.ac.lk™ =

I

iEﬁEEEEEEU
Gupeas

IreaaingE 001 7. 525 B 1099/ SADE

Figure 4.2: Monitor Agent when Downloading Meter Reading
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RBeply from Meter IP:10_.217.5.35 Delay Time: &307ms Msg byte:4417
Reply from Meter IP:10.217.5.53 Delay Time: &330ms Msg byte:4087
Reply from Meter IP:10.217.5.13 Delay Time: &315ms Msg byte:4083
Reply from Meter IPF:10.217.5_5Z Delay Time: §328ms Msg byte:-4138
Beply from Meter IP:10.217.5.61 Delay Time: &303ms Msg byte:4130
Beply from Meter IP:10_217.5.67 Delay Time: &306ms Msg byte:4415
Reply from Meter IF:10.217.5.51 Delay Time: &300ms Msg byte:4258
Reply from Meter IP:10.217.5.41 Delay Time: &336ms Msg byte:4145
Reply from Meter IP:10.217.5.96 Delay Time: &330ms Msg byte:4372
Reply from Meter IP:-10_217.
Beply from Meter IDP:-10_217.
Reply from Meter IP:-10_217.

17 Delay Time: £32Z2ms Msg byte:-4161
.42 Delay Time: €30Zms Msg byte:4375
.11 Delay Time: &306ms Msg byte:4204

momomn

Reply from Meter IF:10.217.5.58 Delay Time: &328ms Msg byte:4157
Beply from Meter IP:10.217.5.57 Delay Time: &353m= Msg byte:4444
Reply from Meter IP:10.217.5_.23 Delay Time: &330ms Msg byte:33E83
Beply from Meter IP:10.217.5.5% Delay Time: &3Z6éms Msg byte:3851
Beply from Meter IP:10_217.5.2 Delay Time: 6335ms Msg byte:4415
Reply from Meter IF:10.217.5.6Z Delay Time: &33Zms Msg byte:33Z1
Beply from Meter IP:10_.217.5.73 Delay Time: &3Z7Tms Msg byte:4Z1Z
Reply from Meter IPF:10.217.5.34 Delay Time: &31lms Msg byte:3342Z
Beply from Meter IP:10.217.5.13 Delay Time: &331lms Msg byte:413%
Beply from Meter IP:10_217.5.41 Delay Time: &340ms Msg byte:3851

Reply from Meter IF:10.217.
Beply from Meter IPB:10_217.
Beply from Meter IP:10_Z217.
Reply from Meter IP:10.217.
I Beply from Meter IP:10_Z217.
I Beply from Meter IP:10_217.

-2% Delay Time: &315ms Msg byte:4235
.96 Deley Time: &3Z4ms Msg byte:4371
-4 Delay Time: &345ms Msg oyte:4053
-54 Delay Time: €334ms Msag byte:3503
-8l Delay Time: €333ms Msg byte:4401 I
-5 Delay Time: &348Bms Msg byte-4263
6305ms Msg byte:4183 '

LI A TR T IR T

from Meter IP:10.Z217.

.38 Delay Time:

My Bite - 4003

Figutedd. Delay. TimeMeasyrementswhen One Meter Access Agent Running

The number of mcter access agents and the average delay time relevant to each
particular number of agents mentioned in Table 4.2. Relevant captured snap shots of
delayed time measurements given in Appendix E. There is a negative co-relation
between the numbers of access agents and average delay time. In other words the

average delay time decreases while the number of meter access agents increased.

Table 4.2: Average Delay Time

Number of Agents Average Delay Time

1 6337

4718

3482

2492

DB (W

2129

10 996
5 794

20 642
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Figure 4.4: Co-relation Between the Numbers of Access Agents and Average Delay
Time
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5. CONCLUSION

The main objective of the MAS based implementation of real time meter reading is
to provide methodological approach for energy meter reading systems to use de-
centralized technique. Agent based solution was implemented with Multi Agent
System (MAS) to address following issues and the system is characterized de-

centralized nature and self configurable nature.

low efficiency benefits,
low reliability
real time meter data monitoring get more complex when the meter base is

large

JADE used as the toolkit for the agent development because JADE is at the front
line, compared to the other competitive agent development toolkits. JADE provide
excellent support when implementing the real time meter reading system. The
management of the agent behaviours are solely controlling the agent communication
and it is art of the JADE. In the multi agent system model, the agent communication
is very vital for effectively implementation of complex system and interaction
protocol "b'ascd commivmication Uschere dandyvyellow! pagestservice made the
implernghtafion easii

The JADE dgents ' interdct with outstde world via socket proxy tunnel using FIPA
formatted messages. But physical equipment related to the agent communicate with
outside with commonly available protocols or proprietary protocols. Therefore there
should be a middle ware to match the physical world and JADE agent framework.

In this implementation, the middleware or communication layer was basically
developed using the Java based application according to communication protocol
mention in DLMS. Once the communication layer was developed using java, the
system can interact with meters which are comply with DLMS specification.

Therefore the entire development with application layer and communication layer
validate the system for the real world application.

MAS system development involved basically three type of agents namely monitor
agents, meter access agent and database agents. When we concern a power
distribution utility, there are many offices located everywhere in its operating region.
Those agent components can be deployed into the PC that they are already been used

without introducing any additional cost to the system. In other words any dedicated
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high-end resources are not required to run the system. The whole task is distributed
among several smaller components multi-located in network. As each component has
a limited task and they are operated simultaneously, it reduces the time to carry out
whole task. Hence the efficiency of the whole system get improves. According to
the features of MAS, even though single component is failed, the whole system is not
getting affected, because the duties of failed component are taken over by another
similar working component in run time. Hence reliability of the whole system get
improves. In other word no need to maintain redundancy system because the MAS

itself act as redundancy system.

Multi Agent System is very flexible system and once the base operating model
ensures the accuracy of the application, this can be applied for the large network.
Therefore this novel concept can be used to address meter reading problem in utility

network successfully.
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Appendix A : COMMUNICATION DRIVER SOFTWARE CODE

package metermonitor.meterreadingagent.utilities;

import java.io.DatalnputStream;
import java.io.DataOutputStream;
import java.io.IOException;
import java.net.*;

import java.util. Random;

import java.util.logging.Level;
import java.util.logging. Logger;
/**

%

* @author Dulan Ranawaka

*/
public class ReadingMeterRegister {

Socket smtpSocket = null;
Datd@utputStrea osy= nul;
Dat%htStream isi=anll;

byte b1[] = new byte[]{3.0,8,0,0,0.0,0,0,0,01:
byte b2[] = new byte[]43,0,5,47,63,33,13,10};
byte b3[] = new byte[]{3,0,6,6,48,53,48,13,10};

String responseLine;
public String Read(String hostname) {
try {
smtpSocket = new Socket(hostname, 2010);
os = new DataOutputStream(smtpSocket.getOutputStream());
is = new DatalnputStream(smtpSocket.getInputStream());
} catch (UnknownHostException e) {
System.err.println("Don't know about host: hostname");
} catch (IOException e) {
System.err.println("Couldn't get I/O for the connection to: hostname");
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if (smtpSocket = null && os = null && is != null) {
try {
os.write(bl);
os.write(b2);
responseLine = is.readLine();
os.write(b3);
while ((responseLine = is.readLine()) != null) {
if( responseLine.startsWith("72.7.0")){
break;
H
if (responseLine.indexOf("Ok") = -1) {
break;
H
H

os.close();
is.close();
smtpSocket.close();
} catch (UnknownHostException e) {
System.err.printIn(''Trying to connect to unknown host: " + ¢);

steh (IOEXCeption €)'

SRR

sgem. ert' printi( IO Ekception: O-+€),;

if (responseLine != null){
responseLine=responseLine.split("\\(")[ 1].split(".")[0];
H
else{
responseline= Integer.toString(0);

}

return responseline;
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Appendix B : MONITOR AGENT SOFTWARE CODE

package metermonitor.monitoragent.agent;

import jade.core.AlID;

import jade.core.Agent;

import jade.domain.DFService;

import jade.domain. FIPAAgentManagement. DFAgentDescription;

import jade.domain. FIPAAgentManagement.ServiceDescription;

import jade.domain. FIP AException;

import java.util. ArrayList;

import java.util. Hashtable;

import java.util.List;

import java.util.logging.Level;

import java.util.logging. Logger;

import metermonitor.common.utilities. CommonConstants;

import metermonitor.monitoragent.behaviours.MeterAssigningBehaviour;

import metermonitor.monitoragent.behaviours.MeterPickupBehaviour;

import metermonitor.monitoragent.behaviours.MeterReadingPickupBehaviour;
import metermonitor.monitoragent.behaviours.NotifyMeter AssignmentBehaviour;
import mgiermonifor. monitoragent. behaviouts. Reading AgentPiekupBehaviour,
[ é:}

*

* @author Dulan Ranawaka
*/
public class MonitorAgent extends Agent {

List<AID> readingAgents = new ArrayList<>();

List<String> meters = new ArrayList<>();

Hashtable<String, String> meterNumbers = new Hashtable<>();
Hashtable<String, String> meterlps = new Hashtable<>();
Hashtable<AID, List<String>> meterAssignment = new Hashtable<>();
MonitorAgentForm agentUiForm = null;

@Override

protected void setup() {
_agentUiForm = new MonitorAgentForm(this);
_agentUiForm.setVisible(true);
_agentUiForm.setAgentName(getAID().getName());
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showMessage("Registering as a monitor...");

ServiceDescription serviceDescription = new ServiceDescription();
serviceDescription.setType(CommonConstants.MonitorServiceType);
serviceDescription.setName(CommonConstants.MonitorServiceName);

DFAgentDescription df = new DFAgentDescription();
df.setName(getAID());
df.addServices(serviceDescription);

try {
DFService.register(this, df);

} catch (FIPAException ex) {

Logger.getLogger(MonitorAgent.class.getName()).log(Level. SEVERE, null,
ex);

showMessage("Starting behaviours...");

addBehaviour(new ReadingAgentPickupBehaviour());

addBéhqviour(new NotityM eter AssignmientBehaviqur(thisic 10000,
_metcrA;gfg@ncnt));

addB’__ethéViour(ncw MeterReadingPickupBehaviour());

addB:éhzwiour(ncw MeterPickupBehaviour());

}

public void addReadingAgent(AID readingAgent) {
showMessage("Adding agent: " + readingA gent.getName());

for (AID ra: readingAgents) {
if (ra.getName().equals(readingA gent.getName())) return;

}

_readingAgents.add(readingA gent);
addBehaviour(new MeterAssigningBehaviour(_readingAgents, meters));
List<String> agentNames = new ArrayList<>();

_readingAgents.stream().forEach((ra) -> {
agentNames.add(ra.getName());

I3K
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_agentUiForm.updateReadingA gents(agentNames.toArray(new
String[agentNames.size()]));

}

public void removeReadingA gent(AID readingAgent) {
showMessage("Adding agent: " + readingA gent.getName());

AID agenttoRemove = null;

for (AID ra: readingAgents) {
if(ra.getName().equals(readingA gent.getName())) {
agenttoRemove = ra;
break;

}
}

if (agenttoRemove == null) return;
_readingA gents.remove(agenttoRemove);

addBEhaviout(new MietatAssigningBehavious( itsadibgAigénts, meters));

List{_S_'t’ring> agentNames = new ArrayList<>();

_readingA gents.stream().forEach((ra) -> {
agentNames.add(ra.getName());

s

_agentUiForm.updateReadingA gents(agentNames.toArray(new
String[agentNames.size()]));

}

public boolean addMeter(String meter) {
if (!_meterNumbers.containsKey(meter)) return false;
if (_meters.stream().anyMatch(m -> m.equals(meter))) return false;
_meters.add(_meterNumbers.get(meter));

addBehaviour(new MeterAssigningBehaviour(_readingAgents, meters));

return true;
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public void updateMeter Assignment(Hashtable<AID, List<String>>
meterAssignment) {
_meterAssignment.clear();
_meterAssignment.putAll(meterAssignment);

}

public void addMeterInfo(String meterNumber, String meterlp) {
if (_meterNumbers.containsKey(meterNumber) ||
_meterlps.containsKey(meterlp)) return;
_meterNumbers.put(meterNumber, meterlp);
_meterlps.put(meterlp, meterNumber);

}

public void updateMeterReading(String meter, int reading) {
_agentUiForm.updateMeterReading(_meterIps.get(meter), reading);

}

public void showMessage(String message) {
agentUiForm.addMessage(message);
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package metermonitor.monitoragent.agent;

import jade.core.AlID;

import jade.lang.acl. ACLMessage;

import jade.util. Logger;

import java.awt.BorderLayout;

import java.util. Hashtable;

import java.util.Iterator;

import java.util.List;

import java.util. Map;

import java.util. Random;

import java.util. Timer;

import java.util. TimerTask;

import javax.swing.DefaultListModel;

import javax.swing.ListModel;

import org.jfree.chart. ChartFactory;

import org.jfree.chart.ChartPanel;

import org.jfree.chart.JFreeChart;

import org.jfree.chart.plot.PlotOrientation;

import org.jfree.data.category.DefaultCategoryDataset;

import orég%}cc.d atalgeverak Dafault RicDutadds;
=)

/**

*

* @author Dulan Ranawaka
*/
public class MonitorAgentForm extends javax.swing.JFrame {

private final MonitorAgent _agent;
private final Hashtable<String, Integer> meterReadings = new Hashtable<>();

/**

* Creates new form MonitorAgentForm

* (@param agent

*/

public MonitorAgentForm(MonitorAgent agent) {
_agent = agent;

initComponents();
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Timer chartUpdateTimer = new Timer();
chartUpdateTimer.schedule(new TimerTask() {
@Override
public void run() {
updateChart();

}
1, 3000, 3000);

}

/**

* This method is called from within the constructor to initialize the form.

* WARNING: Do NOT modify this code. The content of this method is always
* regenerated by the Form Editor.

*/

@SuppressWarnings("unchecked")

// <editor-fold defaultstate="collapsed" desc="Generated Code">

private void initComponents() {

btnAddMeter = new javax.swing.JButton();
txtMeter = new javax.swing.JTextField();
chr(‘)_lVI‘anncZ =/ hew faviaid. swing IS €ro 11 Pans(d);
lstklfz_;%a ges Fhew javaxiswihg HosK);
jPaﬁc;I:i = new;javax. swingsd Pangl()1

jLabc_ll- = new javax.swing.JLabel();
jScrollPane3 = new javax.swing.JScrollPane();
IstReadingAgents = new javax.swing.JList();
jScrollPanel = new javax.swing.JScrollPane();
IstMeters = new javax.swing.JList();

jLabel2 = new javax.swing.JLabel();

jLabel3 = new javax.swing.JLabel();

jLabel4 = new javax.swing.JLabel();

setDefaultCloseOperation(javax.swing. WindowConstants. EXIT ON_CLOSE);

btnAddMeter.setText("Add");
btnAddMeter.add ActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {
btnAddMeterActionPerformed(evt);

}
s
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jScrollPane2.setViewportView(IstMessages);

jPanell.setBorder(javax.swing.BorderFactory.createLineBorder(new
java.awt.Color(0, 0, 0)));

javax.swing.GroupLayout jPanell Layout = new
javax.swing.GroupLayout(jPanell);

jPanell.setLayout(jPanell Layout);

jPanell Layout.setHorizontal Group(

jPanell Layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADING

)
.addGap(0, 0, Short. MAX VALUE)

);
jPanell Layout.setVerticalGroup(

jPanell Layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADING
: .addGap(0, 376, Short. MAX VALUE)

) :

] Laﬁg;setTCXt("Reading A gentS'Y;

AiSc?éﬁI"ancB .setViewportView(IstReadingA gents);

jScrollPanel .setViewportView(IstMeters);

jLabel2.setText("Meters");

jLabel3.setText("Messages");

jLabel4.setText("Meter Readings");

javax.swing.GroupLayout layout = new
javax.swing.GroupLayout(getContentPane());

getContentPane().setLayout(layout);

layout.setHorizontalGroup(
layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADING)
.addGroup(layout.createSequential Group()
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.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. LEADI
NG)

.addGroup(layout.createSequential Group()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. LEADI
NG)
.addGroup(layout.createSequential Group()
.addContainerGap()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADI
NG)
.addComponent(jScrollPane3,
javax.swing.GroupLayout. PREFERRED SIZE, 318,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addComponent(jLabell))
.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADI
NG)
- .addGroup(layqut.createSequential Groupy)

émé , .addComponent(jLabel2)

s addGap(226;226,926))

= ‘adddonipoient(SiciollPanel,
javax.swing.GroupLayout. DEFAULT SIZE, 299, Shortt MAX VALUE)))

.addGroup(layout.createSequential Group()
.addGap(342, 342, 342)

.addComponent(txtMeter,
javax.swing.GroupLayout. PREFERRED SIZE, 213,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement. RELATED)
.addComponent(btnAddMeter,

javax.swing.GroupLayout. DEFAULT SIZE,

javax.swing.GroupLayout. DEFAULT _SIZE, Short MAX VALUE)))

.addGap(12, 12, 12)

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADI
NG)
.addComponent(jScrollPane2,
javax.swing.GroupLayout. PREFERRED SIZE, 295,
javax.swing.GroupLayout. PREFERRED_SIZE)
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.addComponent(jLabel3)))
.addGroup(layout.createSequential Group()
.addContainerGap()

.addComponent(jPanell,
javax.swing.GroupLayout. DEFAULT SIZE,
javax.swing.GroupLayout. DEFAULT _ SIZE, Short. MAX VALUE)))

.addContainerGap())
.addGroup(layout.createSequential Group()
.addContainerGap()
.addComponent(jLabel4)
.addContainerGap(javax.swing.GroupLayout. DEFAULT SIZE,
Short MAX VALUE))
);
layout.setVerticalGroup(
layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADING)
.addGroup(layout.createSequential Group()
.addContainerGap()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. BASEL
INE)
_ -addComponent(jLabel])
e ddComponent{jLAbel2)
E,-v_’;'uid(‘omponcnt(jLabelS))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. LEADI
NG, false)

.addComponent(jScrollPane3,
javax.swing.GroupLayout. DEFAULT SIZE, 229, Short MAX VALUE)

.addGroup(javax.swing.GroupLayout.Alignment. TRAILING,
layout.createSequentialGroup()

.addComponent(jScrollPanel)
.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. BASEL
INE)
.addComponent(txtMeter,
javax.swing.GroupLayout. PREFERRED_ SIZE,
javax.swing.GroupLayout. DEFAULT SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addComponent(btnAddMeter)))
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.addComponent(jScrollPane2))
.addGap(14, 14, 14)
.addComponent(jLabel4)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. UNRELATED)

.addComponent(jPanell, javax.swing.GroupLayout. PREFERRED SIZE,
javax.swing.GroupLayout. DEFAULT SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE)
.addContainerGap(javax.swing.GroupLayout. DEFAULT SIZE,
Short MAX_VALUE))

)

pack();
}// </editor-fold>

private void btnAddMeterActionPerformed(java.awt.event. ActionEvent evt) {
if (!_agent.addMeter(txtMeter.getText())) return;

ListModel meterListModel = IstMeters.getModel();
if (meterListModel == null || l(meterListModel instanceof DefaultlistModel))

f
1

1 i el istModel = new DefaultListModel<>();
ls_%Méters.sctModcl(mctcrListModcl):

l L
§ i

((DefaultListModel)meterListModel).addElement(txtMeter.getText());
}

// Variables declaration - do not modify
private javax.swing.JButton btnAddMeter;
private javax.swing.JLabel jLabell;

private javax.swing.JLabel jLabel2;

private javax.swing.JLabel jLabel3;

private javax.swing.JLabel jLabel4;

private javax.swing.JPanel jPanell;

private javax.swing.JScrollPane jScrollPanel;
private javax.swing.JScrollPane jScrollPane2;
private javax.swing.JScrollPane jScrollPane3;
private javax.swing.JList IstMessages;

private javax.swing.JList IstMeters;

private javax.swing.JList IstReadingAgents;
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private javax.swing.JTextField txtMeter;
// End of variables declaration

public void setAgentName(String agentName) {
this.setTitle(agentName);

}

public void updateReadingA gents(String[] readingAgents) {

DefaultListModel<String> readingA gentListModel = new
DefaultListModel<>();

for (String readingAgent : readingAgents) {
readingA gentListModel.addElement(readingA gent);

}

IstReadingA gents.setModel(readingA gentListModel);
updateChart();

public void updateMeterReading(String meter, int reading) {
if (_fikterReddings:eamainsidy(iete))
;ﬁglaéchadings.replacc(mcter. readifig)l
! cls,ez{"
7i1-1_£:tchcadings.put(mctcr, reading);
i
}

private void updateChart() {
DefaultCategoryDataset objDataset = new DefaultCategoryDataset();

Iterator<Map.Entry<String, Integer>> it = meterReadings.entrySet().iterator();

while (it.hasNext()) {
Map.Entry<String, Integer> entry = it.next();

if (objDataset.getColumnKeys().contains(entry.getKey())) {
objDataset.setValue(entry.get Value(), "X", entry.getKey());
} else {
objDataset.addValue(entry.getValue(), "X", entry.getKey());

}
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JFreeChart objChart = ChartFactory.createBarChart("Meter Readings", "Meter
Serial Number", "Meter Readings (kVA)", objDataset, PlotOrientation. VERTICAL,

false, true, false);

ChartPanel CP = new ChartPanel(objChart);
jPanell.setLayout(new java.awt.BorderLayout());
jPanell.removeAll();
jPanell.add(CP,BorderLayout. SOUTH);
jPanell.validate();

public void addMessage(String message) {
ListModel meterldListModel = IstMessages.getModel();
if (meterldListModel == null || !(meterldListModel instanceof
DefaultListModel))
{
meterldListModel = new DefaultListModel<>();
IstMessages.setModel(meterIdListModel);

l
S

if(((', _efaultListModcl)mctcrIdListModcl).sizc()>10)

f

L
((DefaultListModel)meterldListModel).clear();
((DefaultListModel)meterIdListModel).removeAllElements();

H
((DefaultListModel)meterldListModel).addElement(message);
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package metermonitor.monitoragent.behaviours;

import jade.core.AlID;

import jade.core.behaviours.OneShotBehaviour;

import java.util. ArrayList;

import java.util. Hashtable;

import java.util.List;

import metermonitor.monitoragent.agent. MonitorAgent;

/**
%
* @author Dulan Ranawaka
*/
public class MeterAssigningBehaviour extends OneShotBehaviour {

private final List<AID> readingAgents;
private final List<String> meters;

public MeterAssigningBehaviour(List<AID> readingAgents, List<String> meters)
{
this. Sgeading A gantsct radding A gends;
tllisg‘@éters Fmeters;

@Override
public void action() {
if(myAgent instanceof MonitorAgent) {
((MonitorAgent)myAgent).showMessage("Calculating meter assignment...");

b
if (_readingAgents.size() == 0 | _meters.size() == 0) return;
Hashtable<AID, List<String>> meterAssignment = new Hashtable<>();

_readingAgents.stream().forEach((readingAgent) -> {
meterAssignment.put(readingAgent, new ArrayList<>());

s

for (int i = 0; i < _meters.size(); i++) {
meterAssignment.get(_readingAgents.get(i %
_readingAgents.size())).add(_meters.get(i));
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if(myAgent instanceof MonitorAgent) {
((MonitorAgent)myAgent).updateMeter Assignment(meterAssignment);

}
}
}

package metermonitor.monitoragent.behaviours;

import jade.core.behaviours.CyclicBehaviour;

import jade.lang.acl. ACLMessage;

import jade.lang.acl. MessageTemplate;

import metermonitor.monitoragent.agent. MonitorAgent;

/**

*

* @author Dulan Ranawaka
*/
public class MeterPickupBehaviour extends CyclicBehaviour {

@Override
public ygid actién{)1f
Me a, éTcmplate hessage T ehplates
Messag€eip late, MatchPerformative(AzL. Message. INFORM_REF);
AC Lm'cssalgc msg = myAgent.receive(messageTemplate);

if (msg !=null) {
if(myAgent instanceof MonitorAgent) {

((MonitorAgent)myAgent).showMessage("Meter received from agent: " +
msg.getSender().getName());

String[] messageContent = msg.getContent().split("@");
if(messageContent.length == 0) return;

((MonitorAgent)myAgent).addMeterInfo(messageContent[0],
messageContent[1]);

}
}

else {
block();

}
i
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package metermonitor.monitoragent.behaviours;

import jade.core.behaviours.CyclicBehaviour;

import jade.lang.acl. ACLMessage;

import jade.lang.acl. MessageTemplate;

import metermonitor.monitoragent.agent. MonitorAgent;

/**
*
* @author Dulan Ranawaka
*/
public class MeterReadingPickupBehaviour extends CyclicBehaviour {

@Override
public void action() {

MessageTemplate messageTemplate =
MessageTemplate.MatchPerformative(ACLMessage.CFP);

ACLMessage msg = myAgent.receive(messageTemplate);

if (msg = null) {
ifffiliy A gent instaneeofManitdvAgenr) 1

g@/lomtmAoent)myAgcnt) showMessage(" Meter reading received from
agent: " + msg getSender().getName());

String| | messageContent = msg. getContent( ). split("\$");
if(messageContent.length == 0) return;

((MonitorAgent)myAgent).updateMeterReading(messageContent[0],
Integer.parselnt(messageContent[1]));

}
}

else {
block();
H
H
H
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package metermonitor.monitoragent.behaviours;

import jade.core.AlID;
import jade.core.Agent;
import jade.core.behaviours.TickerBehaviour;
import jade.lang.acl. ACLMessage;
import java.util. Hashtable;
import java.util.List;
import metermonitor.monitoragent.agent. MonitorAgent;
/**
%
* @author Dulan Ranawaka
*/
public class NotifyMeterAssignmentBehaviour extends TickerBehaviour {

private final Hashtable<AID, List<String>> meterAssignment;

public NotifyMeterAssignmentBehaviour(Agent a, long period, Hashtable<AID,

List<String>> meterAssignment) {
super(a, period);
this. Sipeter Assignmentstimeter AsSignmnt;
-
@Overtide
protcct&_i void onTick() {
if(myAgent instanceof MonitorAgent) {

((MonitorAgent)myAgent).showMessage("Notifying meter assignment...");

}

_meterAssignment.forEach((a, m) -> {

AID readingAgent = a;

if (m.size() > 0) {
ACLMessage msg = new ACLMessage(ACLMessage. REQUEST);
msg.addReceiver(readingAgent);

String messageContent = "";
for (String meter : m) {
messageContent = messageContent + meter + "$";

}

messageContent = messageContent.substring(0, messageContent.length() -

1);
msg.setContent(messageContent);
myAgent.send(msg);
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}
1
}
}

package metermonitor.monitoragent.behaviours;

import jade.core.behaviours.CyclicBehaviour;

import jade.lang.acl. ACLMessage;

import jade.lang.acl. MessageTemplate;

import metermonitor.common.utilities. CommonConstants;
import metermonitor.monitoragent.agent. MonitorAgent;

/**
%
* @author Dulan Ranawaka
*/
public class ReadingA gentPickupBehaviour extends CyclicBehaviour {

@Override
public void action() {
Mcss}ei}g,chmplate iessdgg Template &
Messa gé%plzltc. MatehPerformative(ALMessage. INFORNY
AG L;K_{Iéssagc msg = myAgent.receipe(messageTemplate);

if (msg !=null) {
if(myAgent instanceof MonitorAgent) {
((MonitorAgent)myAgent).showMessage("Message received from agent: "
+ msg.getSender().getName());

if(msg. getContent().equals(CommonConstants.StartupMessage))
((MonitorAgent)myAgent).addReadingA gent(msg.getSender());

else if(msg.getContent().equals(CommonConstants.ShutdownMessage))
((MonitorAgent)myAgent).removeReadingA gent(msg.getSender());

else {
block();
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Appendix C : ACCESS AGENT SOFTWARE CODE

package metermonitor.meterreadingagent.agent;

import jade.core.AlID;

import jade.core.Agent;

import jade.lang.acl. ACLMessage;

import java.util. ArrayList;

import java.util. Hashtable;

import java.util.Iterator;

import java.util.List;

import java.util. Map;

import metermonitor.common.utilities. CommonConstants;

import metermonitor.meterreadingagent.behaviours. AssignmentPickupBehaviour;
import metermonitor.meterreadingagent.behaviours.NotifyMeterReadingBehaviour;
import metermonitor.meterreadingagent.behaviours.NotifyStartupBehaviour;

/**
*

* @author Dulan Ranawaka
*/
public class MeterReadingA gent extends Agent {

Hashtable< AID| It Sti#1gy>0 mbletRealingReqhdstsd =gt Hashtable<>();
Hzlsht%String, Lists AID=>1Tmoniterse= mew-Hashtables=();
MetdgR@agingA gentForm _agentUiForm = null;

@Override

protected void setup() {
_agentUiForm = new MeterReadingAgentForm(this);
_agentUiForm.setVisible(true);
_agentUiForm.setAgentName(getAID().getName());

showMessage("Starting behaviours...");

addBehaviour(new NotifyStartupBehaviour(this, 15000));
addBehaviour(new AssignmentPickupBehaviour(_ meterReadingRequests));
addBehaviour(new NotifyMeterReadingBehaviour(this, 5000, monitors));

}

@Override
protected void takeDown() {
showMessage("Notifying shutdown to monitors...");

if (_meterReadingRequests.isEmpty()) return;

ACLMessage msg = new ACLMessage(ACLMessage.INFORM);
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Iterator<Map.Entry<AID, List<String>>> it =
_meterReadingRequests.entrySet().iterator();

while (it.hasNext()) {
Map.Entry<AID, List<String>> entry = it.next();

msg.addReceiver(entry.getKey());
H

msg.setContent(CommonConstants.ShutdownMessage);
send(msg);

}

public void updateMeterReadingRequests(AID monitor, List<String> meters) {
showMessage("Updating meter reading requests...");

Iterator<Map.Entry<AID, List<String>>> it =
_meterReadingRequests.entrySet().iterator();

while (it.hasNext()) {
Map.Entry<AID, List<String>> entry = it.next();

ifggentry. gatKe y().getName():equalstmonitor. getName())) 4
fmginove();

Y E‘j"

i

1 2
s

_meterReadingRequests.put(monitor, meters);

_meterReadingRequests.forEach((m, mt) -> {
_agentUiForm.updateMeters(mt);

s

for (String meter : meters) {
if (_monitors.containsKey(meter)) {
List<AID> existingMonitors = monitors.get(meter);

if (lexistingMonitors.stream().anyMatch(m ->
m.getName().equals(monitor)))
existingMonitors.add(monitor);
b
else {
List<AID> monitors = new ArrayList<>();

monitors.add(monitor);

_monitors.put(meter, monitors);
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}

}
}
}

public void shutdown() {
_agentUiForm.setVisible(false);
doDelete();

}

public void showMessage(String message) {
_agentUiForm.addMessage(message);

}
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package metermonitor.meterreadingagent.agent;

import java.util.List;
import javax.swing.DefaultListModel;
import javax.swing.ListModel;

/**
%
* @author Dulan Ranawaka
*/
public class MeterReadingA gentForm extends javax.swing.JFrame {

private final MeterReadingAgent readingAgent;

/**

* Creates new form MeterReadingA gentForm
* @param readingA gent
*/
public MeterReadingA gentForm(MeterReadingAgent readingAgent) {
this. readingAgent = readingAgent;

initComponents();

}

JEE e
* Thi'sg;;?%eithod ts called fromy within-the donstructor tonitialize the form.

* WARNING: RaNOT mhodifyithis.chde. The content of this method is always
* regenerated by the Form Editor.

*/

@SuppressWarnings("unchecked")

// <editor-fold defaultstate="collapsed" desc="Generated Code">

private void initComponents() {

jScrollPane3 = new javax.swing.JScrollPane();
jList2 = new javax.swing.JList();

jScrollPanel = new javax.swing.JScrollPane();
IstMeters = new javax.swing.JList();
btnShutdown = new javax.swing.JButton();
jLabell = new javax.swing.JLabel();
jScrollPane2 = new javax.swing.JScrollPane();
IstMessages = new javax.swing.JList();
jLabel2 = new javax.swing.JLabel();

jList2.setModel(new javax.swing.AbstractListModel() {
String[] strings = { "Item 1", "Item 2", "Item 3", "Item 4", "Item 5" };
public int getSize() { return strings.length; }
public Object getElementAt(int i) { return strings[i]; }
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1)
jScrollPane3.setViewportView(jList2);

setDefaultCloseOperation(javax.swing. WindowConstants. EXIT ON_CLOSE);
jScrollPanel .setViewportView(lstMeters);

btnShutdown.setText("Shutdown");
btnShutdown.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event. ActionEvent evt) {
btnShutdownActionPerformed(evt);
b
1);

jLabell.setText("Meters");
jScrollPane2.setViewportView(IstMessages);
jLabel2.setText("Messages");

javax.swing.GroupLayout layout = new
javax.swing.GroupLayout(getContentPane());
getContentPane().setLayout(layout);
layomtzsetHomizontalGropgp(
Il creatcParallelGroup(javax.swing.GroupLayout. Alignment. LEADING)
.:'I%rou pHayouticreateSequentialGroup()
add ContginerGan()

.addGroup(iayout.createParaiielGroup(javax.swing.GroupLayout. Alignment. LEADI
NG)
.addGroup(javax.swing.GroupLayout.Alignment. TRAILING,
layout.createSequentialGroup()
.addGap(0, 0, Short MAX VALUE)
.addComponent(btnShutdown))
.addGroup(javax.swing.GroupLayout.Alignment. TRAILING,
layout.createSequential Group()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADI
NG)
.addComponent(jScrollPanel,
javax.swing.GroupLayout. DEFAULT SIZE, 275, Short MAX VALUE)
.addGroup(layout.createSequential Group()
.addComponent(jLabell)
.addGap(0, 0, Short MAX VALUE)))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. UNRELATED)
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.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. LEADI
NG)
.addComponent(jLabel2)
.addComponent(jScrollPane2,
javax.swing.GroupLayout. PREFERRED SIZE, 294,
javax.swing.GroupLayout. PREFERRED SIZE))))
.addContainerGap())
);
layout.setVerticalGroup(
layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADING)
.addGroup(layout.createSequential Group()
.addContainerGap()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. BASEL
INE)

.addComponent(jLabell)

.addComponent(jLabel2))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. UNRELATED)

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADI
NG, false)
= .addCompaonent(jScrolliPane2 )
FamtiaddComponent(jScrollPanel,
javax. syasgroupldyout DEFA UL SIZE X205 | Short!MAX! 'WALUE))

.addPreferredGap(javax.swing. LayoutStyle. ComponentPlacement. RELATED, 66,
Short. MAX VALUE)

.addComponent(btnShutdown)

.addContainerGap())

)

pack();
}// </editor-fold>

private void btnShutdownActionPerformed(java.awt.event. ActionEvent evt) {
_readingA gent.shutdown();

}

// Variables declaration - do not modify
private javax.swing.JButton btnShutdown;
private javax.swing.JLabel jLabell;

private javax.swing.JLabel jLabel2;

private javax.swing.JList jList2;

private javax.swing.JScrollPane jScrollPanel;
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private javax.swing.JScrollPane jScrollPane2;
private javax.swing.JScrollPane jScrollPane3;
private javax.swing.JList IstMessages;

private javax.swing.JList IstMeters;

// End of variables declaration

public void setAgentName(String agentName) {
this.setTitle(agentName);

}

public void updateMeters(List<String> meters) {
DefaultListModel<String> meterListModel = new DefaultListModel<>();

meters.stream(). filter((meter) ->
('meterListModel.contains(meter))).forEach((meter) -> {
meterListModel.addElement(meter);

s

IstMeters.setModel(meterListModel);

}

public void addMessage(String message) {
ListModel meterIdListModel = IstMessages.getModel();
if (meterldListMadel == null||r tmeterldListModel instancgof
DefaultL;ég’oé/l"" Ndaodel))
(\a

me_terld Listiviedel 11 hewPefaultlistModel<>();
IstMessages.setModel(meterldListModel);
¥
if(((DefaultListModel)meterldListModel).size()>10)
{
((DefaultListModel)meterldListModel).clear();
((DefaultListModel)meterldListModel).removeAllElements();

j
((DefaultListModel)meterldListModel).addElement(message);
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package metermonitor.meterreadingagent.behaviours;

import jade.core.AlID;

import jade.core.behaviours.CyclicBehaviour;

import jade.lang.acl. ACLMessage;

import jade.lang.acl. MessageTemplate;

import java.util. Arrays;

import java.util. Hashtable;

import java.util.List;

import metermonitor.meterreadingagent.agent.MeterReading A gent;

/**
*
* @author Dulan Ranawaka
*/
public class AssignmentPickupBehaviour extends CyclicBehaviour {

private final Hashtable<AID, List<String>> meterReadingRequests;

public AssignmentPickupBehaviour(Hashtable<AID, List<String>>
meterReadingRequests) {
this. meterReadingRequests = meterReadingRequests;

}

@ovegﬁe
publigi¥@id action(}

Messass Templateymnestageifemplaté
MessageTemplate. MatchPerformative(ACLMessage. REQUEST);
ACLMessage msg = myAgent.receive(message 1 emplate);

if (msg !=null) {
if(myAgent instanceof MeterReadingAgent) {
((MeterReadingA gent)myA gent).showMessage("Reading request received
from agent: " + msg.getSender().getName());

String[ ] meters = msg.getContent().split("\\$");
if(meters.length == 0) return;

((MeterReadingA gent)myA gent).updateMeterReadingRequests(msg. getSender(),
Arrays.asList(meters));

H

H

else {
block();

}
}
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}

package metermonitor.meterreadingagent.behaviours;

import jade.core.AlID;
import jade.core.Agent;
import jade.core.behaviours.TickerBehaviour;
import jade.lang.acl. ACLMessage;
import java.util. Hashtable;
import java.util.Iterator;
import java.util.List;
import java.util. Map;
import java.util. Random;
import metermonitor.meterreadingagent.agent.MeterReading A gent;
import metermonitor.meterreadingagent.utilities.ReadingMeterRegister;
sk
/*
* @author Dulan Ranawaka
*/
public class NotifyMeterReadingBehaviour extends TickerBehaviour {

private final Hashtable<String, List<AID>> monitors;

public NotifyMeterReadingBehaviour(Agent a, long period, Hashtable<String,
List<AIDg= monifots)
supgakneriod);
thisgi%onitors SRONHOLS}
b S
@Override
protected void onTick() {
if(myAgent instanceof MeterReadingAgent && ! monitors.isEmpty()) {
((MeterReadingA gent)myA gent).showMessage("Informing meter
readings..");

}

Iterator<Map.Entry<String, List<AID>>> it = _monitors.entrySet().iterator();
while (it.hasNext()) {
Map.Entry<String, List<AID>> entry = it.next();
ACLMessage msg = new ACLMessage(ACLMessage.CFP);

for (AID monitor : entry.getValue()) {
msg.addReceiver(monitor);

}

ReadingMeterRegister Meter reder =new ReadingMeterRegister();

msg.setContent(entry.getKey() + "$" + Meter_reder.Read(entry.getKey()));
myAgent.send(msg);
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}
}

package metermonitor.meterreadingagent.behaviours;

import jade.core.AlID;

import jade.core.behaviours.OneShotBehaviour;

import jade.domain.DFService;

import jade.domain. FIPA AgentManagement.DFAgentDescription;
import jade.domain. FIPAAgentManagement.ServiceDescription;
import jade.domain. FIP AException;

import jade.lang.acl. ACLMessage;

import java.util.logging.Level;

import java.util.logging. Logger;

import metermonitor.common.utilities. CommonConstants;

import metermonitor.meterreadingagent.agent.MeterReading A gent;
import metermonitor.meterreadingagent.utilities.ReadingAgentConstants;

/**

*

* @author Dulan Ranawaka

*/

public class NotifyShutdownBehaviour extends OneShotBehaviour {
private AID[] monitorAgents;

@ovegﬁe
publigi¥@id action(}

SeamePescriptiomserpicgBescriptida = new ServiceDescription();
serviceDescription.setType(CommonConstants.MonitorServiceType);

DFAgentDescription df = new DFAgentDescription();
df.addServices(serviceDescription);

try {
DFAgentDescription[] monitors = DFService.search(myAgent, df);

_monitorAgents = new AID[monitors.length];
for (int i = 0; i < monitors.length; i++) {
_monitorAgents[i] = monitors[i].getName();
}
} catch (FIPAException ex) {
Logger.getLogger(MeterReadingA gent.class.getName()).log(Level. SEVERE,
null, ex);
}
ACLMessage msg = new ACLMessage(ACLMessage.INFORM);
for (AID monitorAgent : monitorAgents) {
msg.addReceiver(monitorAgent);

}

msg.setContent(CommonConstants.ShutdownMessage);
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myAgent.send(msg);

}
}

package metermonitor.meterreadingagent.behaviours;

import jade.core.AlID;

import jade.core.Agent;

import jade.core.behaviours.TickerBehaviour;

import jade.domain.DFService;

import jade.domain. FIPAAgentManagement. DFAgentDescription;
import jade.domain. FIPA AgentManagement.ServiceDescription;
import jade.domain.FIP AException;

import jade.lang.acl. ACLMessage;

import java.util.logging.Level;

import java.util.logging. Logger;

import metermonitor.common.utilities. CommonConstants;

import metermonitor.meterreadingagent.agent.MeterReading A gent;
import metermonitor.monitoragent.agent. MonitorAgent;

/**

*

* @author Dulan Ranawaka

*/

public clgss NotifyStactupBehayiour exfends TickerBehaviour

private¥b| | monitor Algetits;
public>I\_Io‘tifyStartuchhaviour(Agcnt a, long period) {
super(a, period);

}

@Override
protected void onTick() {
if(myAgent instanceof MeterReadingAgent) {
((MeterReadingA gent)myA gent).showMessage("Searching for monitors..");
b

ServiceDescription serviceDescription = new ServiceDescription();
serviceDescription.setType(CommonConstants.MonitorServiceType);

DFAgentDescription df = new DFAgentDescription();
df.addServices(serviceDescription);

try {
DFAgentDescription[] monitors = DFService.search(myAgent, df);

_monitorAgents = new AID[monitors.length];
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for (int 1= 0; i < monitors.length; i++) {
_monitorAgents[i] = monitors[i].getName();
H
} catch (FIPAException ex) {
Logger.getLogger(MeterReadingA gent.class.getName()).log(Level. SEVERE,

null, ex);

}

if(myAgent instanceof MeterReadingAgent) {
((MeterReadingA gent)myA gent).showMessage("Informing startup to
monitors..");

}

ACLMessage msg = new ACLMessage(ACLMessage.INFORM);

for (AID monitorAgent : monitorAgents) {
msg.addReceiver(monitorAgent);

}

msg.setContent(CommonConstants.StartupMessage);
myAgent.send(msg);

-l

s

67



Appendix D : DATABASE AGENT SOFTWARE CODE

package metermonitor.dataentryagent.agent;

import jade.core.AlID;

import jade.core.Agent;

import java.util. AbstractList;

import java.util. ArrayList;

import java.util. Hashtable;

import java.util.List;

import metermonitor.dataentryagent.behaviours.MonitorDiscoveryBehaviour;
import metermonitor.dataentryagent.behaviours.NotifyMetersBehaviour;

/**
*

* @author Dulan Ranawaka
*/
public class DataEntryAgent extends Agent {

private List<AID> monitorAgents = new ArrayList<AID>();
private Hashtable<String, String> meters = new Hashtable<>();
private DataEntryAgentForm agentUiForm = null;
@Overgzide
protegt@davoid setup() |
_agéaithF orm=0iew DatabntryAgentKermilis);
_ agBbBliF orm.setVisible(trye);
_agentUiForm.setAgentName(getAID().getName());

showMessage("Starting behaviours...");

addBehaviour(new MonitorDiscoveryBehaviour(this, 15000, monitorAgents));

}

public boolean addMeter(String meterNumber, String meterlp) {
if (_meters.containsKey(meterNumber) | meters.containsValue(meterlp))
return false;

_meters.put(meterNumber, meterlp);

addBehaviour(new NotifyMetersBehaviour(_monitorAgents, meterNumber,
meterlp));

return true;

}

public void showMessage(String message) {
_agentUiForm.addMessage(message);

}
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}

package metermonitor.dataentryagent.agent;

import javax.swing.DefaultListModel;
import javax.swing.ListModel;

/**
%
* @author Dulan Ranawaka
*/
public class DataEntryAgentForm extends javax.swing.JFrame {

private final DataEntryAgent dataEntryAgent;

/**

* Creates new form DataEntryAgentForm

* @param dataEntryAgent

*/

public DataEntryAgentForm(DataEntryAgent dataEntryAgent) {
this. dataEntryAgent = dataEntryAgent;

initComponents();

}

JEE e
* Thi'sg;;?%eithod ts called fromy within-the donstructor tonitialize the form.

* WARNING: RaNOT mhodifyithis.chde. The content of this method is always
* regenerated by the Form Editor.

*/

@SuppressWarnings("unchecked")

// <editor-fold defaultstate="collapsed" desc="Generated Code">

private void initComponents() {

jLabell = new javax.swing.JLabel();
txtMeterNumber = new javax.swing.JTextField();
jLabel2 = new javax.swing.JLabel();
txtMeterlp = new javax.swing.J TextField();
btnAdd = new javax.swing.JButton();
jScrollPanel = new javax.swing.JScrollPane();
IstMessages = new javax.swing.JList();
jLabel3 = new javax.swing.JLabel();

jLabel4 = new javax.swing.JLabel();
jScrollPane2 = new javax.swing.JScrollPane();
IstMeters = new javax.swing.JList();

setDefaultCloseOperation(javax.swing. WindowConstants. EXIT ON_CLOSE);
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jLabell .setText("Meter Number");
jLabel2.setText("Meter IP");

btnAdd.setText("Add");
btnAdd.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {
btnAddActionPerformed(evt);
}
1)

jScrollPanel .setViewportView(IstMessages);
jLabel3.setText("Meters");
jLabel4.setText("Messages");

jScrollPane2 .setViewportView(lstMeters);

javax.swing.GroupLayout layout = new
javax.swing.GroupLayout(getContentPane());
getContentPane().setLayout(layout);
layout.setHorizontalGroup(
layeut.createParallelGrqup(javax swing Grouplayqut, Alignment. LEADING)
.aé@gjroup(layout.CrcatcScqucntial(}roup()
.add(iro@pﬂ_ayout.createParallchroup(javax.swing.GroupLayout.Ali gnment. LEADI
NG) -
.addGroup(layout.createSequentiaiGroup()
.addContainerGap()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADI
NG)
.addComponent(jScrollPane2,
javax.swing.GroupLayout.Alignment. TRAILING)
.addGroup(layout.createSequential Group()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. TRAILI
NG, false)
.addGroup(layout.createSequential Group()
.addComponent(jLabel2,
javax.swing.GroupLayout. PREFERRED SIZE, 103,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED,
javax.swing.GroupLayout. DEFAULT _ SIZE, Short. MAX VALUE)
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.addComponent(txtMeterIp,
javax.swing.GroupLayout. PREFERRED SIZE, 218,
javax.swing.GroupLayout. PREFERRED SIZE))

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. LEADI
NG)
.addComponent(jLabel3)
.addGroup(layout.createSequential Group()
.addComponent(jLabell)
.addGap(18, 18, 18)
.addComponent(txtMeterNumber,
javax.swing.GroupLayout. PREFERRED SIZE, 218,
javax.swing.GroupLayout. PREFERRED SIZE))))
.addGap(0, 0, Short MAX VALUE)))

.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement. RELATED))
.addGroup(layout.createSequential Group()
.addGap(260, 260, 260)
.addComponent(btnAdd,
javax.swing.GroupLayout. PREFERRED SIZE, 91,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement. RELATED,
javax.swipg.Grouplhayqut REFAUICT SIZE: Short MAX VALLIE)))

.add(iroﬂ%étyout.createParallelGrou pjavax.swing.Groupllayout Alignment. LEADI
NG) e
~ .addComponent(jScrollPanel,
javax.swing.GroupLayout. PREFERRED SIZE, 302,
javax.swing.GroupLayout. PREFERRED_SIZE)
.addComponent(jLabel4))
.addContainerGap())
);
layout.setVertical Group(
layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADING)
.addGroup(javax.swing.GroupLayout. Alignment. TRAILING,
layout.createSequentialGroup()
.addContainerGap()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. BASEL
INE)

.addComponent(jLabel3)

.addComponent(jLabel4))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. UNRELATED)
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.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. LEADI
NG, false)
.addGroup(layout.createSequential Group()
.addComponent(jScrollPane2,
javax.swing.GroupLayout. PREFERRED SIZE, 201,
javax.swing.GroupLayout. PREFERRED_SIZE)
.addGap(18, 18, 18)

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. BASEL
INE)
.addComponent(jLabell)
.addComponent(txtMeterNumber,
javax.swing.GroupLayout. PREFERRED SIZE,
javax.swing.GroupLayout. DEFAULT SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. BASEL
INE)
.addComponent(txtMeterlp,
javax.swing.GroupLayout. PREFERRED_SIZE,
javax.swipg.GrouplLayqut. REFAULET SIZE,
javax.swgf%(iroupLayout.PRE FERRED SIZE)
s addComponent(jLabel2y)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. UNRELATED)
.addComponent(btnAdd))
.addComponent(jScrollPanel))
.addContainerGap(javax.swing.GroupLayout. DEFAULT SIZE,
Short. MAX VALUE))

)

pack();
}// </editor-fold>

private void btnAddActionPerformed(java.awt.event. ActionEvent evt) {
if (!_dataEntryAgent.addMeter(txtMeterNumber.getText(),
txtMeterlp.getText())) return;

ListModel meterListModel = IstMeters.getModel();
if (meterListModel == null || !(meterListModel instanceof DefaultListModel))

{

meterListModel = new DefaultListModel<>();
IstMeters.setModel(meterListModel);

}
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((DefaultListModel)meterListModel).addElement(String.join("@",
txtMeterNumber.getText(), txtMeterIp.getText()));

}

// Variables declaration - do not modify
private javax.swing.JButton btnAdd;

private javax.swing.JLabel jLabell;

private javax.swing.JLabel jLabel2;

private javax.swing.JLabel jLabel3;

private javax.swing.JLabel jLabel4;

private javax.swing.JScrollPane jScrollPanel;
private javax.swing.JScrollPane jScrollPane2;
private javax.swing.JList IstMessages;

private javax.swing.JList IstMeters;

private javax.swing.JTextField txtMeterlp;
private javax.swing.JTextField txtMeterNumber;
// End of variables declaration

public void setAgentName(String agentName) {
this.setTitle(agentName);

}

publigimid addMessage(String message) §
ListMed¢] metertdllistModel' = IstMessages’ getModel():
if (1f1€1¢1’1dListModcl Fp okt MimetkrldListModel instanceof
DefaultListModel))
t
meterldListModel = new DefaultListModel<>();
IstMessages.setModel(meterldListModel);

h
if(((DefaultListModel)meterldListModel).size()>10)

{
((DefaultListModel)meterIdListModel).clear();
((DefaultListModel)meterldListModel).removeAllElements();
}
((DefaultListModel)meterldListModel).addElement(message);
b
b
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package metermonitor.dataentryagent.behaviours;

import jade.core.AlID;

import jade.core.Agent;

import jade.core.behaviours.TickerBehaviour;

import jade.domain.DFService;

import jade.domain. FIPAAgentManagement. DFAgentDescription;
import jade.domain. FIPAAgentManagement.ServiceDescription;
import jade.domain.FIP AException;

import jade.lang.acl. ACLMessage;

import java.util.List;

import java.util.logging.Level;

import java.util.logging. Logger;

import metermonitor.common.utilities. CommonConstants;

import metermonitor.dataentryagent.agent. DataEntryAgent;
import metermonitor.meterreadingagent.agent.MeterReading A gent;

/**
*

* @author Dulan Ranawaka

*/

public class MonitorDiscoveryBehaviour extends TickerBehaviour {
private List<AID> monitorAgents;

publi¢ MgnitorDiscc)\'CI'yBcha\"iour(Agcnt a, long period, List<AID>
monitor&ge_’nts) {
supgeés period)y

_monitorAgents = monitorAgents;

}

@Override
protected void onTick() {
if(myAgent instanceof DataEntryAgent) {
((DataEntryAgent)myAgent).showMessage("Searching for monitors..");

}

ServiceDescription serviceDescription = new ServiceDescription();
serviceDescription.setType(CommonConstants.MonitorServiceType);

DFAgentDescription df = new DFAgentDescription();
df.addServices(serviceDescription);

try {
DFAgentDescription[] monitors = DFService.search(myAgent, df);

_monitorAgents.clear();
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for (int 1= 0; i < monitors.length; i++) {
_monitorAgents.add(monitors[i].getName());
}
} catch (FIPAException ex) {
Logger.getLogger(MeterReadingA gent.class.getName()).log(Level. SEVERE,
null, ex);
}
}
}

O

-l
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package metermonitor.dataentryagent.behaviours;

import jade.core.AlID;

import jade.core.behaviours.OneShotBehaviour;

import jade.lang.acl. ACLMessage;

import java.util.List;

import metermonitor.dataentryagent.agent. DataEntryAgent;

/ sk
*
* @author Dulan Ranawaka
*/
public class NotifyMetersBehaviour extends OneShotBehaviour {

private List<AID> monitorAgents;
private String meterNumber;
private String _meterlp;

public NotifyMetersBehaviour(List<AID> monitorAgents, String meterNumber,
String meterlp) {
_monitorAgents = monitorAgents;
_meterNumber = meterNumber;
_meterlp = meterlp;

}

@ ()Veg“;}e
publigi¥etd actionf){

if(myAgent instanceof DataEntryAgent) {
((DatabEntryAgent)myAgent).showMessage("Notifying meters...");
b

for (AID monitorAgent : monitorAgents) {
ACLMessage msg = new ACLMessage(ACLMessage.INFORM REF);
msg.addReceiver(monitorAgent);

String messageContent = String.join("@", meterNumber, meterlp);

msg.setContent(messageContent);
myAgent.send(msg);
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Appendix E : DELAY TIME MEASUREMENTS

| 4| Monitor@10.217.5.252:1099/JADE

from Meter IP:10.217.5.35 Delay Time: ©307Tms Mag byce:4417
from Meter IP:10.217.5.53 Delay Time: ©330ms Msg byte:4087
from Meter IP:10.217.5.13 Delay Time: ©319ms Mag byte:40385
from Meter IP:10.217_.5.52 Delay Time: ©328ms Msg byte:4198
from Meter IP:10.217.5.61 Delay Time: ©303ms Mag byte:4130
from Meter IP:10.217.5.87 Delay Time: ©306ms Msag byce:4415
from Meter IP:10.217_.5_57 Delay Time: ©353ms Msg byte:-444e
from Meter IP:10.217.5.Z3 Delay Time: ©330ms Msag byce:3583
from Meter IP:10.217_.5.5% Delay Time: ©326ms Msg byte:3891
from Meter IP:10.217.5.Z Delay Time: £335ms Msg oyte:-4415

from Meter IP:10.217_.5.62 Delay Time: ©33Zms Msg byte:35Z1
from Meter IP:10.217.5.73 Delay Time: €327Tms Mag byte:4Z212
from Meter IP:10.217.5.34 Delay Time: ©31lms Msag byce:3542
from Meter IP:10.217.5.13 Delay Time: ©331ms Msg byte:-4135
from Meter IP:10.217.5.41 Delay Time: ©340ms Msag byce: 3831
from Meter IP:10.217_.5_.2%9 Delay Time: ©315ms Msg byte:4235

from Meter IP:10.217.5.36 Delay Time: ©324ms Mag byte:4371
from Meter IP:10.217.5.4 Delay Time: £345ms Msg oyte:-4053
from Meter IP:10.217.5.54 Delay Time: €334ms Mag byce:33503
from Meter IP:10.217_.5.61 Delay Time: ©333ms Msg byte:4401
from Meter IP:10.217.5.5 Delay Time: £348ms Msg oyte:4Z&3
from Meter IP:10.217.5.3¢6 Delay Time: ©309ms Msg byte:4183
from Meter IP:10.217_.5.58 Delay Time: €357Tms Mag byte:4251
from Meter IP:10.217.5.33 Delay Time: €304ms Mag byte:4008

om Meter IF:10.217.5.3

Delay Time: &32&ms Mag i

rte:4003

(T3]

by Time, Measurements, when One Meter Access Agent Running

32175 pevesybib.mirt.ac 1k =1 |

Meter IP-10.Z17.5.40 D

Beply from Meter IP:10.217.5.55 Delay Time: 471lms Msg byte:-4051
Reply from Meter IP:-10.217.5.53 Delay Time: 4705ms Msg byte:44Z27
Beply from Meter IP:10.217.5.1% Delay Time: 471Zms Msg byte:4364
Reply from Meter IP:-10.217.5.35 Delay Time: 470lms Msg byte:4301
Beply from Meter IP:10.217.5.96 Delay Time: 4709ms Msg byte:-444Z2
Reply from Meter IP:10.217.5.84 Delay Time: 4713ms Msg byte:424s
Beply from Meter IP:10.217.5.85 Delay Time: 472Zms Mag byte:4Z035
Beply from Meter IP:-10_217_.5_24 Delay Time: 4723ms Msg byte:33ZZ2
Beply from Meter IP:10.217.5.75 Delay Time: 473Zms Mag byte:40&2
Beply from Meter IP:-10_217_5_85 Delay Time: 4738ms Msg byte:4245
Beply from Meter IP:10.217.5.15 Delay Time: 4701lms Mag byte:4357
Beply from Meter IP:-10_217_5_83 Delay Time: 471Zms Msg byte:4117
Beply from Meter IP:10.217.5.84 Delay Time: 4734ms Msg byte:4Z83
Beply from Meter IP:10.217.5.74 Delay Time: 47Z23ms Msg byte:-4406
Reply from Meter IPF:10.217.5.36 Delay Time: 4703ms Msg byte:4001
Beply from Meter IP:10.217.5.1 Delzay Time: 4704ms Mag byte:-4184

Reply from Meter IPF:10.217.5.25 Delay Time: 4720ms Msg byte:4243
Beply from Meter IP:-10_217.5_20 Delay Time: 470lms Msg byte-4284
Reply from Meter IF:10.217.5.44 Delay Time: 4700ms Msg byte:4Z56
Beply from Meter IP:-10_217.5_37 Delay Time: 4718ms Msg byte:-3944
Reply from Meter IPF:10.217.5.53 Delay Time: 4708ms Msg byte:dZel

el

v Time: 473Zms

g byte:-3315

Delay Time Measurements when Two Meter Access Agent Running
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from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter

from Meter

IP:10.217.5.85 Delay Time: 341ims
IP:10.217.5.31 Delay Time: 3445ms
IP:10.217.5.5 Delay Time: 343Zms
IP:-10.217.5.18 Time: 345cms
IP:-10.217.5_72 i 34ldms
IP:10.217.5.51 3462ms
IP:10.217.5.82 3458ms
IP:10.217.5.81 354Bms
IP:10.217.5.80 3475ms
IP:10.217.5.54 3525ms
IP:-10.217.5.51 3528ms
IP:10.217.5.17 3533ms
IP:10.217.5.2¢ 3450ms
IP:10.217.5.18 341ims
IP:10.217.5.86 3435%ms
IP:10.217.5.73 3508ms
IP:10.217.5.52 3b5ems
IP:10.217.5.28 Delay 354ims
IP:10.217.5.1 Delay Time: 3427ms
IP:10.217.5.17 Delay Time: 3533ms
IP:10.217.5.81 Delay Time: 3463ms
IP:10.217.5.21 Delay Time: 34&5%ms
IP:10.217.5.47 Delay Time: 3400ms

Delay
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:

Time:

Mag byte:3304
Mag byte:4107
Mag byte:3887

byte:3335
byte:4274
byte:3328
byte:4021
byte:4375
byte:3323
byte:4337
byte:4237
byte:4248
byte:4366
byte:4404
byte:4225
byte:3884
byte:4070
Mag byte:41835
Mag byte:3387

Mag byte:4420
Msg byte:4182
Mag byte:4275
Mag byte:3315

Mag
Msg
Mag
Mag
Msg
Mag
Mag
Msag
Mzg
Mag
Mag
Mag
Mag
Mag

Dglay TimeMeasurements whep Three Meter-Aecess Agent Running
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Delay Time Measurements when Four Meter Access Agent Running
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elay ITime: £33lms
IP:10_.217.5.7 Delay Time: Z551ms
IP:10.217.5.3% Z2451ms
IP-10.217_ 5H_12 2580ms
IP-10.217.5.3% Z43ems
IP:-10.217.5.20 Z2435ms
IP:10.217.5.14 2590ms
IPS1B- 237 555 Z44Tms
IP:-10.217.5.94 2552ms
IP:z10.217.5.78
IP:10.217.5.40
IP:10.217.5.80
IPSY0_ 237 5.X5 Z248Tms
IP:10.217.5.70 Deley Z50ems
IP:10.217.5.% Delay Time: 2544ms
IP:z10.217.5.75 Z4BEms
IP-10_217.5.45 Z553ms
IP-10_217.5.87 Z464ms
IP:10.217.5.41 Z460ms
IP:10.217.5.92 Z2439ms
IP:10.217.5.85 Z501ms

IF:10.217.5.28
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:

Delay Time: Z5Z4ms
Z50Zms

Z2501ms

Delay Time:

Delay Time:
Delay Time:

Time:

Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:

Delay Time:
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53
lisg byte:2030
Mag byte: 3371

byte:4047
byte:4351
byte:4255
byte:4380
byte:443c
byte:4302
byte:414%
byte: 4405
byte:4335%
byte: 4000
byte: 4237
Mag byte:4104
Mag byte:4080

HMsg byte:43Z1
Mag byte:4057
Msag byte:41le3
Msg byte: 4005
Hsg byte:4341
HMsg byte:43&3

Hag
Hsg
Mag
Mag
Mag
Mag
Mag
Mag
Hag
Hag
Msg
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Reply from

Beply from
Reply from
Beply from
Reply from
Beply from
Reply from
Beply from

Heply

from
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Reply

from

Heply
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Reply
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Reply from

from

Reply
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from

from

Reply
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from

Reply

from

Reply

from

Reply

from

Reply

from

Beply

Heter
Heter
Heter
Heter
Heter
Heter
Heter
HMeter
Heter
Heter
Heter
Heter
Heter
Heter
Heter
Heter
Heter
Heter
Heter
Heter
Meter
Heter
Heter

IP:10.217.5.935 Delay Time: Z108ms
IP:-10.217.5.50 Delay Time: Z14Zms
IP:10.217.5.%8 Delay Time: 212%ms
IP:-10.217.5.30 Delay Time: Z2103ms
IP:10.217.5.42 Delay Time: Zlld4ms
IP:10.217.5.58 Delay Time: 2153ms
IP:-10.217.5.21 Delay Time: 21Z4ms
IP:-10.217.5.77 Delay Time: Z1Zlms
IP:10.217.5.83 Delay Time: Z14Zms
IP:10.217_.5.88 Delay Time: 2145ms
IP:10.217.5.57 Delay Time: 21ZZms
IP:10.217.5.73 Delay Time: 2155ms
IP:10.217.5.%4 Delay Time: 2143ms
TP:-10_217_.5_84 Delay Time: Z110ms
IP:10.217.5.0 Delay Time: Zlléms
IP:10.217.5.2%8 Delay Time: 2115ms
IP:10.217.5.73 Delay Time: 2130ms
IP:10.217.5.5 Delay Time: Z2151ms
IP:-10.217.5.93 Delay Time: 2140ms
IP:10.217.5.34 Delay Time: 2153ms
IP:10.217.5.88 Delay Time: 215lms
IP:10.217.5.%8 Delay Time: 2113ms
IP:10.217.5.83 Delay Time: Z213€ms

Mag

byte:4241
byte:40%2
byte:41el
byte:4121
byte:42Z55
byte:4120
byte:-4180
byce:4204
byte:4245
byte-4143
byte:4225
byte-4251
byte:4254
Mag byte-35343
Mag byte:4Z51

Mag byte:42%0
Mag byte:-4Z16
Mag byce:3910

Mag byte-428Z
Mag byte:41Z0
Mag byte:-4005
Mag byte:4led
Msg byte:4leZ

Mag
Mag
Mag
Mag
Mag
Mag
Mag
Mag
Mag
Mag
Mag
Mag

Delay Time Measurements when Five Meter Access Agent Running
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1.217_5.38 Delay e: 10 s Msg byte: 7
ply IE 217 14 Delay =1 5 13
Beply from Meter IP:-10.217.5.75 Delay Time: 953ms
Beply from Meter IP:10_217_5_35 Delay Time: 55Zmas Mag byte:4258
Beply from Meter IP:-:10.217.5_32 Delay Time: 1015ms Msg byte:-4008
Beply from Meter IP:10_217_5_33 Delay Time: 1035ms Msg byte:3353Z
Beply from Meter IP:10.217.5.85 Delay Time: 35Zms Mag byte:410&
Beply from Meter IP:10_217_5_8& Delay Time: 551mas Mag byte:3351
Reply from Meter IP:10.217.5.86 Delay Time: 36lms Mag byte:4303
Beply from Meter IP:10.217.5_.20 Delay Time: 1030ms Msg byte:4373
Beply from Meter IP:-10_.217_.5.50 Delay Time: 1040ms Mag byte:4131
Beply from Meter IP:10.217.5.7 Delay Time: 377ms Msg byte:-4Z4c
Beply from Meter IP:-10_217_5_23 Delay Time: 3e8ma Mag byte:3370
Beply from Meter IP:10.217.5.532 Delay Time: 1041ms Msg byte:421Z
Beply from Meter IP:10.Z217.5.53 Delay Time: 1030ms Msag byte:4180
Beply from Meter IP:10.217.5.87 Delay Time: 974ma Msg byte:3308
Beply from Meter IP:10.217.5.Z21 Delay Time: 35Tms Msg byte:437¢
Beply from Meter IP:10.217.5.70 Delay Time: 1037ma Mag byte:-4204
Beply from Meter IP:10.217.5.5 Delay Time: 1018ms Msg byte:4357
Beply from Meter IP:10.217.5.47 Delay Time: 10Z24ma Mag byte:-3935
Beply from Meter IP:10.217.5.33 Delay Time: 1004ms Mag byte:434c
Beply from Meter IP:10.217.5.1% Delay Time: 9559ma Msg byte:4259

Delay Time Measurements when Ten Meter Access Agent Running
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i Beply from Meter TP:10.217_5_8% Delay Time: 763ms Msg byte:-4178
Beply from Meter IP:10.217.5.83 Delay Time: 795ms Msg byte:4132
RBeply from Meter IP:10.217.5.37 Delay Time: 794ms Msg byte-4339
Reply from Meter IP:10.217.5.89 Delay Time: 755ms Msg byte:4300
Reply from Meter IP:10.217.5.79 Delay Time: 78lms Msg byte:-402Z6
RBeply from Meter IP:10.217.5.17 Delay Time: 792Z2ms Msg byte:-4140
Beply from Meter IP:10.217.5.33 Delay Time: 81Zms Msg byte:397&
Beply from Meter TP:10.217.5_2 Delay Time: 784ms Msg byte-4008

Reply from Meter IP:10.217.5.15 Delay Time: 823ms Msg byte: 4253
Beply from Meter IP:10_.217.5.85 Delay Time: 820mas Mag byte:4392
RBeply from Meter TP:10_.217_.5_47 Delay Time: 784ms Msag byte-4402
Beply from Meter IP:10.217.5.75 Delay Time: 75lmas Mag byte:4370
Reply from Meter IP:-10_217.5_69 Delay Time: 771lms Msag byte-4078
Beply from Meter IP:10.217.5.14 Delay Time: 770ms Ma3g byte:4253
Beply from Meter IP:10.217.5.39Z Delay Time: 757ma Mag byte:4133
Beply from Meter TP:-10.217_5_38 Delay Time: 7689ms Msg byte:-3376
Beply from Meter IP:10.217.5.5Z Delay Time: 825ms Mag byte:4055
Beply from Meter IP:10.217.5.22 Delay Time: 79Zms Mag byte:359&0
Reply from Meter IP:10.217.5.53 Delay Time: 758ms Msg byte:3588
Beply from Meter IP:10.217.5.91 Delay Time: 759%ma Mag byte:42Z1
Beply from Meter TP:10.217_5_21 Delay Time: 80lms Msg byte:415&
Beply from Meter IP:10.Z17.5.30 Delay Time: 825m3 Msg byte:4278

Delay Time Measurements when Fifteen Meter Access Agent Running
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Beply from Meter 5.44 Delay Time: ©3Zms Mag byte:40ce
Beply from Meter IP:10.217.5.28 Delay Time: &64Zma Mag byte:4008
Beply from Meter TIP:10_217_5_74 Delay Time: &7lms Msag byte:33533
Beply from Meter IP:10.217.5.18 Delay Time: c3oms Mag byte:4318
Beply from Meter IP:10.217.5.16 Delay Time: €71lms Mag byte:4100
RBeply from Meter IP:10_217_5_58 Delay Time: €2Tms Msg byte-4253
Beply from Meter IP:10.217.5.684 Delay Time: &Zlms Mag byte:4270
Beply from Meter IP:10_217_5_54 Delay Time: &00ms Msg byte-4025
Reply from Meter IP:10.217.5.87 Delay Time: &@5ms Mag byte:44Z1
Beply from Meter IP:10.217.5.50 Delay Time: &78m3 Mag byte:3527
Beply from Meter IE:10_217_5_55 Delay Time: &04ms Mag byte:431ée
Reply from Meter IP:10.217.5.97 Delay Time: &8lms Msg byte:43E85
Beply from Meter IP:10.217.5.43 Delay Time: &74ma Mag byte:4204
Reply from Meter IP:-10_217_5_10 Delay Time: &33ms Msg byte:3377
Reply from Meter IP:10.217.5.7Z Delay Time: ©GZma Mag byte:3514
Beply from Meter IP:10.217.5.9% Delay Time: &78ma Mag byte:4350
RBeply from Meter IP:10_217_5_71 Delay Time: &4Zms Msag byte:-4435
Reply from Meter IP:10.217.5.97 Delay Time: €32ma Mag byte:415%
Beply from Meter IP:10.217_.5.70 Delay Time: &45ms Msg byte-4Z87

Delay Time Measurements when Twenty Meter Access Agent Running



