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FOREWORD

This handbook was created fo provide individuals responsible for
managing and implementing Traffic Signal, and Freeway
Management programs with an understanding of the basic
technologies of telecommunications. The handbook provides a
brief look at the history of felecommunications so that its
readers may gain an understanding of why various processes
exist, and how the technologies evolved. The handbook is noft
designed to be used as a specification for telecommunication
systems.

The technologies associated with telecommunications are in a
constant state of change. This handbook was written over a two
year period between August, 2002 and June 2004. During this
tfime, a number of emerging technologies began fo reach maturity.
The most significant of these, wireless internet access, and voice
over IP have caused the major carriers (tfelephone companies) to
announce the construction of new facilities to provide "Internet
Telephony"” services. This construction is to start in 2004.

Welcome to the future!
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1. CHAPTER ONE - TELECOMMUNICATION
BASICS

Introduction

The "Telecommunications Handbook for Transportation
Professionals”" was originally published in 1987 as the
"Communications Handbook for Traffic Control Systems"”. The
first (and only) update was initiated in 1991, and published in
1993. Given the significant advances in the technology of
telecommunications, and the complexities of Traffic and ITS
systems deployment its is necessary to create a new (rather than
a revision) handbook providing a broader view of
telecommunications technology as applied for traffic and
transportation purposes. This handbook provides a broad overview
of telecommunications technology and history.

Purpose
The "Telecommunications Handbook for Transportation
Professionals”" is intended to provide an introduction +to

telecommunication technology and process for transportation
engineers and project managers involved in the design and
deployment of traffic signal and freeway management systems.
The handbook can be used as a resource that provides an overview
of the various technical issues associated with the planning,
design, operation, and management of a communications system. It
is intended to provide the user with a better understanding of
applied communications technology and the considerations for use
in freeway and surface street networks.

The intended audience is tfransportation professionals who may be
involved with, or responsible for any phase in the life cycle of a
traffic signal or freeway management control network. This
includes all public or private “practitioners” (e.g., managers,
supervisors, engineers, planners, or technicians) involved with any
issue or decision (e.g., policy, program, funding, or system
implementation) and who may directly or indirectly influence the
performance of traffic on local arteries or freeway facilities.
These activities may include, but not be limited to, planning and
design, operational strategies, programs, and services that
support continuous management of travel and control of traffic,
and the technology infrastructure to provide these capabilities.
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Relationship to National Architecture

Telecommunications systems as part of the National ITS
Architecture are the connecting pathways that bind the various
elements of traffic signal, freeway management, and
transportation systems together. The National ITS Architecture
"sausage diagram” indicates how these elements are bound
together, but does not specify the telecommunication system. The
developers of the National ITS Architecture understood that
each telecommunication system would be uniquely designed to
meet the needs of each project.

The significant diversity of communications technologies and the
overall complexity of traffic signal, freeway management, and
transportation systems have created a need for traffic and
transportation professionals to implement the Systems
Engineering Process (SEP). This handbook provides a summary
(Chapter 4) of how to apply an SEP to the development of a
telecommunications system, for traffic signal and freeway
management systems development.

Open System Interconnection Model (OSI)

The OSI model is an International Standards Organization (ISO)
standard that defines a framework for implementing
telecommunication and software protocols. The OSI model is
organized intfo seven hierarchal layers. Control is passed from one
layer to the next starting at the application layer and proceeding
down to each successive layer and back as required for any given
process. Most of the functionality of the OSI model exists in all
communications systems - however, two or three layers may be
combined into one. The most significant role of the OSI model is
to serve as a reference for the development of other protocol
stacks. A detailed explanation of the OSI Model is provided in
the Addendum section of this handbook. Table 1-1, provides a list
of the OSI Model Protocol Stack.
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Table 1-1: OSI Protocol Stack

OSI Protocol Stack
Layer # Protocol
7 Application
6 Presentation

5 Session

4 Transport
3 Network
2 Data Link
1 Physical

Telecommunications hardware generally utilizes layers one and
two of the protocol stack. Modems, multiplexers, bridges,
routers, switches, media converters, codecs, etc. are examples of
the types of devices that exist at the physical and data link
layers of the protocol stack. All media and most of the protocol
converters are considered as layer one itfems. Some
communication hardware devices are designed to operate at
higher layers. A network router is often referred to as a "layer 3
router”. This is one of the few examples of communication
hardware that is designed to function above layer two. Most
communication systems are not designed using the OSI protocol
stack. This is because the hardware vendors have already taken
the OSI model into consideration for the design of their
products. The RS232 and RJ45 connectors built into the 2070
traffic controller are already layer one compliant. Serving as a
protocol stack model, OSI is used as the reference for the
development of most other communications protocols. The
National Transportation Control Interface Protocol (NTCIP)' has
a specially developed protocol stack based on the OSI model.

! http://www.ntcip.org
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Figure 1-1: Diagram - NTCIP Standards Framework

Notice (figure 1-1) that the NTCIP protocol stack is modeled on
the OSI stack, and has embedded telecommunication standards.
Communication system designers would simply use the pre-defined
telecommunication standards. However, developers of software
control systems must be acutely aware of the NTCIP protocol
stack. NTCIP and its role in the development of a communication
system is explained in Chapter 3.

Telecommunications History

The history of modern-day communications technology can be said
to have started when Samuel Morse invented the wireline
telegraph in 1832. However, it was Alexander Graham Bell's
invention of the ftelephone, in 1874, that led to the development
of our present day communications tfechnology. Morse had simply
created a way for humans to extend their ability to transfer
information - instantly - over great distances. Bell gave us the
ability to have the most intimate form of communication over
distances - the use of our voices.

The concept of the ftelephone instrument - and the system that
allows it to work - was so strong that most communication
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technology during the past 125 years was developed fto support an
efficient voice communication network. It wasn't until 2004 that
major telecommunication carriers announced the need fto develop,
and support, a network designed for the purpose of transporting
digital data.

The wireless telegraph (now referred to as radio) was invented by
Guillermo Marconi in 1896% When wireless communication was
finally able to be used for voice ftransmission, it emulated the
telephone system.

From 1874 to 1980, communication networks around the world
were constructed to facilitate the efficient and economical
transmission of voice conversations. Multiplexing and digital
transmission systems were developed to “cram” more voice
conversations into the existing copper wire communication
facilities.

The Internet, first developed in 1973 as a project for the U.S.
Department of Defense Advanced Research Projects Agency
(ARPA), initiated a profound change in the future development of
communications networks and ftechnologies. Originally called the
Arpanet - linking several Universities and research laboratories -
it evolved into the world wide web (WWW). During this period,
there were a number of significant technology advances and
government enforced corporate reorganizations that helped to
change the direction of communications systems development:

1. Computing and communications technologies were provided a
big boost by the invention of the integrated circuit (IC) in
1959. The IC permitted development and manufacture of
smaller and more automated communication devices at a very
low cost.

2. The Carterphone Decision, by the U.S. Supreme Court, in
1968, made it possible for the connection of non-telephone
company owned devices (until this point, only devices owned
and operated by the telephone companies were permitted).

3. In the 1970s, fiber strands were first used as a
communication medium.

4. In 1983, the U.S. Supreme Court mandated reorganization
of AT&T was enforced.

2 Historically, Marconi is credited with the invention of the wireless telegraph, however, a landmark June 21, 1943 supreme court decision stated
that Marconi had violated Nikola Tesla's patents for wireless communications. See "United States Reports; Cases Adjudged in the Supreme
Court of the United States," Vol. 320; Marconi Wireless Telegraph Co. of America v. United States, pp. 1-80.
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New inventions coupled with increasing business and consumer
demand for computer and data communication services forced a
change in the nature of the development of communications
networks. By 1995, most installation of communications networks
was devoted to the efficient fransmission of data generated by
computers. However, these networks were still based on a voice

1876 1995 Present
Voice Sate
Telephone g p» Network
Invented Network Dominance
Dominance Starts

Figure 1-2: Telecommunication Timeline
communication design.

The development and infroduction of broadband data
communications standards (IEEE 802 Series®) helped to create a
demand for communications networks designed to support data
communications.

By 2003, wireless (cellular telephone) networks were available to
almost every location of the United States (remote wilderness
areas still lack coverage). According to the Cellular
Telecommunications & Internet Association (CTIA), there were
more than 148 million wireless subscribers, and 92% were using
digital service.

A timeline of the support for traditional voice transmission
services versus data transmission services might appear as
follows:

By 2003, 63% of Americans use the internet, and 31% of home
users have broadband access® In early 2004, Verizon, announced
a major upgrade of its basic telephone network to support
“Internet Telephony” or Voice over Internet Protocol (VoIP)>.
Southern Bell Corporation (SBC) also announced similar upgrades
for its networks.

Handbook Organization

The Telecommunications Handbook for Transportation
Professionals is organized to provide the reader with a logical
flow of information with a description of various communication

3 http://www.ieee.org

4 pew Trust - “Internet & American Life”, December 2003. - http://www.pewtrusts.org
5 Ivan Seidenberg, CEO Verizon, at the Consumer Electronics Show, Jan 2004,
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terms and technologies that are commonly used (or considered)
for the deployment of Freeway Management and Traffic Signal
systems. Technical descriptions are kept at a minimum
engineering level fo provide non-communication professionals with
a basic understanding of the technologies.

Chapter Two - Telecommunications Fundamentals. Communication
technology is provided in a "basic to complex” order. The chapter
starts with copper based transmission media and steps the reader
through a progression of terminology that includes: fiber optics,
wireless, video multiplexing and Ethernet systems.

Chapter Three - Telecommunications & The National Architecture.
The chapter is a general look at the relationship of
telecommunications systems design and the National ITS
Architecture and NTCIP. The reader will be made aware of the
fact that NTCIP is not a standard, but a protocol that defines
the relationship of the many current (and developing)
communications standards for use in a traffic signal, freeway
management, or transportation system.

Chapter Four - Developing the Telecommunication System. This
chapter provides the reader with a system engineering approach
to the design of a communications system that supports traffic
and transportation requirements. The chapter provides a step-by-
step process that should result in a communication system
requirements analysis and preliminary design. The primary axiom
that drives the design of a communications system is - "there are
no absolutes!” For most communication systems there are usually
several ways to achieve the desired results. A qualified
communications system designer will generally present several
different approaches and ask the project manager to make a
decision.

Chapter Five - Communications for Field Devices. The chapter
provides an in-depth look at basic system configurations for field
devices used in traffic signal and freeway management systems.
Each field device has a specific set of communications
requirements.

Chapter Six - Communication System Maintenance. Maintenance of
a telecommunication system is essential. Operators of these
systems must provide for the care and feeding of the networks
that connect all field devices and operational centers. The
chapter discusses the need to create a budget for maintenance,
the relationship of manufacturer warrantees to maintenance, and
technician qualifications.
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Chapter Seven - System Examples. This chapter presents a look
at ‘"real-world”" systems deployed by departments of
transportation. Two systems are described to show how similar
problems use different approaches to a solution.

Chapter Eight - Installation and Testing. A major cost element in
the deployment of a communications system is installation
(construction). Very often, project managers assume that proper
installation procedures are being used by contractors. This
chapter provides guidelines for proper handling and installation
of communications media. Wireline and wireless media are
discussed.

Chapter Nine - The Internet. First conceived and implemented
nearly thirty years ago, has had a profound effect on the way
individuals, private companies and public organizations
communicate on a day-to-day basis. The chapter in this document
will provide the reader with a basic understanding of +the
composition of the Internet, the World Wide Web (WWW), how it
works, and how it can be wused as part of an overall
communications and operational strategy for Traffic Signal, FMS,
and ITS systems.

Chapter Ten - The Future. An attempt to provide some insight on
the general future of communications systems and the possible
implications for the deployment of telecommunications systems to
support Freeway Management and Traffic Signal systems.

Appendix A - Contains additional information that readers of this
handbook can use for investigation of additional resources. The
following items are included in this appendix:

e List of TEEE 802 standards and working groups

e Comparison of analog voice and voice-over-IP (VoIP)

e How to calculate a fiber optic loss budget

e A discussion of rural telecommunications requirements

Glossary - Definitions - will provide a listing of all terminology
used in this handbook.
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2. CHAPTER TWO — FUNDAMENTALS OF
TELECOMMUNICATIONS

Introduction

Transmitter, receiver, transmission medium - these are the basic
elements that make up a communication system. Every human
being is equipped with a basic communication system. The mouth
(and vocal cords) is the transmitter, ears are the receivers, and
air is the transmission medium over which sound travels between
mouth and ear. The transmitter and receiver elements of a data
modem (such as the type used in a traffic signal system
controller box) may not be readily visible. However, look at a
schematic of its components, and you will see elements labeled as
"XMTR" and "RCVR". The modem's transmission medium is typically
copper wire, fiber, or radio.

Almost all communications networks have as their basis the same
set of Telephony (Telepho-Ny) standards and practices. "Ma Bell”
(the Bell Telephone System and
American Tele p hone & Some communication transmission
Telegraph, and others) spent protocols were developed to work
years and billions of dollars independently of the Telephone System.

creating, perfecting and ETh.e‘r'neT, for example was cr'ea.‘rec.i to
. .7 facilitate data communication within a
maintaining a . s
. . closed system that was contained within

telecommunications network . -
dedicated to rovidin the an office building. The Internet was
. P 9 ) created as a closed communication

most reliable voice

network.

communication service in the
world. All other communication
technology and process evolved based on that communications
network. Engineers and scientists involved in the development of
new communication technologies and processes had to make
certain that their “product” could be used within the existing
telephone networks. And, the telephone company required
backward compatibility. Telephones manufactured in 1950 still
work in today's network. Modems manufactured in 1980 still work
in the current system.

As you read through this chapter, and the rest of the handbook,
please keep in mind that telecommunication standards, practices,
and protocols were developed for the communication industry. All
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of these systems must be adapted for use in a traffic signal or
freeway management system.

Today, in North America, Mexico, most of Europe and the Pacific
Rim, voice services are in fact sent as digital signals and
converted to analog just before leaving (and arriving at) the
serving central office, at the end-user points. The reader might
ask: "If voice is converted to digital isn't that the same as

data?” The answer is no - “digital fransmission” does not
automatically infer data communications compatibility. Analog
transmission systems can, and do, carry data. In

telecommunications, digital and analog are distinct forms of
communication transmission. This chapter provides information
about the basics of telecommunications - the transmission media
and transmission systems, as well as an explanation of the
differences between analog and digital transmission. Transmission
media are those elements that provide communication systems
with a path on which to travel. Transmission systems are those
elements (hardware and software) that provide management of

the communication process and
the use of the transmission path. For purposes of this discussion,
voice is any fransmission that
can be switched through the
Carrier networks in an analog
format. This includes data
transmitted within a voice
channel using a modem. Data is
any digital transmission that
cannot be switched through the
Carrier networks.

The telecommunications world
would be very simple if +the
distinction between transmission
media and systems (protocols)
were easily defined. Often, a
specific transmission system will
only work within a specific
medium. Spread Spectrum Radio
is one example. Radio (RF) is the

transmission medium, and spread

spectrum is the transmission system (protocol). Although it is
possible tfo create a spread spectrum communications signal over
wireline, the process is not typically used because there are
other more efficient methods of fransmission signaling.
Therefore, spread spectrum fransmission signaling is almost
always associated with RF. There is always a point at which the
Spread Spectrum Radio system must interface with another
transmission medium, and/or system. This is accomplished by
converting from RF to a wireline signaling protocol. The
telecommunications process can be viewed as an excellent example
of multi-modalism.
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The chapter is divided into sections that cover
e Transmission Media
e Transmission Signaling
e Basic Telephone Service
e Multiplexing
e High Capacity and Broadband Transmission
Sub-topics in the sections look at:
e Media Consideration Factors (why use one over another)
e Differences between voice and data signaling
e Video Transmission (CODECS & Compression)
e T-1 Communication
e SONET, WDM & Ethernet

e Wireless

Transmission Media

Transmission media are the highways and arteries that provide a
path for telecommunications devices. There is a general tendency
to say that one transmission medium is better than another. In
fact, each transmission medium _
has its place in the design of | Factors ~to  consider  when
any communication system. Each choosing  fransmission  media
has characteristics which will include: cost, ease of installation
ake it the ideal edi Yo use and maintenance, availability, and
[)nased on a ar“l':r::ulall:l‘mse'l' uof most important, efficiency of
. P . . transmission.
circumstances. It is important
to recognize the advantages of each and develop a system
accordingly.

Transmission efficiency is generally viewed as the amount of
signal degradation created by the use of a particular transmission
medium. The transmission medium presents a “barrier” to the
communication signal. The "barrier” can be measured by many
different factors. However, one common question is asked abouft
all communication media. How far will the communication signal
energy fravel before it becomes ftoo weak (or distorted) to be
considered unsable? There is equipment available to extend the
distance for ftransmitting a signal, but that adds to the overall

cost and complexity of deployment.
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MEDIA CONSIDERATION FACTORS

Ease of installation of the communication medium is relatively
simple to define. Generally, all communication media require care
when being installed. The installation should be accomplished by
trained and knowledgeable technicians and managers. For
purposes of this discussion, consider the relative degree of
difficulty for the placement of the fransmission medium. Cables
(fiber or copper) require a supporting infrastructure, as does
radio or infrared. Consider the following:

If you are planning to use fiber optic (or copper cable) and the
system plan calls for crossing the Delaware River, there will be
significant installation (construction) challenges. The
construction may require a bore under the river, or finding a
suitable bridge. Either of these methods may add significantly to
your budget. Wireless might seem I|like a good option. It
eliminates the need fo find a suitable crossing location for your
cable. However, you will need to place the antenna at sufficient
height to clear trees buildings and other objects, and account for
terrain differences on both sides of the river. Local residents of
the nearby Yacht Club condominiums may complain about the radio
tower spoiling their view of the sunset. Don't forget to add in the
cost of hiring a graphic artist to create a drawing that shows how
lovely the rays of the setting sun are when reflected off the
radio tfower.

Some products may be more | "Put-ups” - the term  cable
readily available than others. manufacturers use to describe the
For example, the most configuration of a cable. The
common type of fiber cable expression is offen used in the
available is outside plant following manner: "The cable s
with armor shielding, 96 available in 5000 foot “"put-ups”.

strands of single mode fiber
arrayed in loose buffer tubes, on 15,000 foot reels. Make certain
that you allow enough time for product to be manufactured,
especially if a special cable or hardware configuration s
required. Availability of product due to manufacturing delays will
impact on overall project schedule and may impact on overall
project costs.

Cables that contain combinations of different types of fiber
strands such as single mode and multimode fibers, or mixtures of
copper and fiber, or odd (different from standard put-ups)
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numbers of fiber strands will require more time to produce and
could add several months to the delivery cycle.

Fiber, copper, radio, infrared all have different fransmission
characteristics. Fiber is considered to have the best overall
characteristics for fransmission efficiency. That is, +the
effective loss of signal strength over distance. Cable is rated by
the manufacturer for signal loss. Signal loss factors are stated in
terms of dB per 1000 meters. Typical single mode fiber may have
a signal attenuation factor of between 0.25 dB/km and 0.5 dB/km.
The cable manufacturer will provide a specification description
for each product they offer. In theory, you can send a signal
further on fiber than via most other transmission media.

However, consider that radio signals at very low frequencies
(below 500 kilohertz) can travel for thousands of miles. This type
of radio signal can be used to carry data, but very impractical for
use in traffic signal and freeway management systems. VLF radio
signals are only capable of efficiently carrying data at very low
bit rates. This type of system was used by the Associated Press
organization to transmit news articles between Europe and North
America, and is also used by the Military for very long distance
data communications.

Maintenance and operational costs are two other factors that
should be considered when comparing transmission media for any
given application. Fiber optic cable can be installed in conduit six
feet below grade, and never touched for decades. Maintenance of
the fiber cable is minimal. Microwave systems may be constructed
in less time and at a lower cost than fiber cable placed in
conduit, but the tower sites require significantly more
maintenance, including re-painting the fower, and annual
inspections for rust.

In summary, take all of the attributes of the potential media
that could be used for a specific application and determine which
will provide the most “"bang for the buck”. This does not always
mean most bandwidth, highest fransmission speed, easiest fto
install, or lowest cost - all factors that may influence your choice
of transmission media. The best media are the ones that will
support as many of the system requirements as possible and help
to assure satisfaction with overall performance.
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WIRELINE MEDIA

We begin with basic information about the most common types of
transmission media used today:

e Copper Wire

e Fiber Optics

e Radio Frequency (Wireless)
e Free Space Optics

Many engineers will argue that one ftransmission medium is the
best, or better than some of the others. The reader should keep
in mind that each medium has advantages and disadvantages.
Which medium is best depends upon the purpose of +the
communications system and the desired end results. In fact, most
systems are a hybrid. That is, fwo or more media are combined to
effect the most efficient communication network infrastructure.
There are many fraffic signal systems that combine a twisted
copper pair infrastructure with wireless links to serve part of
the system. The decision to create this type of system may have
been based on economics, but that is certainly one of the reasons
to choose one medium over another, or to combine the use of
several.

Copper Media

The electrical properties of copper wire create resistance and
interference. The further communication signals travel the more
they are weakened by the electrical properties associated with
the copper cable. Electrical, resistance within the copper medium
slows down the signal or flow of current. The electrical
properties of copper wire are the key factors that Ilimit
communication transmission speed, and distance. However, it was
those same properties together with cost, ease of manufacture,
ability fo be drawn into very thin strands, and others that made
copper a logical choice for its selection as a communication
transmission medium, and a conductor of electricity. Aluminum
and gold are also used for communication purposes, but gold (the
most efficient) is too expensive to use for this purpose and
aluminum is not an efficient conductor for communication
purposes.

There are two primary types of cables containing copper wire
used for communication:
Chapter 2
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e Twisted Pair
e Coaxial
Twisted Pair

Communication signals sent over copper wire are primarily direct
electrical current (DC) which is modulated to represent a
frequency. Any other electrical current near the communication
wire (including other communication signals) can introduce
inferference and noise. Multiple communication wires within a
cable bundle can induce interfering electro-magnetic currents, or
“cross-talk"”. This happens when one signal within the cable is so
strong that it introduces a magnetic field into an adjacent wire,
or communication pair. Energy sources such as power transmission
lines, or fluorescent lighting fixtures can cause electromagnetic
inferference. This interference can be minimized by twisting a
pair of wires around a common axis, or by the use of metallic
shielding, or both. The twisting effectively creates a magnetic
shield that helps to minimize "crosstalk”.

Twisted pair is the ordinary copper wire that provides basic
telephone services tfo the home and many businesses. In fact, it is
referred to as "Plain Old Telephone Service” (POTS). The twisted
pair is composed of two insulated copper wires twisted around one
another. The fwisting is done to prevent opposing electrical
currents traveling along the individual wires from interfering
with each other.

Twisted copper pair, is what Alexander Bell used to make the
first telephone system work and is generally the most common
tfransmission medium used today.
A broad generalization is that
twisted copper pair is in fact
the basis for all
telecommunication technology
and services today. Ethernet -
originally developed to work over
coaxial cable - is now a
standard based on ftwisted pair.
By comparison, a basic voice
telephone conversation uses one
(1) twisted pair, where as an
Ethernet session uses at least
two (2) twisted pair (more about

Figure 2-1: RJ-45 Connector
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Ethernet later in this chapter).

Each connection on fwisted pair requires both wires. Since some
telephone sets or desktop locations require multiple connections,
twisted pair is sometimes installed in fwo or more pairs, all
within a single cable. For some business locations, twisted pair is
enclosed in a shield that functions as a ground. This is known as
shielded ftwisted pair (STP). Ordinary wire to the home s
unshielded twisted pair (UTP). Twisted pair is now frequently
installed with two pairs to the home, with the exfra pair making
it possible to add another line - perhaps for modem use.

Twisted pair comes with
each pair uniquely color | EIA/TIA provides a color code and wiring
coded when it is packaged | standard for RJ-45 Connectors. The

in mul-riple pairs. standard is EIA/TIA 568A/568B. These
Different uses such as | standards utilize 4 twisted pair, because
analog digital and the RJ-45 connector has 8 terminals.
Ethernet require

different pair multiples. There is an EIA/TIA standard for color
coding of wires, wire pairs, and wire bundles. The color coding
allows technicians to install system wiring in a standard manner.
A basic single telephone line in a home will use the red and green
wire. If a second phone line is provided, it will use the yellow and
black wire. The most common
cause of telecommunication Cat 3 cable is considered to be
system problems is incorrect the standard for basic telephone
wiring. This wiring protocol is and the.rnef .ser'vices. However,
for standard telephone set | AT 5 is being deployed as a
jack connections. Data systems | "eplacement —and in all - new
use different arrangements installations.

and color codes. The most common is the EIA/TIA standard.
Please note that NEMA and ICEA have color codes for electrical
wire. Do not confuse these with telecommunication wire color
coding standards.

Twisted pair is categorized by the
number of twists per meter. A greater
number of twists provides more
_— protection against crosstalk, and other
"™ forms of interference and results in a
better quality of fransmission. For data
transmission, better quality equates to
fewer ftransmission errors. Later in this chapter, we'll look at the
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effects of transmission errors as they impact on throughput and
delay times.

There are two types of twisted pair cables used for most in-
building situations today - Category 3 UTP (CAT 3) and Category
5 UTP (CAT 5). However, as of the writing of this handbook, all
new and replacement installations use CAT 5. These cables have
been developed based on a set of standards issued by the
ETIA/TIA (Electronic Industry Association/Telecommunications
Industry Association). CAT 3 is used primarily for tfelephone
cabling and 10Base-T installations, while CAT 5 is used to support
10/100Base-T installations. CAT 5 wiring can also be used for
telephone systems. Therefore, most new installations use CAT 5
instead of CAT 3. The CAT 5 cable is pulled to a cubicle or office
and connected to a wuniversal wall plate that allows for
installation of data and voice communication systems. Category 5E
(CAT BE) has been developed to accommodate GigE installations.
CAT BE is manufactured and tested under stricter guidelines than
CAT 3 or CAT 5. Two new standards - CAT 6 and CAT 7 - have
been adopted to meet criteria for 10GigE (and higher)
fransmission speeds.

Table 2-1: Twisted-Pair Communication Cable Category Ratings

Category | Maximum Data Rate Usual Application
Analog Voice (POTS), Basic
cAT1 Less than 1 Mbps Rate ISDN, Doorbell wiring
Primarily used for Token Ring
CAT 2 4
A Mbps Networks
Voice and Data, and 10Base-T
CAT 3 16 Mbps Ethernet. Basic telephone
service
CAT 4 20 Mbps Used for 16 Mbps Token Ring
10Base-T 100Base-T  (fast
100 b to 1 :
CAT 5 s Mbps up o 1| ey inet), GigE, FDDI, 155
P Mbps ATM
Cat 5E 100 Mbps FDDI, ATM
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CAT 6 Greater than 100 | Broadband Applications
Mbps
CAT 7 Emerging Standard GigE plus

Coaxial Cable

Coaxial cable is a primary type of copper cable used by cable TV
companies for signal distribution between the community antenna
and user homes and businesses. It was once the primary medium
for Ethernet and

other types of local Outer

area networks. With Sheat. Metallic Shield (can
the development of be foil or braided)
standards for Copper
Ethernet over Core
twisted-pair, new

installations of (

coaxial cable for
this purpose have
all but disappeared.

Coaxial cable is Insulation

called "coaxial"

because it includes Figure 2-3: Co-Axial Cable lllustration

one physical channel

(the copper core) that carries the signal surrounded (after a
layer of insulation) by another concentric physical channel (a
metallic foil or braid), and an outer cover or sheath, all running
along the same axis. The outer channel serves as a shield (or
ground). Many of these cables or pairs of coaxial tfubes can be
placed in a single conduit and, with repeaters, can carry
information for a great distance. In fact, this type of cable was
used for high bandwidth and v