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Abstract

These Days, the dependence of computer networking systems become essentially
to save time and money, Organizing and implementing this aim, we should use the
the network simulator to improve the performance prediction and to prevent the

problems which faces the computers networks implementations.

A future technical strategy is to build and install in each buildings, houses, and homes
"Power Meter — Web Server", helping to collect the reading information and bills
paying. In the very near future all of the devices in our houses and offices will be web
enabled, hence each device or group of devices will be generating more and more
information. Such information is most likely to be presented to the required clients
using database web access techniques. Also the way of collecting and monitoring

such data or information is considered as one of the most challenging problems.

Depending on the previous information we will study and simulate the idea of power
meter networks using different technologies; this includes telephone lines, local area
network technologies, wireless, and the power line carrier or PLC. We model and
simulate some of these techniques, show the result and observed the suggestions of
how to use these technologies in the power metering systems modeling with better

performance.
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Glossary

Delay: The communication delay over different types of links, due to distance. For
point-to-point links, the delay is usually a constant, while he delays for bus links is
measured per unit-distance. Radio link delays are based on the distance separating

the transmitter from the receiver.

Dropped data packets: due to the overflow of higher-layer buffer, so they are not
part of the load.

OPNET: Optimized Network Engineering Tool, the general name for OPNET’s
modeling software products. OPNET refers to all programs, scripts, model libraries,

and other components.

Packet: A structured message that carries information between network
components.OPNET lets you define the size, format, and fields of the packets in a

system.
Queuing delay: represents instantaneous measurements of packet waiting times in
the transmitter channel's queue. Measurements are taken from the time a packet

enters the transmitter channel queue to the time the last bit of the packet is

transmitted

Receiver: An entity within a node that receives information across a link.

Scenario: A single instance of a network model, containing all related information

(such as simulation settings and results).
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Simulation: An activity hat provides a way to observe model behavior and obtain

performance statistics for analysis.

Statistic: A numeric variable representing the behavior of a node or link model or of
an entire system (network model).The value of a statistic may change during a

simulation run or it may change only from one simulation run to the next.

Load: Total number of bits received from the higher layer to the MAC layer. Packets

arriving from the higher layer are stored in the higher layer queue.

Throughput: Total number of bits sent to the higher layer from the MAC layer. The
data packets received at the physical layer are sent to the higher layer if they are
destined for this station, and they will arrive to the IP layer if they are rerouted to

other station.

Throughput for link: represents the average number of packets successfully

received or transmitted by the receiver or transmitter channel per second.

Traffic: it is the upper layers packets forwarded downstream to the network, all this
traffic is supposed to be converted to load after adding the headers of the network
and the data link layers. If the traffic size exceeds the capacity of the lower layers,
part of the traffic will be dropped and the load is only the acceptable part of the
traffic.

Transmitter: An entity within a node that sends information across a link.

Utilization: represents the percentage of the consumption to date of an available

channel bandwidth, where a value of 100.0 would indicate full usage.
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CHAPTER ONE: INTRODUCTION

1.1 Introduction

The world we are living in, is a world which is developed very rapidly , the need
to have a fastest communication system are necessary to minimize the time and to save
energy, money and costs, these demands pressing to find the proper technology ideas to

satisfied these important aims.

Computer networks, recently are the most technological solutions for many different
communication problems, which are defined as an accumulation of computers, modems,
control switches, software, protocol ..etc.

Many technical problems occurred when we are using the regular network
communication systems such as, interface error problems, connecting with the main

network server, wiring and data transmission.

In our project we are spotting the light for the necessity at the using of network
simulation and using the simulation to build a network of automatic meter reading
system represent the real network, Simulations are usually used to analyze the
conceptual design of the network the initial conceptual design is usually refined several
times until a final decision is made to implement the design one of our objectives is to
have a design that maximizes the network performance, taking into consideration the
cost constraints and the required services to be offered to different types of users, After

the network has been implemented, network optimization should be performed




periodically throughout the lifetime of the network to ensure maximum performance of

the network and to monitor the utilization of the network resources.

Every home nowadays contains power meter, to collect the reading and pay the bill by
traditional way of Kwatt reading that may causing an real information submission at the
electrical power consuming data beside the bill collections, so we decide in this project
to avoid this technique and problems of it by replace it with Automatic power meter
system with Ethernet port provide a very cost effective way of sending the information
to the end users or to the database servers. The network is always on, connection that
provides data streaming and data updates for real time data information. All meters
transmit the stored data over the internet to the data collection servers that store,
calculate and aggregate the energy information. Portfolios are created which bring all the
metered data to a centralized, So to satisfy this replacement we use OPNET simulator,
which provides a comprehensive development environment supporting the modeling of
communication networks and distributed systems, Both behavior and performance of
modeled systems can be analyzed by performing discrete event simulations, the OPNET
environment incorporates tools for all phases of a study, including model design,
simulation, data collection, and data analysis.

OPNET provides a Virtual Network Environment that models the behavior of our entire

network, including its routers, switches, protocols and servers.

We illustrated in this project how we modeled and simulated a part of Hebron city power
meters using OPNET simulator, and study the performance of different techniques used

to implement the automatic power meter.




1.2 Estimated Cost

Hardware cost:

Table 1.1: hardware cost

Component Price
Personal computer(p4) 10003
RAM 512 508
Hard disk 40G(at least) 50%
Monitor 408
CD ROM 203
Floppy drive 123
FLASH(256M) 20%
Printed papers 500%
Total 1692%

Software cost:
Table 1.2: software cost

Component Price
OPNET SW 5000%
Windows XP 200%
Office XP 100$
Capture SW 100$
Total 1400$
1.3 Time plane

In the first semester we have modeled part of Palestine polytechnic university

network and the aim for this work was to trained for using OPNET simulator for more

information see appendix (1).




Table 1.3 : Time Plane For PPU Network

Task Duration (weekly)

1 2 BYI5617 189 [10j11[12{13]14]15

Choose the project &
Supervisor

Collecting Data and
reading

[nstall OPNET and
applied labs.

Draw and simulate the
ppu network.

Documentation for
casel.

In the second semester we have model the automatic power meter reading .

Tablel.4: time plane for AMR

Task Duration (weekly)

1 RBUY P67 B9 |10]11]12]13]14

Collecting information
from municipality

Create different
scenarios of automatic
meter reading

Implementation and
obtain the results.

Documentation..




1.4 System Requirement

o Hardware requirement:

Intel Pentium I, 4 or compatible (500 MHz or better)
256 MB RAM min

Hard disk 40GB

o software requirement:

OPNET simulator (version 8)

1.5 Report content

This project contain six chapters each chapter divided into branches in chapter
one which talk about introduction that contains the general idea and importance of the
project ,estimated cost, time planning and risk management.

In chapter two that include the theoretical background about essential clause and
definition in the network such as LAN, WAN, types of connecting devices and protocols
also talk about the definition and importance of simulator we use (OPNET), wireless
technology benefit, limitation and types, xDSL technology and PLC Finally in this
chapter included with the basic information about automatic meter reading.

In chapter three which talk about simulation design including project objective general
block diagrams, how system works and system modeling.

In chapter four which talk about detailed system design and automatic power meter
models will be presented. In chapter five which talk about implementation (simulation)
and testing for different number of scenarios and present the performance for each

scenario. Finally, A conclusions and future work discussions are presented in chapter 6.




CHAPTER TWO: THEORETICAL BACK GROUND

2.1 Overview of networking

The Internet today is a widespread information infrastructure, but it is
inherently an In secure channel for sending messages. When a message (or packet) is
sent from one Website to another, the data contained in the message are routed through a
number of intermediate sites before reaching its destination through network that can
consist of two computers connected together on a desk or it can consist of many Local
Area Networks (LANSs) connected together to form a Wide Area Network (WAN) across
a continent. The key is that 2 or more computers are connected together by a medium

and they are sharing resources, the resources can be files, printers and hard drives .

2.1.1 LANSs:

LANs (local area networks) are networks that connect computers and resources

together in a building or buildings close together.

Token Ring

Locul Area Network in a building

Figure 2.1 LAN




The components used by LANSs can be divided into cabling standards, hardware and

protocols. Examples of cabling standards used on LANSs are:

e Cat 3,4 and 5 cables

e IBM Type 19 cabling standards

o EIA568A and 568B

o Ethernet cabling standards: IEEE 802.3 (10Base5), IEEE 802.3a (10Base2),
IEEE 802.3i (10BaseT)

e Unshielded Twisted Pair (UTP)

e Shielded Twisted Pair (STP)

o Connectors: RJ45, RJ11, , RS232

2.1.2 WAN

Wide Area Networks (WANSs) connect LANs together between cities.

Montreal Office

A,
o e

WANs use Long Distunce Curriers

Figure 2.2 WAN




The main difference between a MAN and a WAN is that the WAN uses Long Distance

Carriers. Otherwise the same protocols and equipment are used as a MAN.

2.1.3 Transmission Media

There are two basic categories of Transmission Media:
e (Guided and
e Unguided.

Guided Transmission Media uses a "cabling" system that guides the data signals along a
specific path. The data signals are bound by the "cabling" system. Guided Media is also
known as Bound Media. Cabling is meant in a generic sense in the previous sentences
and is not meant to be interpreted as copper wire cabling only.

There four basic types of Guided Media Open Wire , Twisted Pair, Coaxial Cable and
Optical Fiber .

Unguided Transmission Media consists of a means for the data signals to travel but
nothing to guide them along a specific path. The data signals are not bound to a cabling

media and as such are often called Unbound Media such as RF (Radio Frequency).

2.1.3.1 Optical Fiber

Optical Fiber consists of thin glass fibers that can carry information at frequencies in
the visible light spectrum and beyond. The typical optical fiber consists of a very narrow

strand of glass called the Core. Around the Core is a concentric layer of glass called the

Cladding [1].
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Figure 2.3 Optical Fiber

2.1.4 ISO OSI model

The International Standards Organization (ISO) Open Systems Interconnect (OSI) is
a standard set of rules describing the transfer of data between each layer. Each layer has
a specific function. For example the Physical layer deals with the electrical and cable

specifications.

The OSI Model clearly defines the interfaces between each layer. This allows different
network operating systems and protocols to work together by having each manufacture
adhere to the standard interfaces. The application of the ISO OSI model has allowed the

modern multiprotocol networks that exist today. There are 7 Layers of the OSI model:

e 7. Application Layer (Top Layer)
o 6. Presentation Layer

e 5. Session Layer

o 4. Transport Layer

o 3. Network Layer

o 2. Data Link Layer

o 1. Physical Layer (Bottom Layer)




The following briefly describes the seven layers of the OSI model:

1. Physical layer.

The physical layer provides the interface with physical media. The interface itself is a
mechanical connection from the device to the physical medium used to transmit the
digital bit stream. The mechanical specifications do not specify the electrical
characteristics of the interface, which will depend on the medium being used and the
type of interface. This layer is responsible for converting the digital data into a bit
stream for transmission over the network. The physical layer includes the method of
connection used between the network cable and the network adapter, as well as the basic

communication stream of data bits over the network cable.

2. Data link layer.
The data link layer represents the basic communication link that exists between
computers and is responsible for sending frames or packets of data without errors. The

software in this layer manages transmissions, error acknowledgement and Recovery.

3. Network layer

The network layer is responsible for data transmission across networks. This layer
handles the routing of data between computers and also the protocol mechanisms
activate data routing by providing network address resolution, flow control in terms of
segmentation and blocking and collision control (Ethernet). The network layer also

provides service selection, connection resets and expedited data transfers. The Internet

Protocol (IP) runs at this layer.
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4. Transport layer

The transport layer is responsible for ensuring that messages are delivered error-free and
in the correct sequence. This layer splits messages into smaller segments if necessary
and provides network traffic control of messages. Traffic control is a technique for
ensuring that a source does not overwhelm a destination with data. When data is
received, a certain amount of processing must take place before the buffer is clear and

ready to receive more data. The transport layer, therefore, controls data transfer and

transmission.

5. Session layer

The session layer controls the network connections between the computers in the
network. The session layer recognizes nodes on the LAN and sets up tables of source
and destination addresses. It establishes a handshake for each session between different

nodes. Technically, this layer is responsible for session connection.

6. Presentation layer:

The presentation layer is responsible for the data format, which includes the task of
hashing the data to reduce the number of bits (hash code) that will be transferred. This
layer transfers information from the application software to the network session layer to
the operating system. The interface at this layer performs data transformations, data

compression, data encryption, data formatting, and syntax selection.

7. Application layer
The application layer is the highest layer defined in the OSI model and is responsible

for providing user-layer applications and network management functions. This layer
supports identification of communicating partners, establishes authority to communicate,

transfers information and applies privacy mechanisms and cost allocations. It is usually a

11




complex layer with a client/server, a distributed database, data replication and

synchronization. The application layer supports file services, print services, remote login

and e-mail. [2]

Application Gatwyas

Presentation

Session

Transport

Network Rottems

Data Link e S

Physical Rapeatars (Hubs)

Figure2.4 OSI Layers and Operating Connection Devices

2.1.5 Connecting Devices

Connecting devices are used to connect the segments of a network together or to
connect networks to create an internetwork. These devices are classified into five
categories: Switches, repeaters, bridges, routers and gateways. Each of these devices
except the first one (switches) interacts with protocols at different layers of the OSI
model. Repeaters forward all electrical signals and are active only at the physical layer.
Bridges store and forward complete packets and affect the flow control of a single LAN.
Bridges are active at the physical and data link layers. Routers provide links between
two separate LANs and are active in the physical, data link and network layers. Finally,

gateways provide translation services between incompatible LANs or applications, and

are active in all layers

12




2.1.5.1 Repeaters

The purpose of a repeater is to extend the LAN Segment beyond its physical
limits as defined by the Physical Layer's Standards. Typically, repeaters are used to
connect two physically close buildings together that are too far apart to just extend the

segment, Can be used to connect floors of a building together that would surpass the

maximum allowable segment length.

| I
| |
Repeater ’ I Repeater
] Unpopulated |
pop
gt [ L sego 1 P B
0 i 0 t —-1 0 4
100 | 100 I 100
John Ware | | Crandell
Building | | Building

Figure 2.5 Repeater

2.1.5.2 Hubs

Hubs are also called Multiport Repeaters or Concentrators. They are physical
hardware devices. Some Hubs are basic hubs with minimum intelligence, no
microprocessors Intelligent Hubs can perform basic diagnostics and test the nodes to see
if they are operating correctly. If they are not, the Smart Hubs or Intelligent Hubs will
remove the node from the network. Some Smart Hubs can be polled and managed
remotely; Hubs are used to provide a Physical Star Topology. The Logical Topology is

dependant on the Medium Access Control Protocol. At the center of the star is the Hub

with the network nodes on the tips of the star.
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Figure 2.6 Star Topology

2.1.5.3 Bridge

The purposes of a Bridge are:

o Isolates networks by MAC addresses.
o Manages network traffic by filtering packets.

o Translate from one protocol to another.

2.1.5.4 Routers

Routers are hardware and software devices. They can be cards that plug into a
collapsed backbone, stand-alone devices (rack mount or desktop) or software that would

run on a file server with two NICs.

The purpose of a router is to connect nodes across an internet work regardless of the
Physical Layer and Data Link Layer protocol used. Routers are hardware and topology
independent. Routers are not aware of the type of medium or frame used (Ethernet,

Token Ring, FDDI, X.25, etc...). Routers are aware of the Network Layer protocol used:
Novell's IPX, Unix's IP, XNS, Apples DDP.... etc.

14




Etheenet

Token
Ring

Figure 2.7 Router

2.1.5.5 Gateways

Gateway is the Hardware/Software device that is used to interconnect LANs &
WANSs with mainframe computers. Often the router that is used to connect a LAN to the
Internet will be called a gateway. It will have added capability to direct and filter higher
layer protocols (layer 4 and up) to specific devices such as web servers, FTP servers and

Email servers. [3]

2.1.6 Protocols

IP Version 6 (IPv6, or IPng):

IPv6 protocol. differs from IPv4 in a number of significant ways:

» The IP address length in IPv6 is increased from 32 to 128 bits.

o IPv6 can automatically configure local addresses and locate IP routers to reduce
configuration and setup problems.

« The IPv6 header format is simplified and some header fields dropped. This new header

format improves router performance and makes it easier to add new header types.
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« Support for authentication, data integrity and data confidentiality are part of the IPv6
Architecture, IPv6 completely revises the datagram format by replacing IPv4’s variable

length options field with a series of fixed-format headers.

2.1.6.1 Hypertext Transfer Protocol (HTTP)

HTTP is a protocol with the lightness and speed necessary for a distributed
collaborative hypermedia information system. It is a generic stateless object-oriented
protocol, which may be used for many similar tasks such as name servers, and
distributed object-oriented systems, by extending the commands, or "methods", used. A
feature if HTTP is the negotiation of data representation, allowing systems to be built

independently of the development of new advanced representations.

The protocol used to transfer a Web page between a browser and a Web server is known
as Hypertext Transfer Protocol (HTTP). HTTP operates at the application level and is a
protocol used mainly to access data on the World Wide Web. HTTP functions like a
combination of FTP and SMTP. It is similar to FTP because it transfers files, while
HTTP is like SMTP because the data transferred between the client and the server looks
like SMTP messages. However, HTTP differs from SMTP in the way that SMTP

messages are stored and forwarded, HTTP messages are delivered immediately.
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2.1.6.2 File Transfer Protocol (FTP)

File Transfer Protocol, the protocol for exchanging files over the Internet. FTP
works in the same way as HTTP for transferring Web pages from a server to a user's
browser and SMTP for transferring electronic mail across the Internet in that, like these
technologies, FTP uses the Internet's TCP/IP protocols to enable data transfer. FTP is
most commonly used to download a file from a server using the Internet or to upload a

file to a server (e.g., uploading a Web page file to a server).

2.1.6.3 Simple Mail Transfer Protocol (SMTP)

The Simple Mail Transfer Protocol (SMTP) provides a basic e-mail facility.
SMTP is the protocol that transfers e-mail from one server to another. It provides a
mechanism for transferring messages among separate servers. Features of SMTP include
mailing lists, return receipts and forwarding. SMTP accepts the incoming message and
makes use of TCP to send it to an SMTP module on another server. The target SMTP
module will make use of a local electronic mail package to store the incoming message
in a user’s mailbox. Once the SMTP server identifies the IP address for the recipient’s e-

mail server, it sends the message through standard TCP/IP routing procedures.
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Since SMTP is limited in its ability to queue messages at the receiving end, it’s usually
used with one of two other protocols, POP3 or IMAP that let the user save messages in a
server mailbox and download them periodically from the server. In other words, users
typically use a program that uses SMTP for sending e-mail and either POP3 or IMAP for
receiving messages that have been received for them at their local server. Most mail
programs (such as Eudora) let you specify both an SMTP server and a POP server. On
UNIX-based systems, send-mail is the most widely used SMTP server for email [2].

2.1.6.4 Routing Information Protocol (RIP)

The Routing Information Protocol (RIP) is a protocol used to propagate routing
information inside an autonomous system. Today, the Internet is so large that one
routing protocol cannot handle the task of updating the routing tables of all routers.

Therefore the Internet is divided into autonomous systems.

World Wide Web:

The World Wide Web Consortium (W3C) develops interoperable technologies
(specifications, guidelines, software, and tools) to lead the Web to its full potential. W3C
is a forum for information, commerce, communication, and collective understanding.

The World Wide Web (WWW) is a repository of information spread all over the world
and linked together. The WWW is a distributed client-server service, in which a client

using a browser can access a service using a server. The Web consists of Web pages that

are accessible over the Internet.
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The Web allows users to view documents that contain text and graphics. The Web grew
to be the largest source of Internet traffic since 1994 and continues to dominate, with a

much higher growth rate than the rest of the internet. By 1995, Web traffic overtook FTP
to become the leader.

2.1.6.5 TCP/IP protocol

Transmission Control Protocol/Internet Protocol (TCP/IP),is not simply one
protocol ,but rather a suite of specialized protocols including TCP, IP, UDP, ARP,and
many others called subprotocols, most network administrator refer to the entire group as
"TCP/IP", (the basic backbone of the Internet) .TCP guarantees delivery of data and
also guarantees that packets will be delivered in the same order in which they were sent.
IP takes care of addressing of packets. HTTP is a simple protocol that is based on a
TCP/IP protocol stack. HTTP is based on a simple client/server-concept. HTTP server
and client communicate via a TCP connection. The server waits for a request from a
client. This request normally refers to transmitting of specific HTML code. This HTML
code possibly has to be generated dynamically. As a result of the requests, the server

will answer with a response that usually contains the desired HTML code.

The ability to integrate and embed TCP/IP can open the door to a new class of

applications. Accordingly remote system control and management is becoming much

easier with such integrated systems.
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Micro Web Servers:

Micro web-servers are microcontroller systems with an integrated chip that
contains a processor and ports. It also contains the required TCP/IP protocol stack to

establish an Internet connection. Micro web-servers can be embedded in remote control

systems to network-enable remote applications.

Many web-server options are available to construct, achieve the connectivity and
controlling tasks, Micro web server applications now include remote monitoring,
industrial automation and process control, home automation, lighting control,

environmental monitoring, remote telemetry and test and lab equipment monitoring.

2.2 Wireless LAN Background

Wireless LAN protocol is based on the IEEE 802.11 standard. The standard
defines a medium access control (MAC) sub layer and three physical (PHY) layers. The
goal of the IEEE 802.11 protocol is to describe a wireless LAN that delivers services
commonly found in wired networks, e.g., throughput, reliable data delivery, and
continuous network connections, the architecture of the IEEE 802.11 WLAN is designed
to support a network where most decision making is distributed across the mobile

stations. Some of the components that are the basic building blocks of the 802.11 based

networks are described below:

1. Station: In IEEE 802.11 network a station is the component that connects to the
wireless medium. The station may be mobile, portable, or stationary, every station

supports all station services which include authentication, deauthentication, privacy, and

delivery of the data (MAC service data unit).
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2. Basic Service Set (BSS): The IEEE 802.11 WLAN architecture is built around a BSS.
A BSS is a set of stations that communicate with one another. When all the stations in
the BSS can communicate directly with each other and there is no connection to a wired
network, the BSS is called an independent BSS (IBSS). IBSS is also known as adhoc
network which is typically a short lived network with small number of stations in direct
communication range as shown in figure 2.8 . When a BSS includes an access point
(AP), the BSS is no longer independent and is called an infrastructure BSS or simply
BSS as shown in figure 2.9. In an infrastructure BSS, all mobile stations communicate
with the AP. The AP provides both the connection to the wired LAN, if any, and the
local relay function within the BSS.

This is an adhoc network of several stations. The workstations
can have a peer-to-peer connection with other stations in the
BSS Eut the communication will be limited to the 8SS

Figure 2.8: Independent BSS

VWorkstaions can communicate outs de of the BSS using
Access Point (AP) which s connected 1o the cisrbution
system A'so, this AP acts as 2 relay within 3 BSS.

Figure 2.9: Infrastructure BSS

21




3. Extended Service Set (ESS): ESS is a set of infrastructure BSSs, where the APs
communicate among themselves to forward traffic from one BSS to another. The APs

perform this communication via distribution system (DS). The DS is the backbone of the

WLAN and may be constructed of either wired or wireless networks.

2.2.1 IEEE 802.11 Standards

The aim of the IEEE 802.11 standard was to develop a medium access control
layer (MAC) and a physical layer (PHY) for wireless connectivity to fixed, portable and
moyving stations within a local area . The higher OSI layers in 802.11 are the same as in
any other 802 standards, which means that at this level there is no difference perceptible
between wired and wireless media. The 802.11 standard describes the functions and
services required by a compliant device to operate within ad hoc and infrastructure
networks as well as the aspects of station mobility. The standard defines the MAC
procedures to support the asynchronous MAC service data unit (MSDU) delivery
services, and several PHY signaling techniques and interface functions that are

controlled by the IEEE 802.11 MAC [4] .

The MAC and PHY characteristics for wireless local area networks (WLANs) are
specified in the 802.11 standards 802.11b, 802.11a, and 802.11g. The MAC layer in
these standards is designed to be able to support additional physical layer units as they
may be adopted, dependent on the availability of spectrum and new modulation
techniques. The logical link control (LLC) layer is the highest layer of the IEEE 802.11
Reference Model. The purpose of the LLC is to exchange data between end users across
a LAN that uses 802-based MAC protocols. The LLC provides identification of the

upper layer protocol (ULP), data-link control functions, and connection services. It is
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independent of the topology, transmission medium, and medium access control
techniques used at the MAC and PHY layers. Higher layers, such as the network layer,
pass user data down to the LLC, expecting error-free transmissions across the network.
Figure 2.10 shows the physical and data link layers, the physical layer has different
types of medium and spectrum, and data link layer is divided into two sub layers: the

medium access control (MAC) and the logical link control (LLC) sub-layers [3].

Logical Link Contsel (LLC}- 802,2

Data Link Layer
Media Access Contol {(MAC)

Physical Layer

Physical Layer |Frecuency Hopping Spread Spectrum (FHSS).
Direct Sequence Spread Speclrum,

Infra Red (IR)

Figure 2.10: 802.11 physical and data link layers

In 1997, the Institute of Electrical and Electronics Engineers (IEEE) created the first
WLAN standard. They called it 802.11 after the name of the group formed to oversee its
development. Unfortunately at the beginning 802.11 only supported a maximum

bandwidth of 2 Mbps which is too slow for most applications. Later newer standards

were introduced which support higher bandwidth services [4].
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802.11b

IEEE expanded on the original 802.11 standard in July 1999, creating the
802.11b specification, 802.11b supports bandwidth up to 11 Mbps. 802.11b uses the

same radio signaling frequency 2.4 GHz as the original 802.11 standard.

802.11a

When 802.11b was developed, IEEE created a second extension to the original
802.11 standard called 802.11a; 802.11a was created at the same time. Due to its higher
cost, 802.11a fits predominately in the business market, whereas 802.11b better serves
the home market and supports bandwidth up to 54 Mbps and signals in 5 GHz frequency
range. Compared to 802.11b, this higher frequency limits the range of 802.11a. The
higher frequency also means 802.11a signals have more difficulty penetrating walls and
other obstructions. Because 802.11a and 802.11b utilize different frequencies, the two

technologies are incompatible with each other [4].

802.11g

In 2002 and 2003, WLAN products supporting a new standard called 802.11g
began to appear on the scene. 802.11g attempts to combine the best of both 802.11a and
802.11b. 802.11g supports bandwidth up to 54 Mbps, and it uses the 2.4 GHz frequency
for greater range. 802.11g is backwards compatible with 802.11b, meaning that 802.11g

access points will work with 802.11b wireless network adapters and vice versa.
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802.11h

This standard is supplementary to the MAC layer to comply with European
regulations for SGHz WLANSs. European radio regulations for the SGHz band require
products to have transmission power control (TPC) and dynamic frequency selection
(DFS). TPC limits the transmitted power to the minimum needed to reach the furthest

user. DFS selects the radio channel at the access point to minimize interference with

other systems [4].

2.2.2 Challenges in Wireless Networks
There are some of challenges in wireless such as:

1. Standards: Major challenge is compliance with various existing standards and
interoperability among them. Presently, Various national and international frequency
regulations have to be considered in making wireless devices suitable for global

operation.
2. Bandwidth: Bandwidth is the one of the most scarce resource in wireless networks.

Even with emerging high speed WLAN technologies, the available bandwidth in

wireless networks is far less than the wired links.

3. Link Errors: Channel fading and interference cause link errors and these errors may

sometimes be very severe. More over the effect of these errors is often global, i.e. not

local to a single node, may effect the entire network.
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4. Mobility and Roaming: Existing applications should continue to run over WLANs

even while roaming the network. The fact that wireless access and mobility should be

hidden if not relevant.

S. Inter-operability with wired Networks: Already a lot of money has been invested
on WLANS implementations in wired LANs. Hence new WLAN mechanisms must

protect this investment by being inter-operable with the existing networks.

6. Power Constraints: Devices communicating via a WLAN are typically also wireless
devices running on battery power. Hence, WLAN must implement special power saving

modes and power management functions.

7. Safety and security: Another important concern is of safety and security. WLANs
should be safe to operate, especially regarding low radiation. Furthermore, no users
should be able to read personal data during transmission i.e., encryption mechanism

should be integrated. The network should also take into account user privacy.

2.2.3 Benefit of wireless LAN

e Provides real-time access to data, to simplify purchasing and distribution

planning.
o Saves customer service costs by eliminating bill estimates, automating
notifications.

o Allows for instant reprogramming, to alter the data collection process.

e Supports regular, increased and unscheduled readings for greater operations

efficiency.
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Always on communications for fast notifications of meter tampering.
Supports value added services to the network for residences, offices and

factories.

e Scalable networks allow for addition/subtraction of metering points.

2.3 xDSL Technology

xDSL Refers collectively to all types of digital subscriber lines, the two main
categories being ADSL and SDSL. Two other types of xDSL technologies are High-
data-rate DSL (HDSL) and Very high DSL (VDSL). DSL technologies use sophisticated
modulation schemes to pack data onto copper wires. They are sometimes referred to as
last mile technologies because they are used only for connections from a telephone

switching station to a home or office, not between switching stations.

xDSL is similar to ISDN in as much as both operate over existing copper telephone lines
(POTS) and both require the short runs to a central telephone office (usually less than
(20,000 feet). However, xDSL offers much higher speeds up to 32 Mbps for upstream
traffic, and from 32 Kbps to over 1 Mbps for downstream traffic.However, to make use
of DSL, it helps to understand the basis of the technology. DSL is a technology for
pushing a (relatively) large number of bits through wiring that is typical for "last mile"
telephone connections .There are a number of different protocols that fall under the

DSL: ADSL, RADSL, HDSL and even different sub variations.

xDSL is used to push high bit rates through copper wires that run from point A to point
B. For most people, point A will be their home and point B will be the other end of the

copper phone wire that is the substation of the local phone company.
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Standard telecom modems (e.g. 56k, 28.8k, etc) establish a data stream between two
arbitrary points using the entire telecom system that is, from the sender's local loop,
through the telephone switching system (mostly digital switches now) and then to the

2 !
receiver's local loop. Standard modem connections can span continents, with one end

being thousands of kilometers from the other end.

DSL modems, on the other hand, establish a connection from one end of a copper wire
to the other end of that copper wire; the signal does not pass into the telephone switching
system. Consequently, DSL modems are not limited to using only the voice frequencies

passed by the standard telephone system (typically 0-4kHz); DSL modems typically use
more than 100kHhz.

To reiterate, one end of the DSL link will be at the consumer site, the other end must be
at the other end of the copper cable usually this means your local telephone exchange.
At your local phone company the local loop first goes into a splitter that splits the data
frequencies from the voice frequencies as shown in figure 2.11 . The voice frequencies
are wired into a traditional POTS switch and enter the normal telephone switching
network. The data frequencies are wired into a corresponding DSL modem at the CO
end and the resulting high speed digital data stream coming from (or going to) the
consumer is then handled as normal data (not analog voice) and may be hooked into any

number of networking technologies for further connection to the data’s destination.
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Figure2.11: splitter.

Typically the data will be routed over a LAN/WAN connection (10Base-T Ethernet, T1,
T3, ATM, frame relay, whatever) to a business office. The business may be an ISP (the
ISP may or may not be the local phone company) which may then route the data onto the
Internet, thus providing you with Internet connectivity or the business may be the
company you work for and the connection provides high speed access from your home
direct to your company's network. Note that if the connection is made to an ISP, you are
not connecting to the ISP over its standard modem bank you are coming in over some
sort of LAN/WAN data connection that the ISP has arranged with your local phone
company. This is the only way an ISP can provide DSL-connected ISP service for
customers. Also note that DSL is always "on" the connection is always there, ready to

pass bits up and down the pipe there is no calling a remote number and waiting for

modems to train up. [5,6].
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2.4 Broadband over Power lines

The idea of using power lines for communications goes back to 1899, when the first
patent was issued. Although, only since the beginning of the nineties this option has
become relevant as an option for delivering two way data communication services at
speeds that could be defined as competitive with DSL and cable modem. Broadband
over power lines (BPL) architecture aims to take advantage of low cost last mile
technology with deployed in-house networking generated by the ubiquitous electrical
power network. Power cables were designed to transmit electricity at high voltages at
low frequencies of 50 or 60 Hz. These low frequencies did not impose significant
requirements for shielding the wires which means that they are not equipped to prevent
radiation of radio frequency energy. The central idea of BPL is to transfer data at very
high frequencies, ranging between 1 and 30 MHz, compared to earlier 9-525 kHz in old
low data rate PLC, which creates two problems of using power lines for transmitting
data. First, higher frequencies over unshielded cable generate significant interference.
Second, high frequencies mean the signals present higher attenuation along the cables,

which leads to shorter effective distances between repeaters.

There is “In-House” and “Last-Mile” BPL. In-House BPL refers to using the power
network of a building instead of deploying a new network, so devices can be used only
by plugging into the AC. There are four architectures presenting different degrees of
integration between fiber, power lines and wireless technologies. At one extreme, there
are Fiber-to-the-Premises (home or business). In this case, electric utilities that have
connected transformers and substations by fiber networks running internal services,
decide extend the reach of the fiber to the user’s premises. This would enable

connectivity at the highest bandwidth possible nowadays, but at a very high cost [11].
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A second option is Fiber and Low-Voltage (F-LV) architecture. This option presents a
less expensive solution. Here, power companies following idea behind HFC architecture
for cable modem and deploy fiber until an optical-electrical converter located before
each transformer and, from them on, use low-voltage power lines to reach customer
premises. F-LV is less expensive than FTTP in that it does not need to reach fiber to

each customer premises. Also, F-LV presents a maximum bandwidth of 3 Mbps, which

is low compared to cable modem and xDSL.

A third option is a combination of medium-and low-voltage power lines, in what could
be defined as a pure broadband over power lines. Analogous to the previous case, each
distributing substation provides power to various transformers, but now uses the
medium-voltage power line for sending data to a bypass transformer device, which is
connected to the customer premises by using low-voltage power line. This architecture,
however, produces high level of radio frequency interference from power lines, and
presents obstruction of signals between medium-and low-voltage lines at distribution
transformers (These transformers are designed for frequencies of 50 or 60 Hz, which

imposes constraints for frequencies in the (2-30 MHz).

A fourth architecture is hybrid between medium-voltage and wireless. Here the utility
transmit data all the way through medium-voltage power lines between the substation
and the pole closest to the customer premise. This allows for transmission of higher

quality than in low-voltage lines. This approach, however, presents two problems:

e The cost of antenna.
e Decreasing bandwidth per subscriber.
Each medium-voltage power line connects several low-voltage (LV) lines and, thus, all

broadband users in those LV lines would have to share bandwidth [11].
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2.4.1 Power Line Carrier Modem

The power line modem (PLC Modem) is a dedicated device for transferring data
over low voltage power line. Using the extensive power line cable network in a region
that is distributed by a single transformer, one can use a multiple PLC Modem to form a
data network among the various data terminals. Thus, a data communication network
infrastructure can be formed among all the data terminals. The unit can be used in
centralized electric meter reading, remote monitoring of electrical equipment, building
automation and security control, stage lighting and street lighting control applications,
information displays and it can also play a role in the final leg of Internet connection in

special circumstances.

The power line modem uses the power line cable as communication medium. It is
convenient as it eliminates the need to lay additional cables. The modem at the
transmission end modulates the signal from data terminal through RS-232 interface onto
the carrier signal in the power line. At the receiving end, the modem recovers the data
from the power line carrier signal by demodulation and sends the data to data terminals

through RS-232 interface.

PL.C Modem can be used for broadcasting in a one-to-many manner without the need to
worry about handshaking. PLC Modem can be either master or slave, depending on the
pin definition of RS-232. There is no prior classification of master-slave role for the

modem. A PLC Modem acting as master can be designed to work in a 3-phase manner.
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Figure 2.12 shows an example of using PLC modems in remote automatic meter reading
system. It illustrates the schematic diagram of the connection between power line
modem and the data terminals using power line cables.

Figure 2.13 shows a LAN network based on the PLC modems that are connected to each
network device, Such LAN can be utilized to connect different Micro web-based power

meter systems to communicate and send such meter reading to the central office facility.

BS-232 "1;“-,‘:“ 0 R
Computer = B
w
g N
PLC201 PLC201 PLC201
RS-232
Electric Electric Electric
Meter Meter Meter

Figure 2.12:PLC Modems In AMR Systems
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PLC Modem

Figure 2.13: PLC Based LAN

The advantages of using the PLC as the communication medium is readily apparent
since the power line network are the property of the utility company and its
infrastructure is already there. However, power lines are never meant for communication

and create much noise. Therefore, various modifications have to be made to make the

PLC suitable to be the AMR communication channel. [9].
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2.5 OPNET Simulator

OPNET is a computer software to simulate communication networks It is a
software package allowing you to test new network design, protocols...etc. without
actually having the real devices .Great flexibility is provided by OPNET to set up
parameters from the physical layer to application layer simulating complex real
scenarios It is one of the leading simulator used in industry OPNET provides graphical
editor to users to edit your own devices, configure your own networks, design your own

protocols, and define your own packet formats.

OPNET provides a comprehensive development environment supporting the modeling of
communication networks and distributed systems. Both behavior and performance of
modeled systems can be analyzed by performing discrete event simulations. The OPNET
environment incorporates tools for all phases of a study, including model design,
simulation, data collection, and data analysis. A brief enumeration of some of the most
important capabilities of OPNET [7]

e Object orientation.

o Specialized in communication networks and information systems.

e Hierarchical models.

o Graphical specification.

o Flexibility to develop detailed custom model

e Automatic generation of simulations.

o Application-specific statistics.

o Integrated post-simulation analysis tools.

e Interactive analysis.

e Animation.
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2.5.1 OPNET Network Model
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Figure 2.14: OPNET Model

2.5.2 OPNET architecture

OPNET provides a comprehensive development environment for modeling and
performance-evaluation of communication networks and distributed systems. The
package consists of a number of tools, each one focusing on particular aspects of the
modeling task. These tools fall into three major categories that correspond to the three
phases of modeling and simulation projects: Specification, Data Collection and
Simulation, and Analysis. These phases are necessarily performed in sequence. They
generally form a cycle, with a return to Specification following Analysis. Specification is

actually divided into two parts: initial specification and re-specification, with only the

latter belonging to the cycle, as figure 2057
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Figure 2.15:Simulation Project Cycle in OPNET

2.5.3 Model Specification

Model specification is the task of developing a representation of the system that is
to be studied. OPNET supports the concept of model reuse so that most models are
based on lower level models developed beforehand and stored in model libraries.
Ultimately, however all models are based on the basic concepts and primitive building

blocks supplied by the OPNET environment.

OPNET Models are structured hierarchically, in a manner that parallels real network
systems. Specialized editors address issues at different levels of the hierarchy. This

provides an intuitive modeling environment and also permits reuse of lower level

models.

The Network, Node, and Process modeling environments are sometimes referred to as
2 b

the modeling domains of OPNET, since they essentially span all the hierarchical levels
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of a model. The remaining specification editors correspond to no particular modeling

domain since they mainly support the three principal editors. As mentioned earlier, the

capabilities offered by the three modeling domains mitror the types of structures found

in an actual network system; the issues addressed by each domain are summarized in the

following table.

A network model may contain any number of communicating entities called nodes.

Nodes are instances of node models, developed using the Node Editor. Modelers can

develop their own library of customized node models, implementing any functionality

they require. Network models consist of nodes and links which can be deployed within a

geographical context. OPNET provides fixed nodes and point-to-point and bus links[7].

Table 2.1: OPNET modeling domains.

OPNET Modeling Domains

Domain | Editor | Modeling Focus

Network | Project | Network topology described in terms of subnetworks,
nodes, links, and geographical context.

Node Node Node internal architecture described in terms of
functional elements and data flow between them.

Process | Process | Behavior of processes (protocols, algorithms,

applications), specified using finite state machines and
extended high-level language.
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Node models consist of modules and connections. Modules are information sources,
sinks, and processors. Some modules have predefined behavior; processor and queue

modules are programmable via their “process model”. Connections (packet streams and

statistic wires) allow information to flow between modules.

Process models define behavior for programmable modules. A process is an instance of
a process model and operates within one module. Initially, each programmable module
contains only one process; however, processes can create additional child processes
dynamically.These can in turn create additional processes themselves. This paradigm is

well-suited to modeling systems with dynamically instantiated contexts, like certain

protocols, or multi-tasking operating systems.

Processes respond to interrupts, which indicate that events of interest have occurred such
as the arrival of a message or the expiration of a timer. When a process is interrupted, it
takes actions in response and then blocks, awaiting a new interrupt. It may also invoke
another process; its execution is suspended until the invoked process blocks. Process
models are expressed in Proto-C, a language combining graphical state-transition-
diagrams, embedded C/C++ language data items and statements, and a library of Kernel
Procedures that provide commonly needed functionality for modeling communications
and information processing systems. Objects are the building blocks of OPNET models
and appear in each of the modeling domains. Some objects are created explicitly by the
user; others are implicitly created by OPNET. During a simulation, certain types of

objects can be created dynamically. OPNET objects have behavior and structure that is

specified by a model.

Models also specify part or all of an object’s interfaces. Some objects have implicit

models that cannot be changed; others can be as
extensive customization. Models can be parameterized using model

signed models via their “model”

attribute, allowing
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attributes. This mechanism provides users of the model with a means of control over
some aspect of model behavior without requiring changes to the model internals. Model

attributes generalize a model, making it more reusable for diverse applications[7].

2.6 Automatic Meter Reading

2.6.1 Kilowatt-hour meters

Kilowatt-hour meter is a device that used to measure the number of kilowatt power
used by load in a unit of time ,kilowatt hour meter may be used for three phase or single

phase reading. There are two types of kilowatt-hour meter using for measuring power:

e Analog Kilowatt Hour Meter.

e Electronic Digital Kilowatt Hour Meter.

2.6.1.1 Analog kilowatt Hour Meter

This kind of kilowatt hour meter has a mechanical counting system that counts
the revolutions of an aluminum disk and in turn, displays the kilowatts of energy used,
Figure 2.16 [10] .The ratio of kilowatts displayed to the turns of the disk is called the

disk constant, and this constant is different from one meter to other depending on the

rotating disk.
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Figure 2.16: Analog Kilowatt Meter

2.6.1.2 Electronic Digital kilowatt Hour Meter

The digital meters determine power by directly multiplying the current by the
potential difference and record this result over time to obtain a value for energy used.
There are a few advantages of using a digital meter over an analog meter. The primary
reason is the fact that digital meters do not have moving parts. This reduces the error due
to mechanical parts wearing out after time. Also a digital meter is more accurate; most
digital meters have an error of 0.8%. While the error of a standard, analog meter is about
2%. Some digital meters are designed using large scale integration circuits (LSI). An
LSI uses a digital voltmeter and an ammeter to measure the instantaneous potential
difference and current. Then it is capable of converting the values into digital code.

After that, it performs the necessary multiplication to obtain the wattage used and

records the amount in a memory.
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Another advantage in the digital kilowatt-hour meter is the ability to transmit the current

readings to a remote observer. With this capability, the power company can effectively

monitor all the meters from a central location instead of physically looking at each meter

individually. Even though the newer, digital meters are more reliable they are still not

widely used.

2.6.2 Traditional Meter Reading Methods

Meter Reading and Billing are among the most time consuming functions performed
in utilities. These functions have a major influence on the utilities cost, efficiency,
productivity, structure and cash flow as well. Solutions based on recording readings
manually, then entering it into a central billing system are time consuming, prone to
errors and delays in delivering bills to customers with negative effect on cash flow.
There are many methods involved in the meter reading process; this includes traditional

manual methods up to fully automatic meter reading systems:

e Traditional Systems
o Read by walk: Once by 2 months or by one year. Where a group of
persons collect the meter reading by traveling from one customer location

to another.
o Read by customer: where customers will be responsible for reading the

meter readings and submitting it to the company phone or when they pay

the previous bills.
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It should be clear that such methods are very time consuming and does not satisfy the

business requirements for the power company
2

in addition to the large number of errors

incorporated in the reading process.

Hand-Held units for meter reading and billing system: speed, accuracy, and cost
effectiveness are the strongest features in this System. In addition of
providing a solution that is able to deal with a current billing system which
exists or to be integrated with the lunched system; therefore the presented
solution is able to provide a middle-tier program that works as translator
between any billing system and the HHU. The delay between reading the

meter and delivering the bill to customers is reduced to zero.

Prepaid AMR: Where each meter has a smart card reader and the meter will be
on as long as the smart card has credit. Customers can take the card when
they leave their houses. They can also buy new cards when they consume
the credit of the card, hence the idea of pay as you use is applied. This is

very similar to prepaid telephone systems.

The following may summarize the most features in such technology:

©)

O

(0]

Ability to work offline when there is limited service.

Save time both while performing meter reading and data entry.
Ability to handle complex and high number of readings.

Fast retrieve of the customer information.

On line calculation and printing of bills, receive payments and printing payment
vouchers.

still needs traveling man reader.
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2.6.3 AMR Systems components

In general, AMR systems have three major components:

1. The meter interface unit (MIU).
2. Communication system.

3. Central office system.

The meter interface unit (MIU) collects data from the meter, controls electronics and
manages communications. The communication interface allows two-way data transfer. If
needed, the MIU might share capacity among different types of demand reading
(electricity, gas, or water). The MIU takes the readings from meter dials and transform
them into digital format. The communication system is responsible for data transmission
between central office and MIU. The options for data transmission are telephone
networks, fiber, wireless and power line. Unfortunately, there is no best option for

setting up the communication system.

The third component is the equipment required for the central office systems which
requires modems, receivers and data concentrators, controllers, host upload links, and
hosts (servers, routers and personal computers). Their function is to assist the central

billing computer and other data or clients in providing the data they need from the

installed user base. [8]
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2.6.4 Communication Technology In AMR Network

There are many different forms of network communication technologies that can
be utilized as the communication medium in an AMR (automatic meter reading)

accordingly, these technologies can be incorporated in AMR systems in both LAN and
WAN scales.

For the AMR LANS, it is necessary to connect power or energy meters inside each

building or neighbor buildings together so as they can communicate to each other or to

the central facility through the incorporated WAN technologies.

For the WAN part, the most common technology options for providing broadband
services for AMR networking includes: xDSL, Cable Modem, Fiber-to-the-Home, Free

Wireless, Satellite, and broadband over power lines (PL).

In this project will model and simulate different technologies, this includes local
area network technologies, wireless,. And show the result and observed the suggestions
of how to use these technologies in the power metering systems modeling with better

performance.
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CHAPTER THREE: SIMULATION DESIGN

3.1 Introduction

This project is divided into two parts:

First is to simulate part of the PPU network using OPNET simulator. The second part is |

to design and simulate different scenario for automatic power meter system to see more

information about what we did in the first see appendix [1].

3.2 Objectives

The first semester:

I
2.

Study the features of networking and the environment of OPNET simulation
Modeling the Palestine polytechnic university(PPU, Wadi Al-Hareih) netwok
using the OPNET modeling tools and simulation .

Study the performance ,bandwidth, efficiency parameter of PPU network

The second semester:

study the Power meter systems

Studying the idea of power meter networks using different technologies and the

suggestions of how to use these technologies in the power metering systems.

Modeling of the Power meter system using the OPNET modeling tools and

simulation. and study of the bandwidth (utilization), throughput and delay

parameters of the Power metering networks.
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3.3 General Processes Of Project

o process for steps of simulation any network:

First we create a network model, choose statistics to collect from each network object or

from the whole network, execute a simulation, and view results

Create
network
model

v

Choose
statistics

\ 4

Run
simulation

View
simulation
result

Figure 3.1: Processes For Steps Of Simulation.
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e Process for Automatic Meter Reading

Collect information
municipality of Hebron.

Model automatic power
meter system scenarios

No

Simulate Hebron
network

If the scenario
satisfy ?

Take the results

Show the result

/

Maybe Apply the project in real life

i tion
Figure3.2: Process For Power Meter Reader Simulati
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W
Power Micro-Web
Meter Server |

Figure 3.3: Remote Power Meter Access through Internet

3.4 How System Work

We model several scenarios using OPNET simulator to choose the best way for

build the network of power meter in the real life.

AMR are used for many purposes, including theft detection, outage management,

customer energy management, load management, on/off services, and distributed

automation.

This method will be implement on apart of Hebron city, for that we suppose each AMR

send reading to the server in electrical company that calculate the bill and resend it to

customer

Two main component in each several scenario which define as part of Hebron and

Hebron electric company that communicate with each other through the internet as

shown in the figure 3.4 , inside part of Hebron there are many region that contain

number of power meter, all power meters send reading using FTP or email to the server

49

(PP, e isisy tacke )
* E palestine Polytecanic University
% k3 {PPU}

T The Library  aeiSSt —

IACC - eesnosses 2.53‘73 ....... Sl @

Leuoss, ...................................... | s..ily




reside in Hebron electrical company by using xDSL link that connect via DSLAM

through access router to the internet , on the other hand the electrical company contain
LAN with 10 workstation.

Figure 3.4:Modeling Part Of Hebron And Hebron Company Via Internet .

y
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CHAPTER FOUR: DETAILED SYSTEM DESIGN

4.1 Modeling of Automatic Power Meter Reading

There are many data units and flows in power meter embedded systems and its
controlled objects. The power meter data and status dynamically change in time. A set of
monitored data must be derived, processed and represented to operators and or clients.
Processes that perform data aggregation and bill preprocessing constitute an essential
part of the power meter embedded system software. The Web technology offers unified
mechanisms not only for the measured value representation, but for the control of data
capturing processes too. A set of monitored data is the main source for embedded Web

Server.

Accordingly and as far as we are concerned in power meter with embedded controller
modeling, and since the OPNET does not have a special model for this component a new
model should be built to model the processes incorporated in this components. However
and since the Micro web-server can be modeled as a normal web server with limited
functionality we have used a modified version of the normal server model. in this model

we use a Micro web-server in designing a power meter reader to facilitate the Automatic

Meter reading process as shown in figure 4.1.

Sil




U

Figure 4.1: Modeling the Power Meter

In the previous figure, the right part models the components of a traditional
microcontroller with interface to the power meter ports that are dealing with the real
electric power measurements, the left part represents the networking part of the model
which represents the TCP/IP connectivity and activity that are inherited in each process
node. Hence the model can behave as a Web, Mail, or FTP server that are capable to
serve requests from other clients. This makes it easy to let each power meter

communicate with the central facility and or other meters on the same building.

4.2 Network Of Power Metering Systems

echnologies for information
Wide Web technology
k Internet. The

Nowadays one of the most popular and general t
resources access and information representation is the World

(Web technology) which is widespread in the global computer networ

main characteristics of the Web technology are: client stations platform independence,

using HTTP and HTML or JAVA and ASP [1,2], server part low expenses on data

granting, The Web-technology allows not only to represent information, but to carry out
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interaction with the client by using dynamic web Pages. The standard methods of Web
navigation can be used for the control and monitoring of embedded power meter systems

and its controlled entities. Other communication protocols such as FTP and E-Mail can
also be used as well.

4.2.1 Modeling the WAN of Power Meter LANs Sites (“part of Hebron, region”)

The networking and communication system is responsible for data access between
different MIU’s with the Hebron electrical company. Different networking methods for
data transmission are used; this includes telephone lines, LANS, fiber, wireless and
power line. And we use in our project to connect region with each other to electrical

company by using WAN and wireless technology .

In our project we use the xDSL model to route and connect the IP packets from each
“hara” to DSLAM that is connected to an access router, The access router is connected
to and internet that is a medium of communication with Hebron electrical company to
allow the power meter send readings they are collect, It should be noted that the
communication between the xDSL and the DSLAM are handled using a down-stream
and up-stream channels with different bandwidths. The used up and down stream
bandwidths for this example is adjusted to 64 kbps. Also each DSLAM can connect up

to 32 or 64 xDSL modems. Figure 4.2 shows the network for 20 “regions” connected to
a single DSLAM modem. Only 2 of them are utilized in the simulation because of RAM

limitations.
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Figure 4.2: Modeling the 20 region connecting to DSLAM

The bandwidth of the access line used to connect the DSLAM and the access router is
used as a leased line with DSO bandwidth (64 kbps). The access Router has up to 16
ports and can connect up to 16 DSLAMs. Figure 4.3 shows the first level of the whole
network which connects the facilities in each part of Hebron (20 part), However and
because of the large network and huge memory requirements only one part of the
network is really considered in the simulation process. The other part of the network is
modeled to be the Hebron electric company which has all the IT facilities to collect,
process, and manage all the meters in the grid. Assumingly each meter is polled to send

its data to the electric company. FTP and E-mail protocols can be used to send this data.
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Figure 4.3: Modeling all part of Hebron connecting to the internet

4.2.2 Model Component

4.2.2.1 Main Component

In this project we have used different main components which illustrate below:

e
applicationconfig

1. Application Configuration :

Sl Hons: lication
A profile is constructed using different application definitions; for each app

i m such a
definition, you can specify usage parameters |
ical applications with different usage parameters

s start time, duration and

repeatability. You may have two ident
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you can use different names to identify these as two distinct application definitions
You can also create application definitions based on different workgroups. The
2 re are

2. Profile Configuration

- prafileconfig |

Profiles describe the activity patterns of a user or group of users in terms of the
applications used over a period of time. You can have several different profiles running
on a given LAN or workstation. These profiles can represent different user groups ,for
example, you can have an Engineering profile, a Sales profile and an Administration

profile to depict typical applications used for each employee group.

3. 10BaseT LAN: use 10BaseT_LAN object to represent an Ethernet LAN in a switched
topology. The object contains any number of clients as well as one server. Client traffic
can be directed to the internal server as well's external servers.Supported applications

include: FTP ,Email, Database, HTTP etc.

4. DSLAM : the DSLAM frl_ip32 model represents a DSLAM with 32 DSL or IP

over DSL port sand a single frame relay uplink port.




w“‘

. xDSL Modem: thi i 2
s itievice represents a typical client-side network termination
device. It also represents IP over DSJ..

3

#DSL._modem

6. Hebrn_electric_router : use the CS_1601 el _s2 model represents Cisco's solution for
small-office and home-office data access. It houses one 10BaseT Ethernet port, one

serial port, and room for one WAN interface card used one port in Ethernet technology

ey

==

Hebron_electric_router

7. Acsses router: a typical use of this device is to route data between two ethernet LAN

segments connection via an IP network.

Acsses router

8. Switch: Switches communicate with each other by sending Bridge Protocol Data

Units (BPDU's). Packets are received and processed by the switch based on the current

configuration of the spanning tree. The switch can only connect LAN's of the same type

(Ethernet to Ethernet, FDDI to FDDI, or Token Ring to Token Ring).

switch
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9. Acess point: acting as a portal to wire [ine network

Access Paintt

10. Wlan_wkstn: the wlan_wkstn node model represents a workstation with client-server
applications running over TCP/IP and UDP/IP. The workstation supports one underlying
WLAN connection at 1 Mbps, 2 Mbps, 5.5 Mbps, and 11 Mbps.

wlan_wkstn

4.2.2.2 Application Description

The following applications are described: FTP, and E-mail.

o FTP: An FTP application allows file transfers between a client and a

server. For connection-oriented transport protocols, (e.g. TCP), Some of

the important FTP attributes are described in the table below:
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Table 4.1: important FTP attributes

Command Mix (get/total)

Attribute

Description

Ratio of “get” (download) to the total number of

Inter-Request Time (seconds)
File Size (bytes)
Symbolic Server Name

commands (sum of “gets” and “puts”).

Time between subsequent file requests.

Average size of a file being transferred.

S)./mbolic name of the file server to which the
client connects

Type of Service Quality-of-service parameter for assigning priority
to this application’s traffic.
RSVP Parameters

RSVP parameters for making bandwidth
reservations.

In our project we have used these FTP parameters

Table 4.2: FTP parameter

. ——
Attribute Value _J |
Command Mix (Get/T otal) 50% s |
Inter-Request Time (seconds) exponential (360) |
File Size [bytes) constant (50000) :
Symbolic Server Name ETPt ‘.;;r:rttar[o]

Type of Service NT;’; - |
RSVP P eters T
aram s

1 S e |

E-mail: The default transport

provided with the software is TCP, ie.,

TCP. Modern e-mail packages use 2 combin

protocol used in the e-mail application

messages are sent and received using

ation of SMTP (Simple Mail
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Transfer Protocol) and POP (Post Office Protocol). Some of the important -
mail attributes are described in the table beloy

Table 4.3: important e-mail attributes

Attribute o
Send Interarrival Time (second ; Destriptiol
en S) Time between emails sent from the client to the
: server.
Send Group Size Number of email messages grouped before
transmission.
Receive Interarrival Time (seconds) Time between emails received from the server at
the client.
Receive Group Size Number of email messages grouped before
reception.
Symbolic Server Name Symbolic name of the server to which the client
connects.
E-mail Size (bytes) Average size of an e-mail message.
In our project we use these email parameter:
Table 4.4: email parameter
- st S - T= 1]
Attribute Mo ‘:—I
Send Interarrival Time (seconds) None
- constant (3]
Send Group Size e
Receive Interamival Time [seconds) s
Rece.ive. Group Size S oanantial (1024)
E-Mail Size (bytes) Email Server e
Symbolic Server Name Best Effort (0) _,J
Type of Service
¥ b S .
/’—_— —a
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4.2.2.3 WLAN Parameters

Tl?e WLAN related configurable parameters available as part of the simulation
model suite. Note that there are two types of atiributes: model attributes, which have
local significance on nodes, and simulation attributes, which are applical,)le across all
nodes in the network. Each wireless node has the same set of wireless LAN attributes.
These attributes are grouped under Wireless LAN Parameters. There is also a Wireless
LAN MAC Address parameter which is an internal station address and is usually set as
auto assigned unless specific configuration is required. Figure 4.5 show the global

parameters for the MAC layer in the stations.

Table 4.5: wireless LAN parameter

Attribute Value
Data Rates 1 Mbps
buffer size 256000 bits
RTS threshold(bytes) None
Fragmentation None
threshold
The various WLAN attributes and their effect on the WLAN MAC are explained

as following :

sfer at 1 Mbps, 2 Mbps, 5.5 Mbps,

eed of the transmitter and receiver

1. Data Rate: The WLAN model supports data tran
and 11 Mbps. These data rates are modeled as the sp
connected to the WLAN MAC process. Each data 1
channel stream, from the MAC process to the transm

MAC process. A station can only transmit data packet

ate is associated with a separate
itter and from the receiver to the

s at the data rate specified by the
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attribute. However, it can receive data at any data rate. Finall
. Y

all control packets are

transmitted at a data rate of 1 Mbps as specified by the standard

2. Buffer size: specifies the maximum size of the higer layer data buffer in bits

Once the buffer limit is reached ,the data packet arrived from higer layer will be discard

until some packets are removed from the buffer so that the buffer has some free space to

store these new packets.

3. Rts Threshold: Specifies a threshold to determine whether or not Rts/Cts frame
exchange is required for a particular data frame. If the MAC service data unit (MSDU),
Received from higher layers in the protocol stack, has a size greater than the Rts
threshold then Rts/Cts exchange is needed for media reservation. The default Wireless
LAN Model value for this attribute is NONE which means that no Rts/Cts exchange will
take place regardless of the MSDU size.

4. Fragmentation Threshold: Specifies a threshold to decide if a MSDU received from
the higher layer needs fragmentation before transmission. The number of fragments to
be transmitted is calculated based on the MSDU size and the fragmentation threshold.

The default value for this attribute is NONE which means that fragmentation will not

take place regardless of the MSDU size.
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CHAPTER FIVE: SIMULATION AND TESTING

5.1 Introduction

In this project we have simulated The KWHR meters for parts of Hebron city by
using OPNET simulator and we have done different scenarios to examine performance,
bandwidth, utilization, queuing delay and throughput for these scenarios During

simulation we are interested in measuring the following parameters :

o Utilization (%): represents the percentage of the consumption to date of an

available channel bandwidth, where a value of 100.0 would indicate full usage.

o Throughput (packet/sec): represents the average number of packets successful

received or transmitted by the receiver or transmitter channel per second.

o Queuing delay (sec): represents instantaneous measurements of packet waiting
times in the transmitter channel's queue. Measurements are taken from the time a

packet enters the transmitter channel queue to the time the Last bit of the packet

is transmitted.

Here we describe some types of links used in our scenarios

1. xDSL link

The xDSL ADV is the base link model for all xDSL links. It supports all packet

formats and will post a warning to the Simulation Log if the length of the link is over
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3000 meters, and the maximum data rate ;
€ 1s 7Mbps but we choose Mbos i
scenarios. ps in all these

2. PPP_DS0

Connects two nodes running IP with data rate 64 k bps

3. PPP _adv

The PPP_adv point-to-point link connects two nodes with serial interfaces (ex..
routers with PPP ports) at a selectable data rate (e.g., DS0, DS1, DS3, T1, T3, OC3,
0C12, OC36, OC48), and the default data rate is 64 Kbps.

4. PPP_DS1
Connects two nodes running IP with data rate 1.544Mbps

5.1.1 The following figures show the different parts of our system

Figure 5.1 show the model for part of Hebron of one region and how to connect

part of Hebron through internet with PPP_ DSO cable to Hebron electric company

through PPPDS1, with profile and application configuration. The supported profiles

. : ) ¢ e ication configuration
for this model are “send reading pro.” and ‘send by email” and applica g

supported “sending reading app.” and «sending email” respectively.
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Figure 5.1: modeling one region

Figure 5.2 show what is inside Hebron electric company and how to connect LAN that

contain 10 workstations inside it through router.

= e v
LAN-ELECTRICCOMPANY

|_ELECTRICCOMPANY

...... E-::; el deseg ks o A IR

" hebron-electic _router

Figure 5.2: modeling the electrical company-:
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Figure 5.3 show what is inside part of Hebron that contain one region with 23 powe
. : wer
meter connected via XDSL link( 16 Kbps )data rate to DSLAM ;

~ accessfouter

Figure 5.3: connecting the region with DSLAM

5.2 Modeling scenarios

In this section we will considered the following scenarios
1. Wired network scenarios

° Wired network with one region.

o  Wired network with two regions.
2. Wireless network scenarios

o Wireless network with one region.

o Wireless network with two regions.
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5.2.1 Wired network with one region

At this scenario we've conn . g
ected only one region using wire connection through

xDSL link (16 Kbps) upstream downstream which is connected with The Hebron

electrical company,

supported profiles “sending reading pro.” (Bills) through internet.

that contains ten computers connected through LAN and they

- Connecting 23 Ethernet work stations with two switches and connect them to DSLAM.

- We have supposed that each of power meters is considered as a workstation.

- The application for the Scenario is “send reading app.” by using FTP (high load) and

the profile is called “Send reading pro.” figure for this scenario is shown below.

ho A home3 qme hmé o .. ome7 omeB home3

il | a1
; home13  homeld

{ homel |

jhnmaIS homeld - homell i —— home12
; : ; [

Figure 5.4: modeling 23 power meters inside region ©).
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Simulation results for this scenario are:

R 55 5.6 alld 5 / ShOWS the results of h
In flUUleS N . | XDSL lll’lk with data (16Kb )
pS that

connect the region in each part of Hebron vi
on via DSLAM with th
€ access router.

| ltegine B B AL T e T

time_averaga of puin@vnfrd.uﬂizaﬁon

Figure 5.5: xDSL utilization = for one region

h > DSLAM [0 YOIk, pe *@fﬁ.

time_average of point-ta-point.throughput (packets/sec)

Figure 5.6: xDSL throughput > for one region.
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Figure 5.7:xDSL queuing delay = for one region.

In figure 5.8,5.9 and 5.10 show the results taking on PPP_DS1 with data rate (1.544

Mbps) which connect “Internet” with the “Hebron electrical company”.

Objact: network ¢-> Pnbtnnelechicwrmany[ﬂ]nltqwu:Neﬁwmk(—
lime_average of point-to-point utiization
20

15 et |
g

0 ; Campus Network ->
iect: network ¢-> hebron electic cmpw'[ul of Can
Oy time_average of point-to-point.utiization

30

Figure 5.8: PPP_DS1 utilization > &€ for one region.
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Figure 5.9: PPP_DSI1 throughput (packet/sec)=> &< for one region

Figure 5.10: PPP_DS1 queuing dela

(e‘;.,,.T TS PR [ naint-to-point queuing delay i@‘u}g}

Object: network <-> hebron electic compaﬁy [0] of Campus Network <--
i time_average of point-to-point.queving delay
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0.00 | | ' : 60m

ulm 1(IJm 20m <L o

y-> &€ for one region.
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5.2.2 Wired network with two region

In this scenarlo we have use the same application and profile as the previous

Saaios in. "partioniehion 0" with adding another region called "region N " and this

region contain 43 power meters and we have connect them as in figure 5.10 that show
modeling the two region with the same DSLAM via xDSL (16 Kbps) link, figure 5.11

show inside the region (n) that contain 43 power meters while region (O) contain 23

power meter as describe before.

| _‘;:lif'il |

e i g
Q Q Q, Q,__,_ \Q-Q,‘Q Q

Figure 5.12: modeling 43 power meters in region (n)-
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gimulation results for PPP_DS1link that join sites («
with data rate (1.544 Mbps) that connect

‘internet” with

part of Hebron with two regions”)

13 L4
Hebron electrical company”

shown in figures 5.12,5.13 and 5.14 respectively.

h ime_a; .1.,, Ry e
BN HeRaitailzabon .. (C{x]
Object: network <-> hebron electic emmw[ﬂ]ol(hmusﬂ Natwork(- g
i time_average of point-to-point utiization

Object: netwark. <-> hebron eleclric company [0] of Campus Network -
o time_average of point-to-point utiization

Figure 5.13: PPP_DS1 utilization - &< for two regions

Figure 5.14: PPP_DSI1 throughput>&

“m::‘ verage of point:to-pointthroughput (pa ‘E]gg
. . Wuk -)hoﬁmahckicennpany{ﬂldtawNMk(—
e &m_a:aagadpmmnthwglud[packaldm]
8
s_/h\;\_/-"—"_
4
2
o_l i Network ~>
ot network <-> hebron electic company [0] of Campus

e &m_::;amdpoﬂ-knml' W[pwkeldnc]
B PR
6
4

\

|
nJ | ! : 60m

& for two regions.
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0.000
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Object: netwn(k. <> hebron ele
0.005 time_average of

Object: nalwuk’ <> hebron electiic
0003 time_average of
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clic company 0] of Cam
Point-to-point, queuing d;:; Netwok ¢

company [0] of Campus Network ~»

pointta-point.queving delay

Figure 5.15: PPP_DSI1 queuing delay = &< for two regions.

Figure 5.16 show the comparison on

PPP_DSI1 utilization that connect between

“internet” and “Hebron electrical company” between one region and two region wired

network and we observed that utilization is higher in two region than one region .

B

200

@ scenatio2](one region) 3
scenaria22sahtworegion{tp X
a2 time_average of pointto-point utization

CIolx]

17.5

15.0

125 \‘

10.0

7.5

Figure 5.16:PPP DS utilization > between ©

ne and two region wired.
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5.2.3 Wireless network with one region

il S.Cen.a Rl Shanee the application, set it to default which mean
support all applications such as ( database, FTP , HTTP, web browsing and Email) and
we determine file transfer(light) the two services that we have deal with, which are
specified in the profile configuration, we connected only one region by connecting the
power meter using wireless technology to notice the difference with wired power meters
the wireless power meter connected through access point (which act as a relay and
connect wireless LAN with wired LAN) with wired LAN by using XxDSL upstream and
downstream connected with Hebron electrical company through internet that support
email and file transfer profile. After statistics collected on PPP_ DSO that connect
between part of Hebron and internet, PPP DS1 that connect between internet and
Hebron electric company and xDSL that connect region with DSLAM , after run the
simulation we have obtained the results that will shown below, also in this scenario we
have connected 23 wireless workstation with access point connect them to DSLAM we

suppose here each power meter is workstation as shown below .

23 wireless power meter

g3 5 'Q‘Q'é‘

PM7 PM3

=8 =B

wireless for one region.

FigureS.17: Modeling 23 power meters
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gimulation results for this scenarig (wireless with one regions) as shown below:

In figure 5.16, 5.17 and 5.18 show the results of parameters (utilization, throughput and

queuing delay) on XDSL link with data rate (16 Kbps) which connect between

via DSLAM to the “internet”.

“region”

';:'u;? n O -> DSLAM [0 \ 'v-,<.|}= r\ . 71@33]
time_average of point-to-paint. utlization
15.0
125
10.0

A

o A

A RS

Figure 5.18: xDSL (16Kbps) link utilization = for one wireless region

e,
-+ lrenio 7 L/A

1.75

time_average of pointio-painttoughput (7

ket/sec)~> for one wireless region

FigUre 5.19: xDSL (16Kbps) throughput (pac
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Figure 5.20: xDSL (16Kbps) =>queuing delay for one wireless region.

Here we show the simulation results for parameters (utilization (%), throughput
(packet/sec) and queuing delay(sec)) respectively on PPP_DSI link with data rate

(1.544Mbps) which connect “internet” with “Hebron electrical company”.

e e T mix)

e e s Z- e - A s - 1

Object: network <-> hebron electric uompany_[ﬂ] of Cay\pu: Network ¢
time_average of point{o-paint utiization

015
0.10 ‘k
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\_\¥
0.00 ¥

- Netwark =>
QObject: nelwark ¢-> hebron electic company (0] of Campus
ime_average of pointto-point utiizeton
015

010 4

005

0.00 ¥

Figure 5.21: PPP DS utilization> & € for one wireless region.

76




of point-t i
¢ ! BN ughput (pe =4«
Object: m:l!woxk <> hebron elactric company (0] of ‘ S E] ?B]
ime_average of p°i"“°'P0inl.lhmugh Campus Network <.

o Put (packets/sec)

1.0

N

V

0.0

Ub]ecL network <-> hebron el o] f mpus Network ~;
ectri Company [U] of Cay
& v 5 >
time. average of pulnt-l&pumuhmughput [packat:/sec)

15

10
0'5 \\
00 ™

Ol | | | | | |
m 10m 20m 30m 40m 50m 60m

Figure 5.22: PPP_DS1 throughput (packet/sec)—> &< for one wireless region.
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Figure 5.23; PPP_DS1 queuing delay > & € .
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5.2.4 Wireless network with two regi
gion

We have model thi
is scenario li
e . nario like the previous scenario"
(n) connect with the same D 0" part of hebron_1" by
e DSLAM as reoi o
egion (O) and this

. .

and profile configurations a
s shown in fi
gure 5.24.

Figure 5.24: Modeling 43 power meters.

Simulati i
ion results for links that connect two wireless regions:

umm«u?mmmlmdc-wum«
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Figu :
Ie'5.25: PPP DS utilization>& € for two wi
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Figure 5.26: PPP_DSI throughput - &< for two wireless region.

Figure 5.27: PPP_DS1 queuing del

DObject: network

¢-> hebron electric company [0] of Campus Network ¢~
time_average of point-to-point queing delay

0.003

0.002 P i

0.001

s i [0] of Campus Network >
j etwork <-> hebron electiic company {1 &
i time_average of point-to-point.queuing delay

0.0015
,-f
0.0010 L//__,
0.0005
|
0.0000 ‘ | | | e

ay 2 &< for two wireless region

79




Figure 5.28 show the comparison on PPP_DS1 utilization that connect between
wipternet” and “Hebron electrical company”  between one region and two region

wireless network and we observed that utilization is higher in two region than one region

Jofx
@ wirelesssend(one region)
| wirelesssend]
e time_average of point-to-point. utilization
0.4
0.3
0.2 \
0.1 \\
0.0 r | | | | | |
Om 10m LU TS D U]

Figure 5.28: PPP_DS1 utilization > between one and two region wireless.

5.3 Model Scenario Using Typical xDSL (64 Kbps)

hosen in the fOllOWil’lg scenarios the t plcal data rate 10
We have ¢

Q 2 (4 ) Via DSLAM and
en “region” and “internet

(%) throughput(packet/sec) ,queuing

power meters for example the delay,

that equal (64 kbps) that connect betwe
Compared how the parameters (utilization

: ber of
delaY(SeC)) various when increase the num

utilization and throughput are in
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we must increase I
meters SO the XxDSL data rate when number of
OI power meter in
crease

largely and this scenario was applied on wired and wireless network.
etwor

53.1 For wired network

In this scenario we want to see how i
- i these parameters (utilization, throughput ,
queuing delay ) upload and down load they differed when we take the results on the
same xDSL link when we change the number of power meter from one to hundred
power meters in one region ,we suppose in this scenario FTP profile configuration that

support file transfer application. ,from figures [5.29 to 5.34] below show the simulation

results on typical xDSL link.
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0 time_average of point-to- point.utilization
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Figure 5.29: Compare utilization> f0

r typical xDSL link be

POwer meters in wired networ
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Figure 5.30: Compare utilization€& for typical xDSL link between one and hundred

power meters in wired network.

R— EEEE——
@ aneworkstationTtypical |

@ 100workstationStypical |

150 time_average of point-to-point.throughput (packets/sec) |
125 e |

il

- //*fi |

5.0

Ao G SR S R e i

/
|

0.0 i | |
Om 10m 20m

| |
3[‘),,1 40m 50m 60m

Figure 5.31: Compare throughput& fo
Power meters in wired network.

r typical xDSL link between one and hundred
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Figure 5.32: Compare delay< for typical xDSL link. between one and hundred power

meters in wired network.
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Figure 5.33: Compare throughput > for typic
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Figure 5.34: Compare queuing delay - for typical xDSL link between one and hundred

power meters in wired network.

5.3.2 For wireless network

(utilization , throughput ,

e xDSL link when we

In this scenario we want to see how these parameters

queuing delay ) they differed when we take the results on the sam

i ion ,we
change the number of power meter from one to hundred power meters in one regiof »

suppose in this scenario ftp profile configuration that support file transfer application. ,

from figures[5.35 to 5.40] below show the simulation results for typical xDSL link .
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Figure 5.35: Compare utilization = for typical xDSL link between one and hundred

wireless power meters.
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Wireless power meters
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Figure 5.37: Compare queuing delay—> for typical xDSL link between one and hundred

wireless power meters.

8 8 3 8 8

B
o

Figure 5.38: Compare utilization < for typical
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Figure: 5.39: Compare throughput < for typical xDSL link between one and hundred

wireless power meters.
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4 Compare Result Between FTP And Emai]
5 . il For The Same Scenarios (one

Here we show the result of this scenario b c : P
and queuing delay when all power meters send an(}i/ re(:::iintr}llge Lr:clizi:tl:nf, thm;ghpm
clectrical company by using FTP and Email and the results taken on PiP rI(;le, :::E
with 16 Kbps data rate and PPP_DSO links respectively. It's clear that us;ng Email in
transfer data between power meters and electrical company lead usually to low

utilization and queuing delay which is better than using FTP .

5.4.1 Result for PPP_DS1 upload (<) and down load (=)

PPP DSI connect between internet and Hebron electric company with 1.544 Mbps data

rate.

e

R o=

@ scenariol (FTP)
@ scenario2Email R :
time_average of paint-to-point utiization
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i ' pp DS1 for wired
Figure 5.41: Compare utilization€ between FTP & Email on PPP_

fietwork with one region
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Figure 5.42: Compare utilization> between FTP & Email on PPP_DS1 for wired

network with one region .
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Figure 5.43: Compare throughput & between FTP
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Figure 5.44: compare throughput download—> between FTP & Email. on PPP_DS]1 for

wired network with one region .
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Figure 5.45: Compare queuing delay < betwee
fetwork with one region.
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Figure 5.46: Compare queuing delay -> between FTP & Email. on PPP_DS] for wired
network with one region . 5

542 The Result of xDSL link upload (<) and down load )

«DSL link connect between region and DSLAM with 16 Kbps data rate.

Figure 5.47; Compare utilization € between FT
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Figure 5.48: Compare throughput & between FTP & Email on xDSL (16Kbps) for
wired with one region.

@ scenariol
@ scenario2Email
time_average of pointto-point queving delay

7

' i Kbps) for
Figure 5 49. Compare queuing delay & between FTP & Email on xDSL (16Kbps)

Wired with one region.

92




‘r‘ogionA 0 -> DSLAM {01 of ¢ 2t

AM [0] of Cam —

® scenariol FTP) Mpus Netwark pe... .
W scenario2E mail —

2 time_average of point-to-point. utiiization

/\A\/,\

Figure 5.50: Compare utilization=> between FTP & E mail on xDSL (16Kbps) for wired
with one region.
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Figure 5.51: Compare throughput > between FTP & Email on
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Figure 5.52: Compare queuing delay = between FTP& Email on xDSL (16Kbps) for

wired with one region.

5.4.2 The Result for DSO link upload ( <) and download ()

PPP_DS0 link connect between part of Hebron with one region and internet with 64

Kbps.
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Figure 5.53: Compare utilization € between F
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Figure 5.54: Compare utilization> between FTP & Email on PPP_DS0 (64 Kbps) for

wired network with one region.
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Figure 5.55: Compare throughput& between FT
Wired network with one region
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Figure 5.56: Compare throughput - between FTP & Email on PPP_DS0(64 Kbps) for

wired network with one region.
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Figure 5.58: Compare queuing delay —> between FTP & Email on PPP_DS0(64 Kbps)
for wired network with one region.

55 Studying The Affect Of Increasing Number Of Power Meter In Performance.

We have modeled number of scenarios to study how the increasing the number
of power meters affect on the essential performance metric which are utilizatior'l ;
throughput and delay on the three main links (xDSL , PPP_DSO0 , PPP_ADV ) which
PPP_ADV support data rate equal 1.544Mbps as PPP_DSI th

i : J ate below .
“nternet” and “Hebron electrical company” as demonstr

at connect between
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551 LAN Scenarios (wired network)

In the all scenarios we supposed the application configuration which is th
s the

proceSS of sending reading application "sending reading app." by FTP high load
. 1gh load , to

activate this application we must specify the services that we are deal with by profile
configuration "sending reading prof." which contain inside "sending reading app." to
apply this idea we take part of Hebron city and connected with xDSL (1Mbps) which
connected through internet by DSLAM to electrical company, after collecting statistic
on the different links such as throughput, utilization and delay however downstream or
ypstream. After running this scenarios by using duration (1 hour), seed equal 128, and

value per statistic equal 100.

1. One power meter

The target for this scenario to know throughput, utilization and delay and compare it
with the increasing the number of power meter in the other scenario, then take result

based on time average as the figures 5.59,5.60and 5.61 that show some model for the

scenarios we did.

Figure 5.59: Modeling one power meter
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2 Fourteen power meters

Figure5.60: Modeling fourteen power meters

1.Hundred power meters

[

! \ .
\

\

1

Figure 5.61- Modeling hundred power meters
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Results for modeling all scenarios in wired network

After statistics collected for all previous scenarios (throughput, utilization i
; , queuing

delay)s We determine to compare these statistics with increasing the number of power

meter in wired network and the results appeared as follow:

Table 5.1 Utilizations for three links

# of power meter xDSL<-- PPP DSO LINK  DS0 ADV
utalization % utalization<-- utalization<--
1 0.06 1 1.2
2 0.1 2 1.68
5 0.625 93 9.77
10 0.79 12.4 3.3
20 1.2 20.4 18.66
30 2.04 837 37.3
40 2.87 46.2 F6.8
50 297 46.2 46.2
100 4.25 7kl 78.2

Figures 5-62 shows the results of the bandwidth utilization of the xDSL modems to the

connecting DSLAM, PPP_ DSO0 and PPP_ ADV links from a region using FTP protocol.

The figure shows the utilization for both all power meter sending reading to the Hebron

K : . of power
electric company through the internet. It is clear that increasing the number of p

N : ilization of the
meter will increased the bandwidth utilization 1n all three link but the uti

<l s.
XDSL appear higher because we choose the data rate for this link 1 Mbp
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Figure 5.62: Utilization for three links

Table 5.2: throughput Upload for three links

From the data in table 5.2 we have figure 5.63 ¢
al link (xDSL,PPP_DSO,PPP_ADV) and

inc
rease number of power meter .

101

0.2
0.21
0.88
1.68
2.48
497

6.4
6.04
8.88

# of power meter xDSL<--
Throughput <~ throughput<--
1 0.2
2 0i2
5 1
10 1.54
20 275
30 4125
40 6.5
50 6.5
100 8.125

we notice the

PPP DSO LINK  DSO ADV

throughput<--
0.24

0.23

08

1A

3.02

462

74

6.4
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hat show throughput upload
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throughput
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Figure 5.63: Throughput up load for three links

Table 5.3: throughput Download for three links

# of power meter xDSL<-- PPP DSO LINK  DSO ADV
throghput--> throughput--> throughput-->
1 0.2 0.2 0.24
2 0.2 0.26 0.23
5 1 0.93 1.06
10 1.63 1.7 1.68
20 275 3.2 2.84
30 4 4.97 3:9
40 6.75 7.8 7.46
50 6.25 6.04 6.04
100 8.125 8.44 8.88

w throughput download(=>) for

hen

F )
tom the data in table 5.3 we have figure 5.64 that sho
e the throughput increase W

the all link(xDSL, PPP _DSO,PPP_ADV) and we notic
ely become similar to upload.

incr, . i
¢ase number of power meter and this result approximat
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Figure 5.64: Throughput down load for three links

Table 5.4: Upload queuing delay for three links

# of power meter xDSL<- PPP DSO LINK  DSD ADV
delay<-- delay<-- delay<--
1 0.003 0.06 0.15
2 0005 npi0d 0.24
5 0.005 pps] 039
10 0.005 0.08 0.35
20 0.0056 0.085 0.275
30 0.006 0.092 0.6
40 0.0048 0.0746 1.51
50 0.005 0.08 1.06
100 0.0059 0.088 5.33

K and the delay of xDSL link and DSO

of xDSL link so the data can not wait

B
igure 5.65 show the queuing delay for all lin

is
equal zero because the date rate is 1Mbps
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for transfer readings to electrical company while the dej
increase when increase number of power mete elay for PPP_ ADV is clearly
I

delay<—(xDSL,DS0,DS0 ADV)

>~

delay xdsl<~
delay dsO<-
| delay adv<—

w

delay (sec)

[N]

. s T T T T
40 60 80 100 120
Z of power meter

0

Figure 5.65: queuing delay upload for three links

Table 5.5: download queuing delay for three links

& of power meter  xDSL—> BPP DSO LINK  DSO ADV
delay--> delay--> delay-->
1 0.007 0.15 0.12
5) 0.008 0.12 0.11
5 0.0056 0.081 0.07
10 0.006 0.085 0.08
20 0.007 0.1 0.078
30 0.007 0.106 0.079
40 0.0093 0.1 0.085
50 0.008 0.128 0.076
100 0.008 0.128 0.064
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Fi ure3.66 show the :
‘? o queuing delay for all link (xpS[, p
delay 1n X ink is zer : ,PPP
Hebron with the i 0 while the delay for DSO [ink th_ g iR DY ths
gbron W1 e internet i t :
net increase extremely while the de] 1 connecting the part of
ay 1or PPP Adv li
— nk firstly

increase then when increase
' number of power meter with
approximately constant. 50 power the delay becom
(¢

delay-> (xDSL,DS0,ADV)

0.18 §

0.16 /

0.14

0.12
i P\\_// |
/ delay-> xDSL
delay-> DSO

0.08 —
dolay-> ADV

o

004

delay(sec)

0.02

0
0 : : —
20 40 & =3
120

= of power meter

Fi : i
igure5.66: queuing delay down load (=) for three links

3.5.2 WLAN Scenarios:

guration which is the process of sending reading

a ] ion?? .
pplication” sending reading app.” by FTP high load , to activate this application we

al with by profile configu
his idea we take part of

We suppose the application confi

must : : : : C
specify the services that we are de ration “sending reading

prof” whi S
which have inside it “sending T

cading app.” t© apply t
er meters range from one

Heb .
ron city and suppose that it have different number of pow
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power meter to hundred power meters connected with xpgy, (IMbps) which
which connected

throllgh internet by DSLAM to electrical company, after collecting statistics on th
n the

gifferent 1inks such as throughput utilization and delay however downst
= : wnstream or
ypstreamm and after running these scenarios by using duration (1 hour),seed equal

128,and value per statistic equal 100 we have a lot of results as below figure 5.67 ,5.68

and 5.69 show models for some scenarios we did .

{. One power meter wireless

~—tgeeass bd‘iﬁ\\
Figure 5.67: One wireless power meter

2. Fourteen power meters

eters wireless

Figure 5.68: Modeling fourteen power m




‘

‘ ] ¢ b
i xv]&\i.i'\f‘i WITEeIeSS POWET 1M
{un 1ESS power meters

Figure 5.69: Modeling hundred wireless power meters.

o Simulation Results for WLAN

Tables.6: Utilization uploads for the three links

[# of power meter  xDSL<- BPP DSO LINK  DSO ADV o
utalization % utalization<-—- utalization<--
i 0.09 16 1.2
L 02 3.55 1,68
5 0.4 8.4 9.77
ok 0.72 14.2 133
20 1.46 302 18.66
30 2.8 4.4 373
40 3 49 56.8
50 2.45 462 0
100 5.06 88.88 78.2
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3, Hundred wireless power meters

Figure 5.69: Modeling hundred wireless power meters.

o Simulation Results for WLAN

Table$.6: Utilization uploads for the three links

“ noéa_38 9?“:'00\

1

5
10
20
30
40
50
100

1# of power meter xDSL<-

2 b

utalization % utalization<--

0.09 1.6
02 356
0.4 8.4

0.72 14.2

1.46 o
28 44.4

3 49

2.45 46.2

5.06 88.88
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oure 5.70 show the utilization for all link in wire|

the utilization is lower than wire LAN. ess and becays

€ wWe use wireless so

utalization( xDSL,DS0,DS0 ADV)

mow

90

80 - Wl

70 -

i utalization xDSL
o et !
7 g NG | talization DSO

¥ 4 { utalization DSO ADV

walization(®s)
8

0 20 40 60 80 100 120
= of powel metel

Figure 5.70: utilization for three links

Table 5.7: Throughput uploads for three links

# of power meter xDSL<- PPP DSO LINK  DSO ADV
- throughput <-- throughput<-- throughput<--
1 0.2 0.2 0.24
2 0.2 0.21 0.23
5 1 0.88 0.8
10 154 1.68 17l
20 2758 2.48 3.02
30 4.125 4.97 4.8221
65 6.4 %
gg 6.5 6.04 gg
100 8.125 8.88
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throughput xDSL,DS0,Ds0 ADV

10
| |
|
9 Uil ok
et I
8 R .
f”/
=
71 Sp j _//7_—,-— {
g 6 WA s W 5 f/ '
s 7 |
E' / | ———throughput xDSL
i i ~———throughput DSO
£ | throughput DSO ADV!
3 4 5 |
F ‘/7 |
3 -7 “
i |
2 I |
7 |
- |
1 '7’ “
0 L T T . : i |
0 20 40 60 80 100 120

2 OF POWER METER

Figure 5.71: Throughput upload (&) for three links.

Table 5.8: Throughput downloads for three links

# of power meter  xDSL=-> PPP DSO LINK  DSO AD\{n .
throughput --> throughput > throughp --11
1 0.133 0.12 0.
2 0.24 019 0.266
5 06 D 0.6b
0 1.45 1.7 1.4;
1 2.83 3.02 2b
5 475 462 533
a2 65 71 6.4
- 7125 782 782
2 ; 66 14.22
100 14.16 14.
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throughput xDSL,DS0,Dso Ady

—throughput xDSL

i
/ 1 hroughpt DSO
St ‘ throughput DSO ADV

Thioughput(packetsec)
@

4 rf'
4 t
04+= T T T v l
0 20 40 80 80 100 .

= of power meter

Figure 5.72: Throughput download (=) for three links

Table 5.9: queuing delay uploads for three links

# of power meter xDSL<- PPP DSO LINK  DSO ADV
delay<-- delay<-- delay<--

9 0.003 0.0 0.15
2 0.005 0.09 0.24
5 0.005 0.08 0.39

0.35

10 0.005 0.08
20 0.0056 0.085 0.275
30 0.006 0.092 06
40 0.0048 0.0746 151
60 0.005 0.08 123

100 0.0059 0.088 5.
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wireless delay xDSL,DS0,DS0 ADV

3 -+
| |==——delay xDSL

¢ |=———delay DSO
delay DSO ADV

delay {second)

0 20 40 so : ' :
< 80 100 120
= of power metet

Figure 5.73: queuing delay upload (<) for three links

Table 5.10: delay down load for three links

# of power meter xDSL--> PPP DSO LINK  DSO ADV
: delay--> delay--> delay-->
1 0.007 0.15 0.12
2 0.008 0.12 0.1
5 0.0056 0.081 0.07
10 0.006 0.085 0.08
20 0.007 0.1 0.078
30 0.007 0.106 0.073
40 0.0093 0.1 0.085
50 0.008 0.128 0.076
100 M
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Wireless delay xDSL,DS0 DS0 ADV

02 1

0.18 1

0.16 1

0.14 1 7

o
<]
N

-i'\
V;

delay {second)
(
L
N\

| delay xDSL
—~———delay DSO
delay DSO ADV

8
|
!

006 T+

0.02 A

-
0 P ' ; '

40 80 80 1 N
= of power meter 2 12

|

|

|

|

0.04 1 |
|

|

Figure 5.74: queuing delay download (=) for three links

56 Modeling Power Meter system LANSs Sites (“Hara”)

Int 5 O . . .
his section the results of running the simulation to study the effect of utilization,

thr .
oughput and queuing delay usage of the communication links will be presented.

These g
results are taken for both FTP and E-mail communication protocols between the

oW :
power meters and the Hebron electrical company. The used computer is P4 Intel based

co :

mputer with 512 MByte RAM, unfortunately only partial result
| cause the compute system t
deling of each «Hara” wit

of the network is complet

s were taken since any

o crash with out of

enl ;
argement of the simulated system wil
h the connection

memo .
ry problems. However and since the mo

e and can be

xDS .
L modem is full so the results for this section

= _
Justified as will be discussed now.
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It ShOUld. be also nf)ted tf.lat the LAN model for each repian :

qetwork 10 each region with approximately 10 powe region is used to represent th

in ﬁgfjre 5.75 and 1 of them will serve as the comr::le;er? grouped in LAN as show:

elecmcal corflpany,. however the amount of data that sh ation server with the Hebron

power meter is 10 times larger than that of the data sent b; uld hbe sent from this server
€ach power meter in the case

ach power mete ing its ow
ofeach p r sending its own data to the Hebron el
electrical company
pany.

centerswich

Figure 5.75: !
& .75: Modeling Power Meter system LANSs Sites (“Hara”)

The OPNE
T package uses the definition of application protocols and profiles so as to

realistic statistical distrib

sumed that each power

e this may be the case i

simulate th
c oo :
real Int flow of packets using difierent ution to model the
nterne S =
t data flow. In this simulation We a5 meter is sending

mediy
m load FTP or high load E-mail data sinc n real meter

60 second

function;
10nin
g, so we assumed that each power meter sends data only once each 3

Usin ;
g eXponential distribution.
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Figures 5,76, 5.77 and 5.78 shows the results of the utilization throughput (packet/sec)
2 CKet/sec

nd queuing delay respectively of the XDSL modems from 2 i
connecting

DSLAM using the E-mail. The figures show the utilization for both all power met
cler

ending and 1 of 10 power meters sending scenarios. It is observe if the power met
er

setwork in one site communicate and collect data from each other and ope of the meter

nd the data to the power company performs better (utilization , throughput , delay)

than all meter sending data to the power company.

-} reqion 0 > D o)
@ scenario2Email
@ scenario2Emaillannnnl correct
o time_average of point-to-point.utifization

40

30

20

10

| |
Om 10m 20m 30m 40m

Figure 5.76: xDSL utilization > using Email protocol
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M scenario2Email
W scenario2Emaillannnnl correct

tim int-to-poi
X 8_averaga of point-ta-point.throughput (packets/sac)

| |
Om 10m 20m 30m 40m 50m 60m

Figure 5.77: xDSL throughput—> using Email protocol

e

eSS

+|region O -> DSLAM [0] of Campus Network. pa... f_C_J[Z,

@ scenario2Email
o scenario2Emaillannnni correct !
time_ayerage of point-to-point.queuing delay
15.0
125
10.0
75 l\ /
5.0 ...1
251 2
o r | | | 4(|lm 51!],,, S(Ilm

Figure 578 xDSL queuing delay=> using Email protocol.
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Fiures 579, 5.80 and 5.81 shows the results of the utilization, throughput and queuin

elay of the xDSL modems from a “Hara” to the connecting DSLAM using the mediung]
i FTP protocol respectively. The figures show the very bad queuing delay of the all
over m eters sending compared to 1 of 10 power meters sending scenarios. It is observe
if the power meter network in one site communicate and collect data from each other
and one of the meter send the data to the power company performs better (utilization ,

throughput » delay) than all meter sending data to the power company.

-] cegion 0> DSLA ampus Newarkpo.,  |0|X,
@ scenarioZl |
@ scenario22ftpmedium correct
time_average of paint-to-point.utilization

40 ,
30 \ i
& \ E
i
|
10 1
i
E

0 | | |

| | | 60m
Olm 10m 20m 30m 40m 50m |

Figure 5.79: xDSL utilization - using FTP protocol
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+ ] region : DSLAM [0] of Campus Network pa. b
@ scenario2] |

- wenariy&ﬂpmuﬁumhonad
o8 time_average of paint-to-paint.throughput (packets/sac)

25 3

o)

1S

05 .

0.0
| | |
Om 10m 20m 30m 40m 50m

Figure 5,81 xDSL, delay~> using FTP protocol.
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57 Testing

First we use integrated testing to verify the objective of the project in this simul
simulator

(OPNET) we design the model and collect statistic and before run we must verif
rify:

1. Ifall links is correct?

Connect source port with according destination port
The size of the packet could not reach MTU
Examine the correctness of connecting device

Determine the application which the power meter deal with

S R W W

Determine the profile for all power meter and verify if the profile is defined in

application.

after run complete we choose to view the result and examine the result show it , if there
is not any data shown in the figure this mean error occur we repeat until the simulation
produce result. Depending on the collected result we can give advice to electric Hebron

Company.
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(HAPTER SIX: CONCLUSION AND FUTURE WoRK

6.1 Results

We observed the following through our simulations of the system

|. We observe increasing the number of power meter in each part of Hebron "Hara" will
increase the utilization, throughput and delay of the links connected these power meters

o the internet and we here show only the utilization in wired network as figure 6.1.
@ scenarioZ1{one region)

I

|

?l @ scenario22sahtworegionftp

! time_average of paint-to-point. utiization
|

| 175

15.0

10.0

75

25
0.0 j
| I |
Om 10m 20m

Figure 6.1:PPP_DS1 utilization =
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2, The link bandwidth is limited then the queuing delay wij| increase th b
_ € number of

power meter accordingly it may be a requirement to increase the link bandwidth if h
if the

qumber of power meters increases in a certain sites

3. Although the connect through wired LAN is more difficult than using wireless to

ransmit data from the power meters to a certain part of sites, we observed that the

atilization , throughput and delay over the xXDSL link is better in the wireless network

meter OVer the wireled network meter as described here.

- wirelesssend]
@ scenarioZ2sahtworegionftp

time_average of point-to-point.queuing delay
0.05

u04 2 A /J\/\’f\/”‘\

b
Tr

0.02

0.01

Figure 6.2:PPP_DS1 queuing delay.

i i icate and collect data
gD is observe if the power meter network in one site communic o
ata to the power company perio

from each other and one of the meter send the d

pOWGI’

ing data to the
better (utilization , throughput , delay) than all meter sending
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ical xXDSL two internal communication [;
for @ tYP ion link configuration b
etween power

eters and power company , we observed that the number of power meter ;
i I In each site
grefer ed tobe limited about 50 power meter other wise 4 higher bandwidth shoul
should

pe used-

6.2 Conclusions

Nowadays one of the most popular and general technologies for information
resources access and information representation is the World Wide Web technology
(Web technology) which is widespread in the global computer network Internet, The
standard methods of Web-navigation can be used for the control and monitoring of
embedded power meter systems and its controlled entities. Other communication
protocols such as FTP and E-Mail a power meter embedded Micro web-servers with
Ethernet port provide a very cost effective way of sending the information to the end
users or to the database servers. The network is always on, connection that provides data
streaming and data updates for real time data information. It also provides further cost
benefits by eliminating the need for the human and manual data collection or other

telephone connections.

: i that
All meters transmit the stored data over the internet {0 the data collection servers

store, calculate and aggregate the energy information. Portfolios are created which b.rfng
be drilled down to @ facility,

collected and aggregated;

ge for multiple areas

el the metered data to a centralized view. This data ¢an

floor, and meter and to each interval. The data is automatically
: : a

one does not need spreadsheets or spend time entering energy s

for thergy management.
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More OVeT each device in the customer’s house may be electrically wired

on the ntelligent power meter and it can also be fetioleiatic meto alioad point
internal LAN using either wireless technologies or may be theert T .an
communication techniques. In our project we have show the differemp(t)wer line
technologies of communication links can be utilized as the communication mipdeii an‘d
an AMR or automatic meter reading systems. This includes local area net\:vno;:
technologies, wireless technology, Then we model and simulate each technique and

show the result.

In our project, the results of running the simulation to study the effect of bandwidth,
throughput and delay usage of the communication links were presented. These results
are taken for both FTP and E-mail communication protocols between the power meters
and the Hebron electric company. The used computer was a P4 Intel based computer
with 512 MByte RAM, unfortunately only partial results were taken since any
enlargement of the simulated system caused the compute system to crash with out of

memory problems.

6.3 Future Works

e Our approach shows the applicability of Automatic Power Meter Reading

: _ .
mechanisms. Key enhancements t0 this approach are
me used to access remote N

nder study,

etwork
including modifications to the sche :

i idered.
status information. Also more simulation tests should be consid
s with single MAMR will be simulated when a

e Multiple sites and subnet

simulation environment is available-
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Study Of the pow
er m
eters themselves ang par
ameters that
can be

COlle 1 d om th iti y t
fr cm. In addltlon tO the pro'e(:l alre
c. (& J lr ad done to d i
m CSIgn he

Study of Fault tolerance issues related to A
. 0 AMR.
Study the security of automatic power met
eter.

Simulate the power line carrier or PLC
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Appendix

pppendix (1): Modeling Palestine Polytechnic University Network

The old PPU network connection there is a main switch i
connected with router and all the building connecting with serial dial l: the? s
100Mbps and enhancing they replaced by fiber optic with band w:)d::th it
raffic so for this purpose we simulate a PPU result network to check pe fl s
officiency and when the bottleneck is occur , each Building in PPU h:s rao::::rc ioand
om

hat contain a server closet containing a main switch(24port) gather all uplink fi Il
rom a

floor .

o Process simulate ppu network:

@ )

Collect D Simulate

informatio raw the b Show the
n about pemork ﬁgtwork result
ppu

[ network |

Advice
soulation to
get best
performance

Check the
performance

Figy :
gure 1.a: Process for PPU Simulation
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Modeling the PPU network
OPNET Modeler is the industry’ .
y’s leading environment fi
or network
modeling an
d

gmulation; allowing you to desi
S
ign and study comm
unication
networks devi
2 eVlCeS,

protocols, and applications with unmatched flexibili
! lty and scalabi
ability.

Building B:

Figu : i
gure 2.a: Wadi_ Alharia Building B

Floors: Buildi
uilding B Containing Five Floors

Figure
B -
a: Floors in building( %Z:k
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. Car Test Center



ELECRONIC SW1

Figure 6.a: Second Floor.

Third floor:

Figure 7.a: Third Floor.
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or':

¢ 8.a: fourth floor.
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