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FOREWORD 

This  handbook was  created to  p rov ide ind i v iduals  respons ib le fo r  
managing and  imp lement ing Traff i c  Si gna l ,  and  Freeway  
Management p rograms  w ith  an  understanding of  the bas i c  
techno logi es  of  te lecommun icat ions .  The handbook prov ides  a  
bri ef  look at  the h is tory  of  te lecommuni cat ions  so  that  i t s  
readers  may gai n  an  understand ing of why var ious  p rocesses  
exis t ,  and  how the technologi es  evolved .  The handbook i s  not  
des i gned  to  be used as  a  specif i cat ion  for te lecommunicat i on  
systems .  

The techno logi es  associ ated w ith telecommunicat i ons  are in  a  
constant  s tate of  change .  This  handbook was writ ten over a  two  
year peri od  between August ,  2002 and June 2004 . During th i s  
t ime ,  a  number of  emergi ng  techno logi es  began to  reach maturity .  
The most  s i gn i f icant  of  these ,  w i re less  internet  access ,  and  vo i ce  
over IP  have caused the major carri ers  (te lephone companies)  to  
announce the construct i on  of  new faci l i t ies  to  prov ide “Internet  
Te lephony ”  serv i ces .  This  construct ion  i s  to  start  in  2004 . 

 

Welcome to the future ! 
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1. CHAPTER ONE - TELECOMMUNICATION 

BASICS 

Introduction 

The “Te lecommuni cat i ons  Handbook for Transportat ion  
Profess i ona ls ”  was  ori g i na l ly  pub l i shed in  1987  as  the  
“Communi cat i ons  Handbook for Traff i c  Contro l  Systems” .  The  
f i rs t  ( and on ly )  update was  in i t iated  in  1991 ,  and  publ i shed i n  
1993 . Given  the s ign if i cant  advances  in  the  techno logy  of  
te lecommuni cat ions ,  and  the complexi t ies  of  Traff ic  and ITS 
systems dep loyment  i ts  i s  necessary  to  create a  new ( rather than  
a  rev is ion)  handbook prov id ing a  broader v iew o f  
te lecommuni cat ions  technology  as  app l i ed  for t raffic  and  
transportat ion  purposes .  Thi s  handbook prov ides  a  broad  overv i ew  
of te lecommunicat ions  technology  and h i story .  

Purpose 

The “Te lecommuni cat i ons  Handbook for Transportat ion  
Profess i onals ”  i s  intended  to p rov ide an  in troduct ion  to  
te lecommuni cat ion  technology  and process  for t ransportat ion  
engineers  and project  managers  i nvo lved in  the des ign  and  
dep loyment  of  t raff i c  s i gna l  and freeway management systems .  
The handbook can be used as  a  resource that  p rov ides  an  overv i ew  
of the various  techni ca l  i s sues  associated w ith the p lann ing ,  
des i gn ,  operat i on ,  and  management of  a  communi cat i ons  system . It  
i s  intended to  p rov ide the user w ith  a  better understanding of  
app l i ed  communi cat ions  technology  and  the cons iderat ions  for use  
i n  freeway and surface s treet  networks .  

The intended aud ience i s  t ransportat i on  profess iona ls  who may b e  
invo lved w ith ,  or respons ib le  for any  phase in  the l i fe cycle of  a  
t raff ic  s igna l  or freeway  management contro l  network .  Thi s  
inc ludes  a l l  pub l ic  or p r ivate “p ract it i oners ”  ( e .g . ,  managers ,  
superv isors ,  engineers ,  p lanners ,  or techni c i ans)  invo l ved  w ith any  
issue or deci s ion  ( e .g . ,  p o l i cy ,  p rogram , fundi ng ,  or system 
implementat i on)  and who may  d i rect ly  or ind i rect ly  inf luence the  
performance  of  t raff i c  on  loca l  arteries  or freeway faci l i t i es .  
These act iv it i es  may inc lude ,  but  not  be l imited to ,  p lann ing and  
des i gn ,  operat iona l  st rategi es ,  p rograms ,  and serv i ces  that  
support  cont inuous  management  of  t ravel  and contro l  of  t raff i c ,  
and  the techno logy  i nfrastructure  to  p rov ide these capab i l i t i es .  
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Relationship to National Architecture 

Telecommuni cat ions  systems as  part  of  the Nat i ona l  ITS 
Arch itecture are the connect ing pathways  that  b ind  the  vari ous  
e lements  of  t raff ic  s i gnal ,  f reeway  management ,  and  
t ransportat ion  systems together.  The Nat i ona l  ITS Architecture  
“sausage d iagram” i nd i cates  how these  e lements  are bound  
together,  but  does  not  speci fy  the  telecommunicat i on  system .  The  
deve lopers  of  the  Nati ona l  ITS Archi tecture  understood  th at  
each te lecommuni cat ion  system wou ld  be un ique ly  des i gned to  
meet  the needs  of  each project .  

The s ign if i cant  d ivers ity  of  communicat i ons  techno logi es  and th e  
overa l l  comp lexity  of  t raff ic  s i gna l ,  freeway management ,  and  
t ransportat ion  systems have created a  need for t ra ff i c  and  
t ransportat ion  p rofess iona ls  to  imp lement  the Systems  
Engi neeri ng Process  (SEP) .  This  handbook prov ides  a  summary  
(Chapter 4)  of  how to app ly  an  SEP to  the deve lopment of  a  
te lecommuni cat ions  system ,  for t raff i c  s igna l  and  freeway  
management  systems development .  

Open System Interconnection Model (OSI) 

The OSI mode l  i s  an  Internat ional  Standards  Organi zat i on  (ISO)  
standard  that  defines  a  framework for imp lement i ng  
te lecommuni cat ion  and software p rotocol s .  The OSI model  i s  
organ i zed in to  seven h i era rcha l  l ayers .  Contro l  i s  passed from on e  
layer to  the next  start ing at  the app l icat i on  l ayer and proceedin g  
down to  each success ive layer and back as  requ i red for any  g iv en  
p rocess .  Most  of  the funct iona l i ty  of  the OSI mode l  ex is ts  in  a l l  
communicat i ons  systems -  however,  two or three l ayers  may b e  
combined  into one .  The most  s ign if i cant  ro le of  the OSI model  i s  
to  serve as  a  reference for  the development of  other p rotoco l  
stacks .  A detai l ed  exp lanat i on  of  the  OSI Model  i s  p ro v ided  i n  
the Addendum sect ion  of  thi s  handbook .  Tab le 1 -1 ,  p rov ides  a  l i s t  
of  the OSI Model  P rotocol  Stack .  
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Table 1-1: OSI Protocol Stack 

OSI Pro to co l  St a c k 

Layer  # Pro to co l  

7  Ap p l i ca t i o n  

6  P r ese n t at i o n  

5  Ses s i on  

4  Tr an s por t  

3  Ne tw or k  

2  D at a  L i n k  

1  P hy s i c a l  

Te lecommuni cat ions  hardware genera l ly  ut i l i zes  layers  one and  
two of  the p rotocol  stack .  Modems,  mu lt ip lexers ,  bridges ,  
routers ,  sw i tches ,  media  converters ,  codecs ,  etc .  are examp les  o f  
the types  of  dev i ces  that  exis t  at  the phys i ca l  and data l i n k  
layers  of  the p rotoco l  stack .  Al l  medi a  and most  of  the p rotoco l  
converters  are  cons idered as  layer one  i tems .  Som e 
communicat i on  hardware  dev ices  are  des igned to  operate at  
h igher l ayers .  A network router i s  often referred to  as  a  “ l ayer 3  
router”.  This  i s  one of  the few examp les  of  communicat i on  
hardware that  is  des igned to  funct ion  above  l ayer two .  Most  
communicat i on  systems are  not  des i gned us ing the OSI protoco l  
stack .  This  i s  because the hardware  vendors  have a l ready taken  
the OSI mode l  into  cons iderat ion  for the des ign  of  thei r  
p roducts .  The RS232 and RJ45 connectors  bu i lt  i nto  the 2070  
traff ic  contro l l er are  a l ready l ayer one comp l i ant .  Serv ing as  a  
p rotoco l  stack mode l ,  OSI  is  used as  the reference  for the  
deve lopment of  most  other communi cat i ons  p rotoco ls .  Th e  
Nat i ona l  Transportat ion  Contro l  Interface Protoco l  (NTCIP) 1 has  
a  specia l l y  developed protoco l  stack based on  the OSI mode l .  

                                                 
1 http://www.ntcip.org 
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Not i ce (f i gure 1-1 )  that  the  NTCIP protocol  stack i s  mode led on  
the OSI stack ,  and has  embedded telecommuni cat i on  s tandards .  
Communi cat i on  system des i gners  wou ld  s imp ly  u se  the  p re-def i ned  
te lecommuni cat ion  standards .  However,  developers  of  software  
contro l  systems must  be acute ly  aware  of  the NTCIP protoco l  
stack .  NTCIP and its  ro le i n  the development  of  a  communicat i on  
system is  exp la ined in  Chapter 3 .  

Telecommunications History 

The history  of  modern-day  communicat i ons  technology  can  be sa id  
to  have started when  Samue l  Morse i nvented the  w i rel i ne  
te legraph  in  1832 . However,  i t  was  Alexander Graham Be l l ’ s  
i nvent ion  of  the te lephone ,  i n  1874 ,  that  l ed  to  the deve lopment  
of  our p resent  day  communi cat ions  techno logy .  Morse had s imp ly  
created a  way  for humans  to  extend thei r abi l i ty  to  t ransf er 
informat i on  –  i nstant ly  –  over great  d istances .  Bel l  gave us  the  
abi l i ty  to  have the most  in t imate  form of  communi cat i on  over  
d istances  –  the use of  our vo ices .  

The concept  of  the telephone i nstrument –  and the system th at  
a l lows  i t  to  work –  was  so  strong that  most  communicat i on  

F igure  1 -1 :  D iagram -  NTCIP  Standards  Fra mew ork  
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techno logy  during the past  125 years  was  developed to  support  a n  
eff ic i ent  vo i ce communi cat ion  network .  It  wasn ’t  unt i l  2004 that  
major te lecommuni cat i on  carri ers  announced the need to  deve lop ,  
and support ,  a  network des igned for the purpose of  transport i n g  
d ig i ta l  data .  

The w i re less  telegraph ( now referred  to  as  rad i o)  was  invented  by  
Gu i l l ermo Marcon i  i n  1896 2.  When w i reless  communi cat ion  was  
f ina l ly  ab le to  be used for  vo ice t ransmiss ion ,  i t  emu lated th e  
te lephone system . 

From 1874 to 1980 ,  communicat i on  networks  around the world  
were constructed to  faci l i tate the eff i c ient  and economica l  
t ransmiss ion  of  vo i ce conversat ions .  Mu lt ip lex ing and  d ig i ta l  
t ransmiss ion  systems  were  deve loped  to  “cram” more  vo ice  
conversat ions  into  the ex ist ing copper w i re communicat i on  
faci l i t i es .  

The Internet ,  f i rst  developed in  1973 as  a  p roject  for  the U .S .  
Department  of  Defense Advanced Research Projects  Agency  
(ARPA) ,  i n i t i ated a  p rofound  change  in  the  future  development of  
communicat i ons  networks  and techno logi es .  Ori g ina l ly  ca l l ed  th e  
Arpanet  –  l i nki ng  severa l  Uni vers it i es  and research laboratori es  –  
i t  evo lved i nto the world  w ide web (WWW) . During this  peri od ,  
there were  a  number of s ign i f icant  technology  advances  and  
government enforced corporate reorgan i zat ions  that  he lped to  
change the d i rect ion  of  communi cat ions  systems development :  

1 .  Comput i ng and communi cat ions  techno logi es  were p rov ided  a  
b ig boost  by  the invent ion  of  the in tegrated c i rcu it  ( IC)  in  
1959 . The IC permi tted deve lopment  and manufacture  of  
sma l ler  and more automated communicat i on  dev i ces  at  a  very  
low  cost .  

2 .  The Carterphone Decis ion ,  by  the U .S .  Supreme Court ,  i n  
1968,  made  i t  poss ib le  for the  connect i on  of  non-te lephon e  
company owned dev i ces  (unt i l  th is  po i nt ,  on ly  dev i ces  owned  
and operated by  the telephone companies  were  permitted) .  

3 .  In the  1970s ,  f iber strands  were  f i rst  used as  a  
communicat i on  medi um . 

4 .  In 1983 ,  the U .S .  Supreme Court  mandated reorgan i zat i on  
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 i nvent i ons  coup led  w ith increas i ng  bus i ness  and consumer  
demand for computer and data communi cat ion  serv i ces  forced a  
change i n  the nature  of  the deve lopment  of  communicat i ons  
networks .  By  1995 ,  most  ins ta l l at i on  of  communicat i ons  networks  
was  devoted to  the  eff i c i ent  t ransmiss i on  of  data  generated b y  
computers .  However,  these networks  were  s t i l l  based  on  a  vo i ce  

communicat i on  des i gn .  

The development  and i ntroduct i on  of  broadband data  
communicat i ons  standards ( IEEE 802 Seri es 3)  he lped to  create a  
demand for  communi cat ions  networks  des igned to  support  dat a  
communicat i ons .  

By  2003,  w i re less  (ce l lu l ar telephone)  networks  were ava i lab le t o  
a lmost  every  locat i on  of  the United States  ( remote w i lderness  
areas  st i l l  lack coverage) .  Accord i ng to  the  Cel lu l a r  
Te lecommuni cat ions  &  Internet  Associ at i on  (CTIA) ,  there were  
more than 148 mi l l i on  w i re less  subscribers ,  and 92% were us i ng  
d ig i ta l  serv i ce .  

A t imel i ne of  the support  for t rad it i onal  vo i ce t ransmiss io n  
serv i ces  versus  data t ransmiss ion  serv i ces  might  appear as  
fo l l ows:  

By  2003 ,  63% of Ameri cans  use the in ternet ,  and  31% of home 
users  have broadband access 4.  In  early  2004,  Veri zon ,  announced  
a major upgrade of  i ts  bas i c  telephone network to  support  
“Internet  Telephony ”  or Vo ice over Internet  Protocol  (VoIP) 5.  
Southern Bel l  Corporat ion  (SBC)  a lso  announced s imi l ar upgrades  
for i ts  networks .  

Handbook Organization 

The Te lecommuni cat i ons  Handbook for Transportat io n  
Profess i onals  i s  o rgan i zed to  prov ide the reader w ith a  logi ca l  
f l ow  of i nformat ion w ith a  descript ion  of  vari ous  communicat i on  
                                                 
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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F igure  1 -2 :  Te lecommunica t ion  Time l ine  
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terms and techno logi es  that  are common ly  used (or cons idered )  
for the dep loyment of  Freeway Management and Traff i c  Si gna l  
systems .  Techni ca l  descri pt ions  are kept  at  a  min imum 
engineering l eve l  to  p rov ide non-communi cat i on  p rofess i ona ls  w ith  
a  bas i c  understanding of  the techno logi es .  

Chapter Two –  Telecommuni cat ions  Fundamentals .  Communicat i on  
techno logy  i s  p rov ided i n  a  “bas i c  to  complex”  order.  The  chapter  
starts  w ith copper based transmiss i on  medi a  and s teps  the reader  
through a  p rogress ion  of  termino logy  that  i nc ludes :  f i ber opt i cs ,  
w i re less ,  v ideo mu lt ip lex ing and Ethernet  systems .  

Chapter Three –  Te lecommuni cat ions  & The Nat iona l  Archi tecture .  
The chapter i s  a  general  l ook  at  the re lat ionship  of  
te lecommuni cat ions  systems des i gn  and the Nat iona l  IT S 
Arch itecture and NTCIP .  The reader w i l l  be made aware of th e  
fact  that  NTCIP i s  not  a  standard ,  but  a  p rotoco l  that  defines  
the re lat i onship  of  the  many current  ( and  deve lop ing )  
communicat i ons  standards  for use in  a  t raff i c  s igna l ,  f reeway  
management ,  or t ransportat ion  system . 

Chapter Four –  Develop ing the Telecommunicat i on  System . Thi s  
chapter p rov ides  the reader w ith a  system engineeri ng  approach  
to  the des ign  of  a  communicat ions  system that  supports  t raff i c  
and t ransportat ion  requ i rements .  The chapter p rov ides  a  step-by-
step  p rocess  that  shou ld  resu lt  in  a  communicat i on  system  
requ i rements  ana lys is  and  prel iminary  des ign .  The primary  ax io m  
that  drives  the des i gn  of  a  communicat i ons  system is  -  “there  are  
no abso lutes ! ”  For most  communi cat ion  systems there  are usua l l y  
severa l  ways  to  achi eve  the des i red resu lt s .  A  qua l i f i ed  
communicat i ons  system des i gner w i l l  genera l ly  p resent  severa l  
d ifferent  approaches  and ask the  p roject  manager to  make  a  
decis ion .  

Chapter F ive -  Communi cat i ons  for F i e ld  Dev i ces .  The chapter  
p rov ides  an  in-depth l ook at  bas i c  system confi gurat i ons  for f i e ld  
dev i ces  used in  t raff ic  s i gnal  and freeway management  systems .  
Each  f i e ld  dev i ce has  a  speci f ic  set  of  communicat i ons  
requ i rements .  

Chapter Six  –  Communi cat ion  System Maintenance .  Maintenance of  
a  te lecommuni cat ion  system is  essent i a l .  Operators  of  thes e  
systems must  p rov ide for the care  and  feeding of  the networks  
that  connect  a l l  f ie ld  dev ices  and operat iona l  centers .  Th e  
chapter d iscusses  the need to  create a  budget  for maintenance ,  
the re lat ionship  of  manufacturer warrantees  to  maintenance ,  an d  
techni c ian  qual i f icat i ons .  
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Chapter Seven –  System Examp les .  This  chapter p resents  a  loo k 
at  “ rea l-world ”  systems  dep loyed by  departments  o f  
t ransportat ion .  Two systems  are described to  show how  s imi la r  
p roblems use d i fferent  approaches  to  a  so lut i on .  

Chapter E ight  –  Insta l lat i on  and Test i ng .  A major cost  e lement  i n  
the dep loyment  of  a  communi cat ions  system is  ins ta l l at i on  
(construct i on) .  Very  often ,  p ro ject  managers  assume that  p roper  
insta l lat ion  p rocedures  are  bei ng used by  contractors .  Thi s  
chapter p rov ides  gu ide l ines  for p roper hand l ing and  ins ta l l at i on  
of  communi cat ions  medi a .  Wire l ine and w i re less  medi a  are  
d iscussed .  

Chapter Nine -  The Internet .  F i rst  conceived  and imp lemented  
nearly  th i rty  years  ago ,  has  had  a  p rofound effect  on  the way  
ind iv iduals ,  p r ivate compani es  and pub l i c  organ izat i ons  
communicate on  a  day-to-day  bas is .  The chapter i n  th is  document  
w i l l  p rov ide the reader w ith a  bas i c  understand i ng  of  th e  
compos i t ion  of  the Internet ,  the World  Wide Web (WWW), how i t  
works ,  and  how i t  can  be  used  as  part  of  an  overa l l  
communicat i ons  and operat iona l  st rategy  for Traffi c  Si gna l ,  FMS ,  
and ITS systems .  

Chapter Ten -  The Future .  An attempt to  p rov ide some ins ight  o n  
the genera l  future  of  communicat i ons  systems and  the  poss ib le  
imp l i cat ions  for the dep loyment  of  te lecommuni cat ions  systems t o  
support  Freeway  Management  and Traffi c  Signa l  systems .  

Appendix  A –  Contains  addit i ona l  i nformat i on  that  readers  of thi s  
handbook can  use for i nvest igat ion  of  addit i onal  resources .  Th e  
fo l l ow ing i tems are  inc luded i n  th is  appendix :  

•  List  of  IEEE 802 standards and work ing groups  

•  Compari son  of  ana log vo i ce and vo i ce-over-IP  (VoIP)  

•  How to  ca lcu late  a  f iber opt i c  l oss  budget  

•  A discuss i on  of  rura l  te lecommuni cat ions  requ i rements  

Glossary  –  Defi n i t ions  –  w i l l  p rov ide a  l i st ing of  a l l  termino logy  
used i n  th is  handbook .  
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2. CHAPTER TWO – FUNDAMENTALS OF 

TELECOMMUNICATIONS 

Introduction 

Transmitter,  recei ver,  t ransmiss ion  medium -  these are  the  bas i c  
e lements  that  make up  a  communicat i on  system . Every  human  
bei ng  i s  equ ipped w ith a  bas ic  communi cat i on  system . The mout h  
(and  vocal  cords)  i s  the  t ransmitter,  ears  are  the receivers ,  and  
a i r i s  the t ransmiss ion  medi um over which sound t ravel s  between  
mouth and ear .  The t ransmitter and recei ver e lements  of  a  dat a  
modem (such as  the type  used in  a  t raff i c  s igna l  system 
contro l l er box)  may not  be  read i ly  v is i b le .  However,  l ook at  a  
schemat ic  of  i ts  components ,  and you  w i l l  see e lements  l abe led  as  
“XMTR”  and “RCVR” .  The  modem’s  t ransmiss ion  medi um i s  typ ica l l y  
copper w i re ,  f iber,  or rad io .  

Almost  a l l  communi cat i ons  networks  have as  thei r bas is  the same 
set  of  Telephony (Te lepho–Ny)  standards  and pract i ces .  “Ma Bel l ”  
( the Bel l  Telephone  System and  
American  Te lephone  &  
Te legraph,  and others)  spent  
years  and b i l l i ons  of  do l l ars  
creat i ng ,  perfect ing and  
maintai n ing  a  
te lecommuni cat ions  network 
dedi cated to  p rov id ing  the  
most  re l i ab le vo ice 
communicat i on  serv i ce in  the  
world .  Al l  other communicat ion  
techno logy  and process  evo lved based on  that  commun icat ions  
network .  Engi neers  and  sci ent ists  invo lved in  the deve lopment  of  
new communi cat ion  technologi es  and processes  had to  make  
certai n  that  thei r  “p roduct ”  cou ld  be  used w ithin  the  exis t ing  
te lephone networks .  And,  the te lephone company  requ i red  
backward compat ib i l i ty .  Telephones  manufactured in  1950 st i l l  
work i n  today ’s  network .  Modems manufactured in  1980 st i l l  work  
in  the current  system . 

As  you  read through this  chapter,  and the rest  of  the handbook,  
p lease keep  in  mind  that  te lecommuni cat ion  standards ,  p ract ices ,  
and  p rotoco ls  were developed for the communi cat ion  industry .  Al l  

Some communication transmission 

protocols were developed to work 

independently of the Telephone System. 
Ethernet, for example was created to 

facilitate data communication within a 

closed system that was contained within 

an office building. The Internet was 
created as a closed communication 

network. 
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of these systems  must  be  adapted for use in  a  t raff i c  s igna l  o r  
freeway management system .  

Today ,  i n  North Ameri ca ,  Mexico ,  most  of  Europe and the Pacif i c  
R im ,  vo ice  serv ices  are  i n  fact  sent  as  d i g i ta l  s i gnals  and  
converted to  analog just  before  leav ing ( and arr iv i ng  at)  th e  
serv ing centra l  off i ce ,  at  the end-user po ints .  The reader might  
ask:  “If  vo i ce is  converted  to  d ig i ta l  i sn ’ t  that  the same as  
data?”  The  answer i s  no  -  “d i g i ta l  t ransmiss ion ”  does  not  
automat i ca l l y  infer data communicat i ons  compat ib i l i ty .  Analo g  
t ransmiss ion  systems  can ,  and do ,  carry  data .  In  
te lecommuni cat ions ,  d ig i ta l  and  analog are  d is t inct  forms of  
communicat i on  t ransmiss i on .  This  chapter p rov ides  i nformat ion  
about  the bas i cs  of  telecommuni cat ions  -  the t ransmiss i on  medi a  
and t ransmiss ion  systems,  as  we l l  as  an  exp lanat i on  of th e  
d ifferences  between ana log and d ig i ta l  t ransmiss ion .  Transmiss ion  
medi a are  those e lements  that  p rov ide  communi cat ion  systems  
w ith a  path on  whi ch to  t rave l .  Transmi ss ion  systems are thos e  
e lements  (hardware  and software)  that  p rov ide management of  
the communi cat i on  p rocess  and  
the use of  the t ransmi ss ion  path .  

The telecommunicat i ons  world  
wou ld  be very  s imp le i f  the  
d ist inct ion  between t ransmi ss ion  
medi a  and systems (p rotocol s )  
were eas i ly  def i ned .  Often ,  a  
specif i c  t ransmi ss ion  system w i l l  
on ly  work w ithi n  a  specif i c  
medium . Spread Spectrum Radi o  
i s  one examp le .  Rad io  (RF)  i s  the  
t ransmiss ion  medi um ,  and spread  
spectrum is  the t ransmiss i on  system (protocol ) .  Although  i t  i s  
poss ib le to  create a  spread spectrum communi cat ions  s igna l  over  
w i re l ine ,  the p rocess  is  not  typ i ca l ly  used because there  are  
other more  eff i c i ent  methods  of  t ransmiss ion s igna l ing .  
Therefore ,  spread  spectrum transmi ss ion  s i gna l ing i s  a lmost  
a lways  associ ated w ith RF .  There i s  a lways  a  po int  at  which th e  
Spread Spectrum Radio  system must  interface w ith  another  
t ransmiss ion  medi um ,  and/or system . This  i s  accompl i shed b y  
convert ing from RF to a  w i rel ine s igna l ing p rotocol .  Th e  
te lecommuni cat ions  p rocess  can  be v i ewed as  an  exce l lent  examp l e  
of mu lt i -moda l i sm . 

For  p u r p ose s  o f  t h i s  d i s c u s s i o n ,  

v o i ce  i s  a n y  t r an sm i s s i o n  t ha t  

ca n  be  sw i tc h ed  thr o ug h  t he  

C ar r i e r  n e tw o r k s  i n  a n  a n a lo g  

f o r ma t .  T h i s  i n c l ude s  d at a  

t r a n s m i t te d  w i t h i n  a  v o i ce  

c han n e l  us i n g  a  m ode m .  Da t a  i s  

an y  d i g i t a l  t r an sm i s s i o n  t ha t  

ca n n o t  be  sw i t c he d  t hr o u g h  t he  

C ar r i e r  n e tw o r k s .  
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The chapter i s  d i v ided into sect ions  that  cover 

•  Transmiss i on  Media 

•  Transmiss i on  S igna l ing 

•  Bas ic Telephone  Serv ice 

•  Mult ip lex i ng 

•  High Capaci ty  and Broadband  Transmiss i on  

Sub-top i cs  in  the sect i ons  look at :  

•  Media Cons iderat i on  Factors  (why use one over another)  

•  Differences  between vo i ce and data s igna l i ng 

•  Video Transmiss ion  (CODECS & Compress i on)  

•  T-1  Communi cat i on  

•  SONET, WDM & Ethernet  

•  Wire less  

Transmission Media 

Transmiss i on  medi a  are  the  highways  and  arteri es  that  p rov ide  a  
path for te lecommuni cat ions  dev i ces .  There  i s  a  genera l  tendency  
to  say  that  one t ransmiss ion  medium i s  better than another.  In  
fact ,  each t ransmiss i on  med ium 
has  i t s  p lace in  the des i gn  of  
any  communi cat i on  system .  Each  
has  characterist i cs  whi ch w i l l  
make i t  the idea l  medium to use  
based  on  a  part i cu lar set  of  
c i rcumstances .  It  i s  import ant  
to  recogn i ze the advantages  of  each and deve lop  a  system 
accord ingly .  

Transmiss i on  eff i c i ency  i s  genera l l y  v i ewed as  the amount  of  
s igna l  degradat i on  created by  the use of  a  part i cu lar t ransmiss i on  
medium . The  transmi ss ion  medium presents  a  “barrier ”  to  th e  
communicat i on  s i gnal .  The “barri er”  can  be measured by  many  
d ifferent factors .  However,  one common quest i on i s  asked about  
a l l  communi cat i on  medi a .  How far w i l l  the communi cat i on  s igna l  
energy  travel  before  i t  becomes too  weak (or d is torted)  to  b e  
cons idered unsab le? There  i s  equ ipment  avai l ab le to  extend th e  
d istance for t ransmitt ing a  s igna l ,  but  that  adds  to  the  overa l l  
cost  and complexi ty  of  dep loyment .  

Factors  to  cons ider  when 

choos ing  transmiss ion  media 

inc lude :  cost ,  ease  of  insta l l at ion  

and  maintenance,  ava i lab i l i ty ,  and 

most  important ,  eff ic iency  of 
transmiss ion .  
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MEDIA CONSIDERATION FACTORS 

Ease of  in sta l lat ion  of  the  communi cat ion  medi um is  relat ive ly  
s imp le to  define .  Genera l ly ,  a l l  communi cat ion  media requ i re care  
when being insta l l ed .  The insta l l at i on  shou ld  be accompl i shed by  
t ra ined and knowledgeable  techni c i ans  and managers .  F o r 
purposes  of  th is  d i scuss ion ,  cons ider the re lat ive degree o f  
d iff i cu lty  for the p lacement  of  the t ransmiss i on  medium . Cables  
(f iber or copper)  requ i re  a  support ing i nfrastructure ,  as  does  
rad io  or infra red .  Cons ider the fo l low ing:  

If  you  are p lann ing to  use f iber opt i c  (or copper cab le)  and th e  
system p lan  ca l ls  for cross i ng the De laware River,  there w i l l  be  
s ign i f i cant  insta l l at i on  (construct ion)  cha l lenges .  The  
construct i on  may requ i re  a  bore under the river,  or f ind ing  a  
su itable bridge .  E ither of  these methods may add s i gn i f i cant ly  to  
your budget .  Wire less  might seem l i ke  a  good opt ion .  I t  
e l iminates  the need to  f i nd  a  su itab le cross ing locat i on  for your  
cab le .  However,  you  w i l l  need to  p lace the antenna at  suffi c i ent  
hei ght to c lear t rees  bu i ld ings  and other objects ,  and  account fo r 
terrai n  d ifferences  on  both  s ides  of  the r iver .  Loca l  res idents  of  
the nearby Yacht  C lub condomin iums may comp la i n  about  the rad i o  
tower spoi l i ng thei r  v i ew of the  sunset .  Don ’ t  forget  to  add in  the  
cost  of  h i r ing a  graphi c art is t  to  create a  draw ing that  shows how  
love ly  the rays  of  the sett ing sun  are when ref lected  off the  
rad io  tower.  

Some products  may be more  
read i ly  ava i l able than others .  
For examp le ,  the most  
common type of  f iber cab le  
avai l ab le i s  outs ide p l ant  
w ith armor shi e ld i ng ,  96  
strands of  s ingle mode f iber  
arrayed i n  loose buffer tubes ,  on  15 ,000  foot  ree ls .  Make certa i n  
that  you  a l l ow  enough  t ime for p roduct  to  be manufactured ,  
especia l l y  i f  a  specia l  cable or hardware  conf i gurat ion  i s  
requ i red .  Avai lab i l i ty  of  p roduct  due to  manufacturi ng delays  w i l l  
impact on overa l l  p roject  schedu le and may impact on  overa l l  
p ro ject  costs .  

Cab les  that  contain  combinat ions  of  d ifferent  types  of f iber  
strands  such as  s ing le mode and mu lt imode f ibers ,  or mixtures  of  
copper and  f iber,  or odd  (d ifferent  from standard  put-ups )  

“Put -ups”  –  the  term cable  

manufacturers  use  to  descr ibe  the  

conf igurat ion  of  a  cable .  The  

express ion  i s  often  used in  the  

fo l low ing  manner :  “The cable  i s  
ava i lab le  in  5000 foot  “put -ups ” .  
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numbers  of  f iber strands  w i l l  requ i re  more  t ime to  p ro duce and  
cou ld  add severa l  months  to  the del i very  cyc le .  

F iber,  copper,  rad io ,  i nfra red a l l  have d ifferent  transmiss ion  
characteris t ics .  F iber i s  cons idered to  have the best  overa l l  
characteris t ics  for t ransmiss ion  eff i c iency .  That  i s ,  the  
effect ive loss  of  s igna l  st rength over d istance .  Cab le i s  rated by  
the manufacturer for s igna l  l oss .  S igna l  loss  factors  are s tated i n  
terms of  dB per 1000 meters .  Typ i ca l  s ing le mode f iber may hav e  
a  s i gna l  attenuat ion  factor of  between  0 .25  dB/km and 0 .5 dB/km .  
The cable manufacturer w i l l  p rov ide a  speci f i cat i on  descript io n  
for each product  they  offer .  In  theory ,  you  can  send a s i gna l  
further on  f iber than v ia  most  other t ransmiss ion  media .  

However,  cons ider that  rad io  s igna ls  at  very  l ow  frequenci es  
(be low  500  ki lohertz)  can  t rave l  for thousands  of  mi les .  This  type  
of  rad io  s i gnal  can  be used  to  carry  data ,  but  very  impract ica l  fo r  
use in  t raff i c  s i gnal  and freeway management  systems .  VLF rad i o  
s igna ls  are  on ly  capab le of  eff ic i ent ly  carry ing data at  very  l ow  
bit  rates .  This  type of  system was  used by  the Associ ated Press  
organ i zat i on  to  t ransmit  news art i c les  between Europe and North  
America ,  and  i s  a lso  used by  the Mi l i tary  for very  l ong d istance  
data communi cat ions .  

Mai ntenance and  operat iona l  costs  are  two  other factors  that  
shou ld  be cons idered when compari ng t ransmiss i on  medi a  for any  
g iven app l i cat ion .  F iber opt i c  cable can  be ins ta l led  in  condu it  s ix  
feet  below grade,  and never touched for decades .  Maintenance o f  
the f iber cab le i s  min ima l .  M icrowave systems may be constructed  
in  l ess  t ime and at  a  l ower cost  than f iber cab le p laced i n  
condu it ,  but  the tower s ites  requ i re  s ign if i cant ly  more  
maintenance ,  i nc lud i ng  re-paint i ng  the tower,  and  annua l  
i nspect i ons  for rust .  

In  summary ,  t ake a l l  of  the attributes  of  the potent i a l  med i a  
that  cou ld  be used for a  specif i c  app l i cat ion  and determine whi ch  
w i l l  p rov ide the most  “bang for the buck” .  This  does  not  a lway s  
mean most  bandwidth ,  h ighest  t ransmiss i on  speed ,  eas iest  to  
insta l l ,  o r  l owest  cost  -  a l l  factors  that  may i nf luence your choi ce  
of  t ransmiss ion  media .  The  best  medi a  are  the ones  that  w i l l  
support  as  many of  the system requ i rements  as  poss ib le and help  
to  assure  sat isfact i on  w ith overa l l  performance .  
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WIRELINE MEDIA 

We begin  w ith bas i c  informat ion  about  the most  common types  o f  
t ransmiss ion  medi a used today :  

•  Copper Wire  

•  Fiber Opt i cs  

•  Radi o  Frequency  (Wire less)  

•  Free Space  Opt i cs  

Many engi neers  w i l l  argue that  one t ransmiss i on  medium is  the  
best ,  or better than some of the others .  The reader shou ld  keep  
in  mind  that  each medium has  advantages  and d isadvantages .  
Which medium is  best  depends  upon the purpose  of  the  
communicat i ons  system and the des i red end resu lts .  In  fact ,  most  
systems are  a  hybrid .  That  i s ,  two or more  medi a are  combined t o  
effect  the most  eff i c i ent  communi cat ion  network i nfrastructure .  
There  are many t raff i c  s i gna l  systems that  combine a  tw isted  
copper pai r  infrastructure w ith w i reless  l i nks  to  serve  part  o f  
the system . The decis ion  to  create th is  type of  system may have  
been based on economics ,  but  that i s  certa in ly  one of  the reasons  
to  choose one medi um over another,  or to  combine the use of  
severa l .  

Copper Media 

The e lectri ca l  p ropert ies  of  copper w i re create  res i stance and  
interference .  The further communicat i on  s i gnal s  t ravel  the more  
they are weakened by  the e lectri ca l  p ropert ies  associ ated w it h  
the copper cable .  E lectri ca l ,  res istance w ithin  the copper medium 
s lows  down the s i gna l  or f l ow  of  current .  The  e lectri c a l  
p ropert i es  of  copper w i re  are the key  factors  that  l imi t  
communicat i on  t ransmiss ion  speed ,  and d istance .  However,  i t  was  
those same propert i es  together w ith cost ,  ease of  manufacture ,  
abi l i ty  to  be drawn  into very  thi n  s trands ,  and  others  that  mad e  
copper a  l og i ca l  choi ce for i ts  se lect ion  as  a  communicat i on  
t ransmiss ion  medium ,  and a  conductor of  e lectri c i ty .  Aluminum 
and go ld  are  a l so  used for communicat i on  purposes ,  but  go ld  ( th e  
most  eff i c i ent)  i s  too expens ive to  use for thi s  purpose and  
a luminum is  not  an  eff i c ient  conductor for communicat i on  
purposes .  

There are two primary  types  of  cab les  contai n ing copper w i re  
used for communicat i on :  
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•  Twisted Pai r  

•  Coaxia l  

Twisted Pa ir 

Communi cat i on  s i gna ls  sent  over copper w i re are p rimari l y  d i rect  
e lectri ca l  current  (DC)  which i s  modu lated to  represent  a  
frequency .  Any other e lectr ica l  current  near the communicat i on  
w i re ( inc lud ing other communi cat ion  s igna ls )  can  in troduce  
interference and  no ise .  Mu lt ip le  communi cat ion  w i res  w ithin  a  
cab le bund le can  i nduce i nterfering e lectro-magnet i c  currents ,  or  
“cross-ta lk” .  Thi s  happens  when one s i gna l  w ithin  the cab le i s  so  
strong that  i t  i nt roduces  a  magnet i c  f i e ld  into  an  ad jacent  w i re ,  
or communi cat ion  pa i r .  Energy  sources  such as  power t ransmiss io n  
l i nes ,  o r f luorescent  l i ght i ng f ixtures  can  cause  e lectromagnet i c  
i nterference .  This  i nterference can be min imized by  tw ist ing a  
pa i r  of  w i res  around a  common axi s ,  or by  the  use of  meta l l i c  
sh i e ld i ng ,  or both .  The tw is t ing effect ively  creates  a  magnet i c  
shi e ld  that  helps  to  min imize  “crossta lk” .  

Twisted pai r  i s  the ord i nary  copper w i re  that  prov ides  bas i c  
te lephone serv i ces  to  the home and many  bus i nesses .  In  fact ,  i t  i s  
referred to  as  “P l a in  O ld  Te lephone Serv i ce”  (POTS) .  The  tw isted  
pai r  i s  composed of two insu lated copper w i res  tw isted around on e  
another.  The tw ist ing is  done to  p revent  oppos i ng e lectrica l  
currents  t ravel ing a long the ind iv idua l  w i res  from interferin g  
w ith each other.  

Twisted copper pai r ,  i s  what  Alexander Be l l  used  to  make th e  
f i rs t  telephone system work and i s  genera l ly  the most  commo n  

transmiss ion  medium used today .  
A broad genera l i zat ion  i s  that  
tw isted copper pai r  i s  in  fact  
the bas is  for  a l l  
te lecommuni cat ion  techno logy  
and serv i ces  today .  Ethernet  –  
ori g ina l ly  deve loped to  work over  
coaxi a l  cable -   i s  now a  
standard  based on  twisted  pai r .  
By  comparison ,  a  bas i c  vo ice  
te lephone conversat i on uses  one  
( 1 )  tw isted pai r ,  where as  an  
Ethernet  sess i on  uses  at  l east  
two (2)  tw is ted pai r  (more about  

F igure  2 -1 :  RJ -45  Connector 



Telecommunications Handbook for Transportation Professionals 

 

Chapter 2 

30

Ethernet  l ater in  th is  chapter) .  

Each connect i on  on  tw is ted pai r  requ i res  both w i res .  S ince som e 
te lephone sets  or desktop  locat ions  requ i re  mu lt ip le  connect ions ,  
tw isted pai r i s  somet imes  insta l led  in  two or more pai rs ,  a l l  
w ithin  a  s i ng le cab le .  For some bus iness  l ocat ions ,  tw is ted pai r i s  
enc losed in  a  shie ld  that  funct i ons  as  a  ground .  This  i s  known as  
sh i e lded tw is ted pai r (STP) .  Ordinary  w i re to  the  home i s  
unshie lded tw isted pai r  (UTP) .   Twisted pai r i s  now frequent ly  
insta l led  w ith two pai rs  to  the home,  w ith the extra  pai r  maki ng  
i t  poss ib le  to  add another l i ne -  perhaps  for modem use .  

Twisted pai r  comes w ith  
each pai r  un iquely  co lor  
coded  when  i t  i s  packaged  
in  mu lt ip le  pa i rs .  
D ifferent  uses  such as  
analog,  d i g i ta l ,  and  
Ethernet  requ i re  
d ifferent  pa i r  mu lt ip les .  There  i s  an  EIA/TIA standard  for co lo r  
cod i ng of  w i res ,  w i re pa i rs ,  and  w i re bund les .  The co lor cod i n g  
a l lows  techn i c i ans  to  i nsta l l  system w i r ing in  a  s tandard  manner.  
A bas i c  s ing le telephone l i ne  in  a  home w i l l  use the red and green  
w i re .  If  a  second phone l i ne i s  p rov ided ,  i t  w i l l  use the yel l ow  and  
b lack w i re .  The most  common  
cause of  telecommuni cat ion  
system problems is  incorrect  
w i ring .  Thi s  w i ri ng p rotoco l  i s  
for standard te lephone set  
jack connect i ons .  Data systems 
use d i fferent  arrangements  
and co lor codes .  The most  common is  the EIA/TIA standard .  
P lease  note that  NEMA and ICEA have  co lor codes  for e lectri c a l  
w i re .  Do not  confuse these  w ith  te lecommuni cat ion  w ire co lo r  
cod i ng standards .  

Twisted pai r  i s  categori zed by  the  
number of  tw ists  per meter.  A greater  
number of  twists  p rov ides  more  
protect i on  agai nst  crossta lk ,  and  other  
forms of  interference and resu lts  in  a  
better qua l i ty  of  t ransmi ss i on .  For data  
t ransmiss ion ,  better qua l i ty  equates  to  

fewer t ransmiss ion  errors .  Later i n  th is  chapter,  we ’ l l  look at  th e  

Cat  3  cab le  i s  cons idered to  be 

the  standard  for  bas ic  te lephone  

and  Ethernet  serv ices .  However ,  

CAT 5  i s  be ing  deployed as  a 

rep lacement and  in  a l l  new 

insta l lat ions .  

EIA/TIA prov ides  a  co lor  code  and w ir ing 

standard  for  RJ-45 Connectors .  The  

standard  is  EIA/TIA 568A/568B. These  

standards  ut i l i ze  4  tw isted  pa ir ,  because  
the  RJ-45 connector  has  8 terminals .  

Figure  2 -2 :  Tw is ted  Pa i r  Cab le  
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effects  of  t ransmiss ion  errors  as  they  impact  on  throughput  and  
de lay  t imes .  

There  are  two types  of  tw isted pai r  cab les  used for most  i n-
bu i ld i ng  s ituat i ons  today  -  Category  3 UTP (CAT 3)  and Category  
5 UTP (CAT 5) .  However,  as  of  the wri t ing of  this  handbook,  a l l  
new and rep lacement insta l l at ions  use CAT 5 .  These cables  have  
been deve loped  based on  a  set  of  standards  i ssued  by  the  
EIA/TIA (E lectron i c  Industry  Associat i on/Te lecommun icat ions  
Industry  Associat i on) .  CAT 3 i s  used primari ly  for telephone  
cab l ing and  10Base-T  insta l l at ions ,  whi le  CAT 5 i s  used  to  support  
10/100Base-T i nsta l l at ions .  CAT 5 w i r ing can  a lso  be  used fo r  
te lephone systems .  Therefore ,  most  new insta l lat i ons  use CAT 5  
instead of  CAT 3 .  The CAT 5  cab le i s  pu l l ed  to  a  cubi c le  or off i ce  
and  connected  to  a  un iversa l  wa l l  p l ate that  a l l ows  for  
insta l lat ion  of  data and vo i ce  communi cat ion  systems .  Category  5E  
(CAT 5E)  has  been deve loped to  accommodate Gi gE i nsta l l at ions .  
CAT 5E  i s  manufactured and  tested  under str icter gu ide l i nes  than  
CAT 3  or CAT 5 .  Two new s tandards  –  CAT 6 and  CAT 7 -  hav e  
been  adopted  to  meet  cr iteri a  for 10GigE ( and  hi gher)  
t ransmiss ion  speeds .  

Tab le  2 -1 :  Tw is ted -Pa i r  Communica t ion  Ca b le  Ca tegory Ra t ings  

Category Maximum Data Rate Usual  App l icat ion 

CAT 1  Less  than  1  Mbps 
Ana log  Vo ice  (POTS) ,  Bas ic  

Rate  ISDN,  Doorbe l l  w ir ing  

CAT 2 4  Mbps  
Pr imar i ly  used  for  Token  R ing 

Networks  

CAT 3 16  Mbps  

Vo ice  and Data ,  and 10Base-T  

Ethernet .  Bas ic  te lephone 

serv ice  

CAT 4 20 Mbps  Used for  16 Mbps  Token  R ing  

CAT 5 
100 Mbps  up to  1  

Gbps  

10Base -T,  100Base -T (fast  

Ethernet) ,  GigE ,  FDDI,  155 

Mbps  ATM 

Cat  5E  100 Mbps  FDDI,  ATM 
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CAT 6 
Greater  than  100 

Mbps  

Broadband Appl icat ions  

CAT 7 Emerg ing  Standard  GigE  p lus  

 

Coaxial Cable 

Coaxia l  cab le i s  a  p rimary  type of  copper cab le used by  cab le T V 
companies  for s i gna l  d istr ibut ion  between the community  antenna  
and user homes and bus i nesses .  It  was  once the p rimary  mediu m 
for Ethernet  and  
other types  of  l oca l  
area networks .  With  
the deve lopment of  
standards  for  
Ethernet  over  
tw isted-pai r ,  new  
insta l lat ions  of  
coaxi a l  cab le for  
th is  purpose have  
a l l  but  d isappeared .  

Coaxia l  cable i s  
ca l led  "coaxi a l "  
because i t  i nc ludes  
one phys ica l  channe l  
(the copper core)  that  carri es  the s igna l  surrounded (after a  
layer of  insu lat i on)  by  another concentric  phys i ca l  channe l  ( a  
meta l l i c  fo i l  or  bra id) ,  and  an  outer cover or sheath ,  a l l  runn i ng  
a long the same axis .  The outer channel  serves  as  a  shie ld  ( o r  
ground) .  Many  of  these cab les  or pa i rs  of  coaxi a l  tubes  can  be  
p laced i n  a  s i ngle condu i t  and ,  w ith repeaters ,  can  carry  
informat i on  for a  great  d istance .  In  fact ,  th is  type of cab le was  
used for hi gh bandwidth and v ideo serv i ce by  the telephone  
companies  pr ior to  the i ntroduct i on  of  f iber in  the 1980 ’ s .  

There are severa l  v ari at i ons .  Tri ax i a l  (Tri ax)  i s  a  form of cabl e  
that  uses  a  s i ngle center  conductor w ith  two shi e lds .  Thi s  
compos i t ion  affords  a  greater t ransmi ss ion  d istance w ith less  
loss  due to  i nterference  from outs ide e lectri ca l  s igna ls .  Twinaxia l  
(Twinax)  i s  two coaxi a l  systems packaged w ithin  a  s ing le  cab le .  

Insulation

Metallic Shield (can 
be foil or braided)

Outer 
Sheath

Copper 
Core

Figure  2 -3 :  Co- Ax ia l  Cab le  I l lus t ra t ion 
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Coaxia l  cab le was invented in  1929 and f i rs t  used commercia l ly  i n  
1941 .  AT&T estab l ished i ts  f i rst  cross-cont inenta l  coaxi a l  
t ransmiss ion  system in  1940 .  Dependi ng on  the carri er techno logy  
used and other factors ,  tw is ted pai r  copper w i re  and opt i ca l  f iber  
are a lternat ives  to  coaxi a l  cab le .  

Coaxia l  cab le was  ori g ina l ly  used by  some traff i c  depart ments  to  
p rov ide  communi cat ions  between f ie ld  contro l lers  and the  centra l  
contro l l er in  an  automated traff i c  s i gna l  system . It  was  a lso  th e  
medium of choi ce for earl y  imp lementat ion  of  v ideo  inc ident  
management  systems used in  ITS . However,  w ith the introduct io n  
of f iber opt i cs ,  the use of coaxia l  cab le  has  a l l  but  been  
abandoned for this  purpose .  

Coaxia l  cab le i s  st i l l  used  for connect ing CCTV cameras  to  
mon itors  and v ideo sw itchers .  As  the cost  of  us i ng f iber opt i cs  
has  begun to  drop ,  camera  manufacturers  are  insta l l i ng f iber  
opt i c  t ransceivers  i n  the camera .  This  i s  especi a l ly  usefu l  fo r  
p revent i ng i nterference from e lectri ca l  systems,  or creat ing a  
secure  v ideo t ransmiss i on  network .  

 

Fiber Optics & Fiber Optic Cable 

Fiber opt ic  (or "opt ica l  f i ber")  refers  to  the medium and  th e  
techno logy  associated w ith the t ransmiss ion  of  inform at ion  as  
l i ght  impu lses  a long a  s trand of  g l ass .  A f iber opt i c  strand  

carri es  much more  
informat i on  than  
convent i onal  copper w i re  
and  is  far l ess  subject  to  

e lectromagnet i c  
i nterference (EMI) .  
Almost  a l l  te lephone  
long-d i stance  (cross  
country)  l i nes  are  now  
f iber opt i c .  

Transmiss i on  over f iber opt ic  strands  requ i res  repeat ing ( o r 
regenerat i on)  at  vary ing in terval s .  The spacing between thes e  
interva ls  i s  greater (potent i a l ly  more than 100 km ,  or 50 mi les)  
than copper based systems .  By  comparison ,  a  h i gh speed  electri ca l  
s igna l  such as  a  T-1  s i gna l  carri ed  over tw isted-pai r  must  be  
repeated every  1 .8  ki lometers  or 6000 feet .   

Core

Cladding 
(Refractive 
Coating)

Cover

F igure  2 -4 :  Bas ic  F iber  Opt ic  S t rand  Const r uc t ion 
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Fiber opt ic  cable  l oss  i s  ca lcu lated  in  dB per k i l ometer (dB/KM) ,  
and copper cab les  are  rated  in  dB per meter (dB/M) .  Note:  Th e  
Appendix  of  this  handbook inc ludes  an  exp lanat ion  of  how to  
ca lcu late a  f iber opt ic  loss  budget .  

The f iber opt ic  strand i s  constructed (see graphi c)  i n  severa l  
layers .  The core i s  the actual  g l ass ,  or f iber,  conductor .  This  i s  
covered w ith a  refract ive coat ing –  ca l l ed  c ladding -  that  caus es  
the l i ght  to  t rave l  in  a  contro l l ed  path  a long  the  ent i re  l ength o f  
the g lass  core .  The next  l ayer i s  a  p rotect ive coveri ng that  keeps  
the core and coat ing from sustai n ing damage .  It  a lso  p revents  
l i ght  from escap i ng  the  assembly ,  and  has  a  co lor cod ing  fo r  
ident if i cat ion  purposes .  The core ,  coat ing and  cover ing  are  
co l l ect ive ly  referred to  as  a  “s trand” .  F iber strand  s izes  are  
a lways  referred to  in  terms  of  the d i ameter of  the core .  

 
Fiber Optic Cable 
 

Fiber s trands  are  typ i ca l ly  bund led w ithin  a  cable .  The  strands  
can  be p l aced in  a  “t i ght”  or 
“ l oose”  buffer tube array .  The  
loose buffer tube array i s  the  
most  common ly  dep loyed for 
outs ide p l ant  app l i cat i ons .  
Tight  buffered cab le  i s  
genera l l y  used w ithin  a  bu i ld i ng  
for r iser and hori zonta l  cable .  Ti ght  buffer cab le i s  a lso  used fo r  
an  “ indoor/outdoor”  app l i cat i on .  Thi s  cab le  i s  constructed w ith a  
weather/mois ture  res istant  cab le  sheath ,  and i s  genera l l y  used t o  
get  from a sp l i ce box l ocated w ithin  severa l  hundred feet  of  a  
bu i ld i ng  ut i l i ty  entrance ,  and must  be run  severa l  hundred feet  
w ith in  a  bu i ld ing to  the mai n  f iber d is tribut i on  po i nt .  If  the mai n  
f iber d istr ibut i on  po int  i s  l ess  than  100 feet  from the  bu i ld ing  
entrance ,  there  may be no advantage to  us ing the indoor/outdoo r  
cab le .  

F iber s trands  are  p laced in  a  large ( re lat i ve ly )  d i ameter tube and  
a l lowed to “f loat”  w ith cons iderab le movement .  As  the f iber cabl e  
i s  pu l l ed  into  p l ace ( in  condu it ,  d i rect ly  buried ,  or p laced on  a  
po le)  the strands  are  not  subjected to  the forces  of  the pu l l i n g  
tens ion .  The strands  therefore sustain  min ima l  damage o r  
d istort i on  from stretching .  

In s i d e  p l an t  ca b le  i s  c on s tr u ct ed  

to  be  f le x i b le  an d  l i g htw e i g h t .  T he  

ca b le  m ay  be  co a ted  to  m ee t  f i r e  

pr o te c t i o n  co de s .  
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Fiber cab les  are ( as  are  a l l  communicat i ons  cab les)  manufactured  
based on  thei r  intended use .  Each cable w i l l  have a  standard se t  
of  marki ngs  i nd icat i ng  i ts  
primary  use ,  the name of  the  
manufacturer a  Nat i ona l  
E lectrica l  Code  rat i ng and a  UL 
approval  code,  the number  of 
f ibers  contained w ithin  the  
cab le ,  the  outs ide d i ameter  of  
the cab le ,  and  the  
manufacturer ’ s  p roduct  
nomenc lature .  Al l  of  these  i tems shou ld  be  checked when th e  
cab le  i s  de l i vered to  a  storage area  and then at  the  job-s it e  
before  the cable i s  i ns ta l l ed .  Genera l ly ,  f i ber cab les  fa l l  i nto  on e  
of  the fo l low i ng c l ass if i cat i ons :  

Tab le  2 -2 :  F iber  Opt ic  Cab le  Class i f i ca t ions  

F iber  Cab l e  

C l as s i f i c at i o n  

Gen er a l  P ur po s e 

In s i d e  P l an t  De v i ce  to  dev i c e  w i r i n g  

Hor i z on t a l ,  o r  I n tr a -

off i c e  

R un  on  a  s i n g l e  f l o o r  an d  be tw een  r oo ms  

R i ser  o r  i n t r a -b u i ld i n g  R un  b et w ee n  f lo o r s  i n  a  b u i l d i n g ,  u s ua l l y  

i n  an  e le va to r  s ha ft  o r  con d u i t  

P le n um  Sp ec i a l l y  co a ted  c a b le  t o  me et  f i r e  

cod es  fo r  c ab l e  r un  w i t h i n  an  a i r  sp ac e .  

Aer i a l  C ab le  Us u a l l y  s t r un g  on  U t i l i t y  po l e s  an d  

des i gn ed  to  be  e i t her  s e l f -s u p po r t i n g  o r  

l a s he d  to  a  s u pp or t i n g  c ab le .  C a b le s  a r e  

us u a l l y  c on s tr u ct ed  w i th  ma ter i a l s  th a t  

a r e  r es i s tan t  t o  ag i n g  f r o m  ex p o su r e  to  

s u n l i g h t .  

D i r ec t -b u r i a l  C ab l e s  t ha t  a r e  des i gn ed  to  be  d i r e ct ly  

b ur i e d  i n  a  t r en c h .  

D u ct  C a b le  C ab l e s  t h at  a r e  de s i gne d  to  b e  i n s t a l l ed  

O ut s id e  p l an t  c ab l e  i s  

con s tr u c ted  to  w i t hs t an d  

i m mer s i o n  i n  w a ter ,  w i l l  r e s i s t  

ex pos ur e  t o  u l t r av i o l e t  r ay s ,  an d  

i s  pr o te ct ed  f ro m  r ode nt s  an d  

b i r d s .  
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i n  a  co n d u i t  

S ub m ar i n e  C a b le  C ab l e s  t ha t  a r e  de s i g n ed  to  be  

s u b mer ge d .  

I n s i d e -O u t s i d e  C ab l es  th a t  a r e  use d  to  t r an s i t i o n  

be tw e en  o u ts i de  p l an t  an d  i n s i d e  p l an t .  

Some cab les  are  manufactured w i th  a  metal l i c  armored  sheath to  
p rov ide  added strength and protect ion  against  rodents .  F iber  
cab le  that  i s  p laced i n  underground  condu it ,  i s  norma l ly  f i l l ed  
w ith  a  waterproof ge l  compound .  Outs ide p l ant  cab les  are  
genera l l y  manufactured  w ith  a  gel  f i l l i ng i n  the buffer tubes  and  
a  water b locki ng tape between the i nner and outer jackets .  Both  
outer and i nner j ackets  are  made of  materia ls  des i gned to  
w ithstand immers ion  and res i st  corros i on .  

F iber strands  and cab les  are  manufactured w i th  a  standard co lor  
cod i ng .  This  permits  effect i ve management of  cab les  because of  
the normal ly  h i gh strand counts  contained w ithin  a  cab le .  There  
are 24 co lor combinat ions  used .  A loose buffer tube cable w ith  
576 strands  wou ld  have 24  tubes  co lored as  ind icated in  th e  
chart  be low .  Within  each buffer tube wou ld  be 24 f iber strands  
us ing  the  same 
co lor scheme .  
Therefore ,  
st rand  number  47 
wou ld  be in  an  
orange buffer  
tube and have  a  
rose  w ith  a  
b lack t racer  
co lored 
protect i ve 
coat i ng .  

 

Tab le  2 -3 :  F iber  

Cab le  Co lor  

Iden t i f i ca t ion  Char t  

F iber  Cab l e  I d ent i f i c at i o n  Co lo r  Char t  

Inner 
Jacket

Central Strength Member

Outer 
Jacket

Armor
(Corregated Steel, 
or Aramid Fiber)

Buffer 
Tubes

Filler 
Material

Figure  2 -5 :  F iber  Opt ic  Cab le  I l lus t ra t ion 
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Buff er  Tube /  F i b er  S tr and  

Number  

Co lo r  

1  B l u e  

2  Or a n g e  

3  Gr e en  

4  Br ow n  

5  S l a te  

6  W hi t e  

7  R ed  

8  B l a ck  

9  Y e l l ow  

10  V i o le t  

1 1  R ose  

12  Aq u a  

13  B l u e/ B la ck  Tr a cer  

14  Or a n g e/ B la ck  Tr ac er  

15  Gr e en /B l ack  Tr a cer  

16  Br ow n /B l a ck  Tr a cer  

17  S l a te /B l ack  T r a cer  

18  W hi t e/ B la ck  Tr a cer  

19  R ed/B l ack  T r a cer  

20  B l a ck /Y e l l ow  Tr a c er  

2 1  Y e l l ow /B l a ck  Tr a c er  
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22  V i o le t /B la ck  Tr a cer  

23  R ose/ B l a ck  Tr ac er  

24  Aq u a /B l ack  Tr a cer  

 

Another aspect of f iber construction i s  the actual  s ize of the  
f iber  strand .  Most f iber  i s  produced in  a  d iameter  of 125µm -  
a  combinat ion  of  the f iber core and  i t s  c l add ing .  Most  mult imod e 
cab le used today  has  a  core  d iameter of  62 .5µm and most  s ingl e  
mode f iber has  a  core  d i ameter of  9µm .  Therefore ,  the f iber 
strand  s i ze w i l l  normal ly  be l i sted as  62 .5µm/125µm fo r  
mult imode and 9µm/125µm for s ing le mode  f iber .  

The strand d i ameter i s  kept  cons is tent  to  he lp  w ith th e  
manufacturing and i nsta l l at ion  p rocesses .  The core  d iameter  
varies  because of  d ifferences  in  some of the t ransmiss i on  
characteris t ics  of  the  f ibers .  When purchas i ng f iber cable to  b e  
added to  an  exis t ing system , make  certai n  that  s trand d iameter  
and the core  d i ameters  match .  Fus i on  sp l i c ing ( see chapter 8  fo r  
an  exp lanat ion  of  sp l i c ing)  f ibers  w ith d ifferent  core  d i ameters  
i s  poss ib le .  However,  there  w i l l  p robab ly  be a  mi sa l i gnment  tha t  
i s  the cause of  poor system performance .  If  you  must  use f ibers  
w ith d ifferent  core  d i ameters  i t  i s  best  to  use a  mechani ca l  
sp l i ce to  assure  p roper a l i gnment .  Never sp l i ce mu lt imode f iber  
to  s ingle mode f iber .  If  you  must  p l ace s ingle mode and mult imode  
in  the  same system use  a  “mode  converter”  to  faci l i t ate th e  
t rans i t ion .  

 
Fiber Cable Types 
 

Fiber cab les  are p roduced in  two bas i c  forms:  

•  Loose Tube Buffered Cable 

•  Tight  Buffered Cable 
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Loose tube cab les  are  p rimar i ly  used  in  outs ide  p l ant  app l icat ions .  
They are des i gned to  p rotect  the f ibers  from damage (stretchi ng  
and k inki ng)  that  might  resu lt  
from an overly  aggress ive cable  
pu l l er .  The tube arrangement  
a lso  a l l ows  for eas ier 
t rans i t ion  to  f iber drops  at  
bu i ld i ngs  or communi cat ion  
cabinets .  The  f iber strands 
f loat  w ith in  the buffer tubes  
and are  not  part  of  the cable  
structure .  Loose tube cab les  
are ideal  for metropo l i t an  and 
long d i stance cable i n sta l lat i ons .  

Tight  buffer cables  are  specif i ed  for i n s ide  p lant  use .  Thes e  
types  of  cables  are des i gned for use w ithin  a  contro l led  
env i ronment such as  a  bu i ld i ng or ins ide p l ant  equ ipment  cabinets .  
Because the cab le i s  used w i thin  a  bu i ld i ng the cab le i t  requ i re s  
less  phys i ca l  p rotect i on  and  has  greater f lex ib i l i ty .  The f ibers  
w ithin  the cab le are  suscept ib le to  damage from aggress i ve cabl e  
pu l l s  because the f iber strands  are part  of  the cab le s tructure .  
The strands are  t i ght ly  bound in  a  centra l  bund le  w ith i n  the  outer  
cab le sheath .  

F ibers  are  assemb led into  e ither stranded or r ibbon cables .  
Stranded cab les  are  i nd iv idual  f i bers  that  are bund led together.  
R ibbon cable i s  constructed by  group i ng up  to  12 f ibers  and  
coat i ng them w i th p l ast i c  to  form a mu lt i  f iber r ibbon .  Stranded  
and r ibbon f iber bund les  can  be packaged together i nto  e i ther  
loose or t i ght  bufferi ng cab le .  

 

Tab le  2 -4 :  F iber  Opt ic  Cab le  Buf fe r  Types  

Cable Buffer Types 

Loose Buffered Cable Tight Buffered Cable 

Ind iv idua l  f ibers  move  free ly  w ithin  

a  buffer  tube 

F ibers  are  t ight ly  bound into  a  

bund le  

Large cab le  d iameter  to  Smal ler  cab le  d iameter  

No te :  M an y  ma n uf ac t ur er s  w i l l  

p r o v ide  bo t h  l o os e  t ub e  an d  t i g h t  

b uf fer e d  c ab le .  So me  on ly  p r o v i d e  

one  ty pe .  S pe c i f y  a n d  p ur c ha s e  

th e  ty p e  o f  ca b le  t ha t  b es t  m ee t s  

y our  n e eds .  R e me mb er ,  “ i n  

te le co m m un i c at i o n s ,  t h er e i s  n o  

s i n g l e  s o l u t i o n  fo r  a l l  

r e q u i r e me n t s ! ! ! ”   
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accommodate buffer  tubes  

F ibers  protected from cable  pul l i ng  

forces  

F ibers  sens it i ve to  pul l i ng  forces  

Used pr imar i ly  for  outs ide  p lant  Used for  ins ide  p lant  and  

d istr ibut ion  

 

Fiber Strand Types: 

Fiber strands  are  p roduced i n  two  bas i c  var i et i es :  Mu lt imode and  
Single mode .  Each variety  is  used to  faci l i tate  specif i c  
requ i rements  of  the communi cat ion  system . 

Mult imode i s  opt i ca l  f iber that  i s  des igned to  carry  mu lt i p le  l i ght  
rays  or modes  concurrent ly ,  each at  a  s l i ght ly  d ifferent  
ref lect ion  ang le w ith in  the opt i ca l  f i ber core .  Mu lt imode f iber  
t ransmiss ion  i s  used  for re lat ively  short  d is tances  because  th e  
modes tend to  d i sperse over  longer l engths  (thi s  i s  ca l l ed  moda l  
d ispers i on) .  Mult imode f ibers  have a  core d iameter of  between 5 0  
& 200 microns .  Mu lt imode f iber i s  used for requ i rements  of  l ess  
than 15 ,000 feet .  Mu lt imode f iber became avai lab le during t he  
early  1980 ’s  and  is  st i l l  bei ng used in  many o lder systems .  With  
the advances  in  f i ber technology  and the number of  p roduct  
choi ces  ava i l ab le ,  mu lt imode  f iber i s  a lmost  never dep loyed fo r  
new systems .  There  are  mechanica l  dev i ces  avai l ab le  that  
accommodate a  t rans it i on  from mult imode f iber to  s ingle mod e  
f iber .  Mu lt imode f iber i s  genera l ly  “ l i t ”  w ith LED (Li ght  Emitt i ng  
Diodes)  whi ch are  less  expens ive than LASER transmitters .  
Mult imode f iber i s  genera l l y  manufactured in  two s i zes  50µm and  
62 .5µm . 

S ingle mode is  opt i ca l  f iber that  is  des i gned  for the t ransmiss io n  
of a  s ingle  ray  or mode  of  l i ght  as  a  carr i er .  Sing le  mode f iber  
has  a  much  smal ler core  than mu lt imode f iber .  S i ng le mode f iber  
i s  p roduced i n  severa l  v ar i at ions .  The vari at i ons  are des i gned to  
faci l i tate  very  l ong d is tances ,  and the t ransmiss ion  of  mu lt ip l e  
l i ght  frequencies  w ithin  a  s i ng le l i ght  ray .  Fo l l ow ing chapters  w i l l  
d iscuss  t ransmiss ion  system capabi l i t i es  –  See:  Ethernet ,  SONE T 
and DWDM. Si ng le mode f iber i s  genera l ly  manufactured w ith  
core  d i ameters  between  7 and 9 mi crons .  
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During the past  10 years ,  a  number of  vari ants  of  s ing le mod e  
f iber have been developed .  Some of the f ibers  are used  for l on g  
d istance systems ,  and others  are used for metropol i tan  systems .  
Each of  these has  been deve loped w ith specia l  characterist i cs  
des i gned to  enhance  
performance  for a  
specif i c  purpose .  The  
most  w ide ly  used a l l  
purpose s ing le mode f iber  
i s  SMF-28 whi ch can  be  
used  for a l l  p urposes ,  
except  long reach DWDM 
systems .  

Freeway  Management  and  
Traff i c  Si gna l  Contro l  
wou ld  be cons idered –  
from a communi cat ions  
perspect ive –  as  genera l  
purpose systems .  
Des i gners  of  
Transportat i on  Management  Systems  us ing f iber shou ld  strong ly  
cons ider specify i ng  SMF-28  type  s ing le  mode  f iber .  This  f iber i s  
very  avai l ab le and normal ly  i s  lowest  i n  p r ice .  

F iber opt i c  cab le i s  p ri ced on  the bas is  of  strand feet .  A 5 ,000  
foot  cable w ith two f iber strands  i s  10 ,000  f iber s trand  feet .  A 
5 ,000 foot  cable w ith 24 f ibers  i s  120 ,000 strand feet .  The cost  
of  the f i rst  cable might  be $5 ,000 ,  or 50 cents  per strand foot .  
The cost  of  the  second  cable might  be $24 ,000 ,  but  the  cost  per  
strand foot  i s  on ly  20 cents .  Therefore ,  when purchas i ng f iber  
opt i c  cable ,  i t  i s  a lways  best  to  cons ider potent i a l  system 
addit i ons  in  order to  i ncur a  lower overa l l  materi a l s  cost .  
Remember,  p r i ce per f iber s t rand foot  i s  not  the on ly  factor t o  
cons ider in  overa l l  system costs .  D i gging a  four (4)  foot  deep  
t rench,  p l ac i ng condu i t  in  the t rench ,  and repai r ing the street  
carri es  the same cost  regard less  of  the strand count ,  and that ’ s  
about 90% of the tota l  cost  of  dep loy i ng f iber opt ic  cab le .  I f  
construct i on costs  $100 per l i near foot ,  then  the  overa l l  cost  per  
strand foot  i s  $50 .50 per foot  for two (2)  strands  and $4 .37 fo r 
twenty-four (24)  strands .  Items not  inc luded in  th is  ca lcu lat i on  
are  the  costs  associ ated  w ith  sp l i c ing ,  opt imizat ion  and  
engineering .  Those are  10% of the tota l  cost .  

No te :  S MF -2 8  i s  a  t r a de m ar k ed  

n o m en c l a t ur e  o f  C o r n i n g  C a b le , t ha t  

ha s  b ec om e  a  g en er i c  te r m  us ed  to  

des cr i be  an  a l l  p ur po se  s i n g le  mo d e  

f i b er .  Ne ar ly  a l l  t r a ff i c  s i gn a l  an d  

f r eew ay  m an ag em ent  s y s t em s  w i l l  u s e  

an  a l l  p ur po se  s i n g l e  mo de  f i ber .  F i be r  

op t i c  p r od u c t  c h ar ac ter i s t i c s  a r e  i n  a  

con s t an t  s ta te  o f  c h an g e .  I n ves t i g a t e  

bef ore  f i n a l i z i n g  s y s te m  

sp ec i f i ca t i o n s . T h e  R eso ur c e  S ec t i o n  

o f  t h i s  h an d bo ok  co n t a i n s  a  l i s t  o f  

f i b er  o p t i c  c a b le  ma n uf ac t ur er s  an d  

th e i r  w eb  s i te s .   
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Single Mode vs. Multimode Fiber 
 

Fol l ow ing  i s  a  genera l  comparison  of  Sing le  Mode and  Mult imod e 
f ibers :  

S ingle mode  f iber has  a  very  smal l  core  caus i ng  l i ght  to  t ravel  i n  
a  stra i ght  l i ne  and typ ica l ly  has  a  core  s i ze of  8 to  10 mi crons .  It  
has  ( theoret i ca l ly )  un l imi ted bandwidth capacity ,  that  can b e  
t ransmitted for very  long d i stances (40 to  60 mi les) .  Mult imod e  
f iber supports  mu lt ip le  paths  of  l i ght  and has  a  much larger core  
-  50  or 62 .5 mi crons .  Because mul t imode  f ibers  are  f ive to  s i x  
t imes  the d iameter of  s ingle mode ,  t ransmi tted l i ght  w i l l  t rave l  
a l ong mu lt ip le  paths ,  or modes  w i thin  the f iber .  Mu lt imode f iber  
can  be manufactured in  two  ways :  step- i ndex or graded index .  
Step- index f iber has  an  abrupt  change  or step  between the  index  
of  refract ion  of  the core  and the i ndex of  refract ion  of  the  
c l addi ng .  Mult imode step- i ndex f ibers  have lower bandwidt h  
capacity  than graded index f ibers .  

Graded i ndex f iber was  des igned to  reduce moda l  d i spers i on  
inherent  in  step  index f iber .  Moda l  d ispers ion  occurs  as  l i ght  
pu lses  t rave l  through the core  a long  h i gher and lower order  
modes .  Graded i ndex f iber i s  made  up  of  mu lt ip le  layers  w ith th e  
h ighest  index of  refract i on  at  the  core .  Each  succeedi ng l ayer  
has  a  gradua l ly  decreas ing index of  refract ion  as  the layers  mov e  
away  from the  center .  Hi gh  order modes enter the outer l ayers  
of  the c l addi ng and are  ref lected back towards  the core .  
Mult imode graded index f ibers  have less  attenuat i on  ( l oss)  of  th e  
output  pu lse and have hi gher bandwidth than mult imode step-
index f ibers .  

S ingle mode f ibers  are  not  affected by moda l  d ispers ion  because  
l i ght  t rave ls  a  s i ng le path .  S i ng le mode s tep- i ndex  f ibers  
experi ence l i ght  pu lse stretching and shrinki ng v i a  chromat i c  
d ispers i on .  Chromat i c d ispers ion  happens  when  a  pu lse  of  l i ght  
contains  more  than one wave length .  Wave lengths  trave l  a t  
d ifferent  speeds ,  caus ing the pu lse to  spread .  D ispers ion  can  a lso  
occur when the opt i ca l  s i gna l  gets  out of the core  and  into  th e  
c l add i ng ,  caus ing shrink ing of  the tota l  pu l se .   

S ingle mode shifted f iber uses  mu lt ip le  l ayers  of  core an d  
c l addi ng to  reduce d ispers ion .  D ispers ion  shi fted f ibers  have low  
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attenuat i on  ( loss) ,  longer t ransmiss ion  d istances ,  and  higher 
bandwidth .  

Tab le  2 -5 :  Compar ison  S ing le  M ode  F iber  &  M ul t imode  F iber  

Compar i so n  S i n g l e  Mode  F i ber  –  Mu lt imode  F i ber  

Charac ter i s t i c  S i n g l e  Mode Mu lt imode 

Ban dw id t h  V i r t u a l l y  Un l i m i ted  Les s  t h an  v i r t ua l l y  un l im i te d  

S i g n a l  Q ua l i t y  E xc e l l e n t  o v er  l o n g  

d i s tan c es  

Exc e l l e n t  o ver  sh or t  

d i s tan c es  

P r i m ar y  

At ten u a t i on  

C hr o m at i c  

D i sp er s i on  

Mo da l  D i s per s i o n  

F ib er  Ty p es  St ep  I n de x  &  

D i sp er s i on  S h i f te d  

St ep  &  Gr ad ed  I n de x  

Ty p i ca l  Ap p l i c a t i o n  A l mo st  an y t h i n g  

( i n c l u d i n g  E t her n et )

Ana lo g  V ide o ;  E t her n et ;  

Sh or t  R ang e  Co m m un i ca t i o n s  

Wireless Media 

Since the invent i on  of  the Wire less  Telegraph i n  1896  
communicat i on  system des i gners  have  sought  to  use  w i reless  
because of  the reduced i nfrastructure  cost  and complexi ty ,  when  
compared to  w i re l ine commun icat ion  systems .  There  i s  no  need t o  
construct  mi les  of  te lephone  l i ne  po les  or cable  t renches .  S imp ly  
put  in  a  few strategica l ly  pos it ioned rad io  towers  and  t ransmit  
around the  world .  Today ,  w i reless  systems are s ign if i cant ly  more  
complex  because  we want  to  a l low  mi l l i ons  of  users  to  make  
te lephone ca l ls  or receive feature  length mov i es  v ia  w i re less  
systems .  There  are four genera l  types  of  w i re less  ( rad io )  
communicat i on  systems:  

•  Cel lu lar Telephone 

•  Bas ic  2-Way Radi o  

•  Po int- to-po int  

•  Wi-Fi  (Wire less  F idel i ty) ,  and  recent ly ,  Wi-Max 

Traff i c  s i gnal  and freeway management  systems use three of  th e  
variants  to  support  operat i ons ,  and  are  cons idering the use of  
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Wi-Fi .  The Wi-F i /Wi-Max systems are  becoming i ncreas ingl y  
ubiqu itous  in  thei r  dep loyment ,  and  a  part  of  most  
te lecommuni cat ion  dep loyment strategies .  Chapter 7  p rov ides  a  
descript ion  of  a  p roposed use of  Wi-Max for the Irv ing ,  Texas  
t raff ic  s ignal  system . Wi-F i /Wi-Max systems  are  Ethernet  based  
and a l l ow  for a  seam less  t rans it ion  from w i re less  to  w i re l i ne .  

Cellular Systems 

Cel lu lar w i re less  te lephone networks  p rov ide users  w ith a  mobi l e  
extens ion  of  thei r  w i re l ine vo ice  networks .  Duri ng  the  past  10  
years ,  ce l l u l ar telephone  systems moved from a luxury  that  on ly  
wea lthy  ind iv idua ls  or corporat ions  cou ld  afford to  a  commodi ty  
serv i ce that  i s  affordab le,  and  used by  majority  of adu lts  ( a ls o  
large numbers  of  chi ld ren  and teenagers)  i n  North  Ameri ca  
Europe and the Paci f ic  R im countri es .  Many thi rd  world  countri es  
are expandi ng thei r  telephone networks  v i a  the creat i on  of  an  
extens ive w i re less  system that  e l imi nates  the cost  of  
construct ing the “w i red ” systems .  

Cel lu lar telephone  systems come in  two  bas i c  variet ies :  Analog o r  
D ig ita l .  Ana log uses  two s tandards  –  AMPS ( advanced mobi l e  
phone  system) ,  and  GSM (globa l  system for mobi l e  
communicat i on) .  AMPS was  dep loyed in  North Ameri ca and GS M 
was dep loyed  in  most  of  the  rest  of  the world .  The two  systems  
are  not  compat ib le .  D ifferent  telephone  handsets  are  requ i red ,  o r  
at  least  a  hand set  that  w i l l  i ncorporate both  systems .  

Many d i g i ta l  var i ants  are  in  the p rocess  of  being dep loyed .  
Because the cost  of  dep loyment  i s  so  h igh ce l lu l ar carri ers  hav e  
been  bu i ld ing the requ i red i nfrastructure  in  severa l  s tages .  Th e  
f i rs t  stage is  ca l l ed  2nd generat ion .  Carri ers  took the exis t ing  
analog serv i ce  w ith one user per rad io  channe l  and  added  a system 
that  wou ld  a l l ow  severa l  u sers  per rad io  channe l .  These are  
mult ip lex ing schemes ca l led  TDMA (t ime d iv is ion  mu l t ip le  access )  
-  an  ana log serv i ce ,  and  CDMA (code d iv is ion  mu lt ip le  access)  –  a  
d ig i ta l  serv i ce .  The bas i c  p lan  was  to  move from 2nd to  3rd  
generat ion  w ith i n  a  short  period  of  t ime .  The upgrade wou ld  
p rov ide users  w ith vo i ce and data serv ices .  The data serv i ces  
wou ld  p rov ide s i gn if i cant ly  h igher throughput  –  greater  than 5 6  
Kbps  –  for i nternet  and e-mai l  access .  However,  the cost  of  the  
upgrade was  so  h i gh that  carri ers  decided to  take an  
intermediate step  –  2 .5G –  to  p rov ide improved vo i ce  and  l ow  
bandwidth data serv i ces .  Carriers  were hop i ng that  the  internet  
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boom of the late 1990 ’s  wou ld  create a  consumer demand fo r  
w i re less  i nternet  serv i ces .  However,  th i s  demand d id  not  
materi a l i ze ,  and  the carri ers  s lowed thei r dep loyment  of  3G  
systems .  With  the advent  of  inexpens ive  Wi-F i/Wi-Max systems ,  
genera l  consumer and commerci a l  demand ,  and lap top  computers  
that  can  run  for 5 hours  on  battery ,  w i re less  carr iers  are  
dep loy i ng “overlay  systems” that  can  p rov ide broadband internet  
access  and genera l  network ing serv i ces .  Wi-F i /Wi-Max  w i l l  be  
d iscussed later in  th is  chapter,  and  an  examp le of  a  Wi-F i/Wi-
Max system used  for t raff i c  s i gna l  contro l  w i l l  be  d iscussed  i n  
Chapter 7 .  

CDPD 

CDPD (ce l l u l ar d i g i ta l  
packet  data)  i s  an  ana log  
data overlay  that  has  been  
in  operat ion  s i nce  1993 .  
This  serv i ce p rov ides  data  
throughput  at  9 .6 Kbps  ( i n  
theory  up  to  19 .2  Kbps) ,  
and  i s  an  overlay  to  the  
analog ce l l u l ar telephone  
system . CDPD is  bei ng used  by  a  number of  communit i es  as  a  
w i re less  communi cat i on  l i nk to  contro l  t raff ic  s i gna l  systems .  As  
the ana log ce l l  systems  are  converted to  d i g i ta l ,  CDPD  is  bein g  
phased out .  The w i re less  carri ers  are  not  p rov id ing a  subst itute .  
If  you  have an  exis t ing system that  re l ies  on  CDPD serv ice,  you  
w i l l  need to  change to  a  new serv i ce .  

Point-to-Point Radio Systems 

These are rad io systems  that  communi cate between f ixed  
locat ions .  Genera l ly ,  they  are used as  a  rep lacement for w ire l in e  
systems .  Po i nt-to-Po i nt  systems  can  be estab l ished us i ng a lmost  
any  rad i o  frequency .  However,  most  systems are  deve loped us ing  
frequencies  i n  the mi crowave  spectrum of 800 MHz to 30 GHz.  

The Federa l  Communicat i ons  Commiss ion  has  des ignated groups  o f  
frequenci es  throughout  the  usable rad io  spectrum for “f ixed  
serv i ce”  u se .  

Microwave 

Microwave is  a  f i xed po i nt-to-po int  serv i ce that  p rov ides  
connect iv i ty  between major communicat i on  nodes .  Telephone and  

An  “o v er la y  s y s t em ”  i s  o ne  t h at  i s  

b u i l t  u pon  an d  ex i s t i n g  i n f r as tr u ct ur e .  

Be ca u se  t her e  i s  a  ba s i c  c e l l u l a r  

t r a n s m i t te r  s i te  i n f r as tr u ct ur e  i n  

p l a ce ,  w i r e l e s s  c ar r i e r s  ca n  d e p lo y  Wi -

F i  s y s t e ms  for  s u bs ta nt i a l l y  l e s s  

mon ey  t h an  u p gr a d i n g  t o  3 G .
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long d is tance compani es  use  the serv i ce to  p rov ide backup  fo r  
thei r  cabled  (w i re l ine)  i nfrastructure  and  to  reach  remot e  
locat ions .  Publ i c  Safety  agenci es  use microwave to  connect  2-way  
rad io  t ransmi tter s i tes  to  a  centra l  locat ion .  Bus i nesses  a lso  us e  
these systems for the  same purposes .  

The frequenci es  a l located for this  serv ice are in  the 6 and 1 1  
g i gahertz ranges .  Al l  users  are requ i red to  obtain  a  l i cense for  
use from the  FCC (Federa l  Communi cat ions  Commiss ion) .  
Frequency  l i censes  are  granted  on  a  non- interferi ng (w i th other  
users)  bas is .  Systems can  be des i gned  to  operate over d istances  
of  about  20 mi les  between  any  two po ints .  Other frequenci es  
ava i l ab le in  the 900 megahertz ,  2  and 23 gi gahertz range do no t  
requ i re a  l i cense .  Because these frequencies  do not  requ i re a  
l i cense i t  i s  up  to  users  to  reso lve any  interference problems  
w ithout  support  from the FCC. As  w ith a l l  mi crowave,  the FCC  
permits  on ly  po i nt-to-poi nt  uses .  Many DOTs are  us ing spread  
spectrum systems in  the 900  MHz and 2  GHz bands .  

Spread Spectrum Radio 

Spread spectrum rad io  i s  a  techno logy  that  “spreads ”  th e  
t ransmiss ion  over a  group  of  rad io  frequencies .  Two techniques  
are used .  The most  common is  ca l l ed  “frequency  hopp ing”  The  
rad io  uses  one frequency  at  a  t ime but  at  p re-determined  
interva ls  j umps  to  another frequency to  he lp  p rov ide a  “secure ”  
t ransmiss ion .  The second  system actual ly  spreads  th e  
t ransmiss ion  over severa l  f requencies  at  the same t ime .  Th e  
method help s  to  p revent  i n terference from other users .  Thes e  
systems are  genera l ly  u sed for d istances  of  l ess  than 2  a i r  mi les .  

Spread spectrum techno logy  for telecommunicat i on  systems  was  
ori g ina l ly  developed during  World  War II 6.  Most  notably ,  th e  
techno logy  has  inherent  features  that  p rov ide for a  very  secure  
means  of  communi cat ing even in  “unfri end ly ”  RF env i ronments .  
Desp ite  w idespread mi l i t ary  use,  the  techno logy  was  not  mad e  
avai l ab le for commerci a l  u se unt i l  l995 when the U .S .  Federa l  
Communi cat i ons  Commiss ion  (FCC)  i ssued  ru l i ng 15 .247  permitt in g  
the use  of  spread  spectrum techno logy  for commerci a l  
app l i cat ions  in  the 900,  2400  and 5800 MHz frequency  bands .  

                                                 
6 Hedy Lamarr, once considered as the most beautiful woman in Hollywood was a co-inventor of the frequency 
hopping technique for spread spectrum radio. Hedy and her co-inventor George Antiel, a musician) created the 
technique as part of a guidance system for torpedoes during WWII. 
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The bas i c  concept  of  spread spectrum refers  to  an  RF modulat ion  
techn ique that  spreads  the t ransmit  s i gna l  over a  w ide spectrum 
(or bandwidth) .Contra ry  to  convent i onal  narrow band modulat i on  
techn iques  that  are  eva luated by  thei r  abi l i ty  to  concentrate  a  
s igna l  in  a  narrow bandw idth ,  spread  spectrum modulat ion  
techn iques  use a  much w ider bandwidth .  

A typ i ca l  sp read spectrum transmi tter w i l l  i n tegrate the actua l  
s igna l  w ith  a  sequence of  b it s  that  codes  ( referred to  as  pseudo-
random code)  and spreads  the s i gna l  over a  bandwidth usua l l y  
from 20 to  30 MHz. 

The spreading i s  actua l ly  accompl i shed us ing one of  two d ifferent  
methods  -  d i rect  sequence or frequency  hopp i ng .  D i rect  sequence  
spread spectrum uses  the pseudo-random code,  i n tegrated w ith  
the s i gna l ,  t o  generate  a  b i nary  s i gna l  that  can  be dup l i cated and  
synchron ized at  both  the  t ransmitter and receiver .  The  resu lt i n g  
s igna l  even ly  d istr ibutes  the power over a  w ider frequency  
spectrum . D i rect  sequence spread spectrum is  usua l ly  used t o  
t ransmit  h i gher speed  d i g i ta l  data for T1 ,  o r h igh-speed w i re less  
data networks .  

The second popu lar type  of  spread spectrum modu lat ion  i s  
frequency  hopp ing .  This  technique i s  s imi l ar to  a  convent iona l  
narrow band carri er w ith a narrow transmit  bandwidth .  Th e  
d ifference  from the former  i s  a  random hopp ing sequence w ithi n  
the tota l  channe l  bandwidth .  Spread spectrum modulat io n  
techniques  have a  p r inc i pa l  advantage over other rad i o  
techn iques :  the t ransmitted s igna l  i s  d i lu ted over  a  w id e  
bandwidth ,  whi ch min imizes  the amount  of power p resent  at  an y  
g iven frequency .  The net  resu lt  i s  a  s i gna l  that  i s  be low the no is e  
f loor of  convent iona l  narro w band receivers ,  but  i s  st i l l  w ithin  
the min imum receiver thresho ld  for a  spread  spectrum receiver .  
Whi le the receiver i s  ab le to  detect  very  l ow  s igna l  powers ,  th e  
receivers  are  a lso  des i gned to  reject  unwanted carri ers ,  i nc lud in g  
s igna ls  whi ch are  cons iderab ly  h igher i n  power than the  des i red  
spread spectrum s i gna l .  Each t ransmitter and receiver i s  
p rogrammed  w ith  un ique  spreading sequences  whi ch are  used t o  
de-spread the des i red s ignal  and spread the undes i red s ignal ,  
effect ively  cancel i ng  the no i se .  
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Two-way Radio 

Two-way rad io  systems  
have been in  common use  
s ince the 1930 ’s .  
Ori g i na l l y  used by  the  
mi l i t ary ,  var ious  federa l  
agenci es ,  po l i ce ,  f i re  and  ambu lance ,  and loca l  governments ,  i t s  
use has  expanded  to  inc lude a lmost  every  aspect  of  our socia l  
infrastructure ,  i nc lud i ng ind iv idua l  c i t i zens  us ing “Ham Radio ”  
systems .  Most  common ly  used frequenci es  are i n  the 30 ,  150 ,  450  
–  512 and 800 megahertz ranges .  Coverage i s  usua l ly  expressed i n  
terms of  “a i r  mi le  rad ius ” .  Systems in  the 150 MHz band can  
typ ica l ly  cover 15 to  30  a i r  mi les  in  rad ius  from a s ing le  
t ransmitter l ocat ion .   

The FCC has  been encourag i ng the use of  reg iona l  systems that  
incorporate a l l  s tate ,  county  and munic ipa l  agenci es  into  a  s ingl e  
group  of rad i o  channe ls .  The  ava i l ab le  rad i o  spectrum is  bei ng  re-
a l located to  accommodate these systems .  At  the same t ime ,  the  
FCC is  restr i ct ing t ransmitter power outputs  and antenna hei ght .  
Many of  the early  ( 1970s & 1980s)  system des i gns  sought  to  use  
maximum transmitter power outputs  of  more  than 100 watts  and  
very  h i gh antenna s i tes .  This  usual ly  created in terference  
problems w ith other users  on  the same rad i o  frequency .  

Today ,  many Departments  of  Transportat i on  are jo i n ing forces  
w ith pub l ic  safety  agenc ies  to  create a  common rad i o  
communicat i on  system . Thi s  a l lows  for eas i er coordi nat ion  of  
resources  to  reso lve t raff ic  inc idents .  

Wi-Fi 

Wi-Fi  Systems is  a  term that  i s  app l i ed  to  a  generi c  po int-to-
mult ipo int  data commun icat ion  serv i ce .  The  Federa l  
Communi cat i ons  Commiss ion  (FCC)  has  set  as ide  rad i o  spectrum i n  
the  900  MHz,  2GHz and 5 GHz frequency  range .  The frequenci es  
are  avai lab le for use by  the genera l  popu lat i on  and commerci a l  
enterprise .  No  l i censes  are  requ i red ,  and  the  on ly  restri ct i ons  
are that  systems not  exceed power or antenna  hei ght  
requ i rements .  Complete ru les  govern ing the use of  Wi-F i  systems  
are l i sted under FCC ru les :  T it le  47 CFR Part  15 .  

In  i ts  1989 rev is ion  of  the Part  15 ru les ,  the Commiss i on  
estab l i shed new genera l  emiss ion  l imits  in  order to  create more  
f lex ib le opportun it i es  for the development of  new un l i censed  

C o ver ag e  fo r  a l l  r a d i o  s y s te ms  i s  

ex pr e sse d  i n  t e r ms  of  “ a i r  m i le s ” ,  

be ca u se  r ad i o  w av es  ten d  to  t r a ve l  i n  

s t r a i g h t  l i n e s .   
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transmitt ing dev i ces .    These more genera l  ru les  a l l ow  th e  
operat i on of  un l icensed dev i ces  for any  app l i cat ion  p rov ided that  
the dev ice comp l ies  w i th specif i ed  emiss ion  l imi ts .   This  rev is io n  
a lso  establ i shed new “restri cted bands ”  to  protect  certai n  
sens it i ve rad i o  operat ions ,  s uch as  sate l l i te down l ink bands ,  and  
federa l  government operat ions ,  and  p rohib i ted t ransmiss ions  b y  
un l i censed dev i ces  in  those bands .  The ru les  have been  further  
modif i ed  to  add spectrum and  encourage  the  growth of  Wi-F i  
systems .  The FCC Spectrum Po l icy  Task Force i s sued a report  
from its  Un l i censed Dev i ces  and Experimenta l  L i censes  Working  
Group  i n  November 2002 . 

The fu l l  report  i s  ava i l ab le at  the fo l l ow ing web  s i te :  
ht t p :/ /www .f c c .g ov /s pt f/ f i l es /E&UWGF i na lRepor t .do c .  The  report  
takes  note of  the s i gn if i cant  growth of  Wire less  ISPs  and th e  
increas ing use of  this  serv ice to  p rov ide broadband  internet  
access  in  rura l  areas .  The  report  makes  recommendat ions  fo r  
cons iderat ion  of  increas i ng  authori zed power output  in  rura l  
areas  as  wel l  as  maki ng  addit iona l  spectrum avai lable .  

Tab le  2 -6 :  F requenc ies  fo r  Un l icensed  Rad io  Sys tems 

Bands Avai lab le for Un l icensed Spectrum 

Band Author ized Frequenci es (MHz) 

ISM/ Spread  

Spectrum 
1985 

902-928,  2400-2483.5  &  

5725-5850 

Un l icensed PCS 1993 1910-1930 & 2390-2400 

Mi l l imeterwave 1995 59,000-64,000 

U-NII 1998 5150-5350 & 5725-5825 

Mi l l imeterwave  

(Expans ion )  
2001  57,000-59,000 

Many t raff i c  s igna l  and freeway management systems are  
current ly  us i ng spread spectrum rad i o  systems  in  the ISM bands .  
The fo l low i ng tab le p rov ides  some est imates  of  the number of  
dev i ces  used in  the un l i censed spectrum -  th is  informat ion  was  
p rov ided by  the  Consumer E lectron i cs  Associat ion  (CEA)  to  th e  
FCC in  September,  2002 :  
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Tab le  2 -7 :  CE A Es t imates  o f  the  Number  o f  Low  Pow er  Rad io  Devices  

CEA Est imates of Low Power Dev i ce Usage 

Product Penetrat ion Number per 

Househo ld 

Total 

Instal led 

Base 

(mi l l i ons) 

Cord less  Phones  81 .0% 1 .50 130 .01  

Garage  Door  Openers  40 .8% 1 .29 56 .26 

Wire less  Routers  NA NA 1 . 14  

Remote Contro l  Toys  19 .5% 2 .61  54 .47 

Toy  Walk ie-ta lk ies   15 .1% 1 .85 29 .81  

Baby  Monitors  10 .5% 1 .38 15 .52 

Home Secur ity  Systems 18 .0% 1 . 10  21 .21  

Key less  Entry  Systems 

for  Cars  

26 .5% 1 .40 39 .71  

The IEEE is  work ing on  deve lop ing and improv ing a  number of  
w i re less  t ransmiss ion  standards  for Wi-F i .  The most  w idely  used  
are  the  802 .11  seri es .  The  reader shou ld  check the IEEE  web  s i te  
for the latest  standards  bei ng i ssued ,  and consu lt  w ith equ ipment  
vendors  and systems engi neers  to  determine which are  app l icabl e  
for thei r  specif i c  requ i rements .  A cont i nu ing theme throughou t  
this  handbook is  that  no s ingle system or standard is  a  so lu t io n  
for a l l  p roblems .  
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WLAN 

A wi re less  LAN lets  users  ro am around a  bu i ld ing w ith a  computer  
(equ ipped w ith a  w i re less  LAN card)  and stay  connected to  thei r  
network w ithout  being connected to  a  w i re .  The standard for  
WLANs put  out  by  the Inst itute of  E lectrica l  and  E lectron ics  
Engi neers  (IEEE)  ca l l ed  “802 .11B”  or “Wi-Fi ”  i s  maki ng WLAN u se  
faster and eas i er .  A WLAN can reach 150  m rad ius  i ndoors  and  
300 m outdoors .  WLANs requ i re a  w i red access  po int  that  
connects  a l l  the w i re less  dev ices  into  the w i red network .  

802 .11A,  i s  supposed to  t ransfer data at  even h i gher speeds  of  up  
to  54 Mbps i n  the 5 GHz band .  

802 .11B transfers  data at  speeds  of  up  to  11  Mbps in  the  2 .4 GHz  
radio  band ( a  l i cense i s  not  requ i red for this  band) .  

802 .11G ,  offers  up  to  54  Mbps data rates ,  funct i ons  in  the  2 .4  
GHz range ,  and i s  compat ib le w ith 802 .11B .  Equ ipment  us ing th e  
802 .11B standard w i l l  work i n  an  802 .11G  system . 

WLANs  are  used on  co l lege  campuses ,  i n  off i ce  bu i ld i ngs ,  and  
homes ,  a l low i ng mu lt ip le  users  access  to  one Internet  connect i on .  
WLAN hubs are  a lso  dep loyed in  many a i rports ,  and  popu la r  
commerci a l  estab l i shments  such as  coffee shops  and restaurants .  
These hubs  a l l ow  l aptop  users  to  connect  to  the Internet .  

A major drawback of  WLANs  is  the l ack of  security .  Research has  
found f l aws in  the  802 .1 1  systems .  Transmiss i ons  can  be  
intercepted maki ng i t  easy  for hackers  to  i nterfere  w ith  
communicat i ons .  Another p roblem is  overcrowding  of  th e  
bandwidth .  Too many peop le  or bus inesses  us ing WLANs in  the  
same area ,  can  overcrowd the frequency  band .  P roblems w ith  
s igna l  i nterference can occur and there  are  fears  that  th e  
a i rwaves  may become overloaded .  Desp ite these drawbacks ,  
WLANs  are  a  successfu l  and popu lar technology ,  which are  
w idespread and bei ng incorporated in to most  new l aptop  and  
persona l  d i g i ta l  ass istant  ( PDA)  computers .  

Note:  two good sources  of informati on on these types  of systems  
are the Wi-Max organ i zat ion  at  htt p :/ /www .w imax for um.c om ,  and  th e  
Wi-Fi  organ i zat ion  at  ht tp : //www.w i -f i . o r g .  

Wi-MAX 

Based  on  the IEEE 802 .16 seri es  of  standards ,  Wi-MAX i s  a  w id e  
area w i re less  system w ith a  coverage area s tated i n  terms of  
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mi les  rather than feet .  The  standard was  developed to  p rov ide  
for f ixed po int- to-mult i po int  coverage w ith broadband  
capabi l i t i es .  For the l atest  informat i on  on  the evol v ing 802 .16  
standards ,  check  the IEEE web s i te:  
ht t p :/ /g ro uper . i e ee. org /gr o ups /802/16/ i nd ex .htm l  

“ 80 2 . 1 6  i s  a  g r o u p  o f  b r o a db a n d  w i re l e s s  c o m m u n i c a t i o ns  s t a n da r ds  f o r  

m e t r o p o l i t a n  a r e a  n e t w o r ks  (M A Ns )  d ev e l o p ed  b y  a  w o r k i n g  g r o u p  o f  t h e  

I ns t i t u t e  o f  E l ec t r i c a l  a n d  E l e c t r o n ic s  E n g i n ee rs  ( I E E E ) .  T h e  o r i g i n a l  8 0 2 . 1 6  

s t a n da r d ,  p u b l i s h e d  i n  D ec e m b e r  2 00 1 ,  s p ec i f i ed  f i x e d  po i n t - t o - m u l t i p o i n t  

b ro a d b an d  w i r e l es s  s ys t e ms  o p e r a t i n g  i n  t he  1 0 -6 6  G H z  l i c e ns ed  s p e c t r u m.  A n  

a m e n d m e n t ,  8 0 2 . 1 6a ,  a pp r ov e d  i n  J a n u a r y  2 0 0 3 ,  s pec i f i e d  n o n - l i n e - o f - s i g h t  

e x t e ns i o ns  i n  t h e  2 - 1 1  G H z  s p ec t r u m,  de l i v e r i n g  u p  t o  7 0  M bp s  a t  d i s t a nc es  u p  

t o  3 1  m i l e s .  O f f i c i a l l y  c a l l e d  t h e  W i r e l es s M A N™  s p ec i f i c a t i o n ,  8 0 2 . 1 6  

s t a n da r ds  a re  e x p ec t e d  t o  e n a b l e  m u l t i m e d i a  a p p l i c a t i o ns  w i t h  w i r e l es s  

c o nn ec t i o n  an d ,  w i t h  a  r a n g e  o f  u p  t o  3 0  m i l es ,  p ro v i de  a  v i a b l e  l as t  m i l e  

t ec h no l o g y . ” 7 

Chapter seven p rov ides  a  p resentat i on  of  how the C ity  of  Irv i ng  
Texas  i s  us ing an  802 .16 based system to reduce the overa l l  cost  
of  dep loy i ng a  new centra l ly  contro l l ed  t raff i c  s i gna l  system . 

Free Space Optics (FSO) 

(FSO)  Free Space Opti cs  i s  another w i re less  system be ing used  
today .  Instead of  us ing rad io  frequencies ,  th is  system uses  a  
LASER transmi tted through  the a i r  between two po ints .  T he  
LASER can be used for transmiss ion  of  broadcast  qua l i t y  v ideo .  
These systems are  l imited to  an  effect ive range of  3 a i r mi les .  

Transmission Signaling Interfaces 

Al l  Freeway Management and Traffi c  Si gnal  systems rely  on  a  
communicat i ons  p rocess  to  support  thei r  operat i ons .  Some use a  
very  s imp le  process  w ith  “ low  speed” data  t ransmitted between a  
s ing le dev i ce and a  centra l  computer.  The bas ic  t ransmi ss ion  of  
the data ,  accompl i shed by  t ransmi tt ing b it  by  b it  over a  s ingl e  
path (w i re or some other  t ransmiss i on  medi um)  between two  
communicat i on  po ints ,  i s  ca l l ed  “seri a l ” .  Other systems use a  more  
complex process  w ith mul t i p le  b its  t ransmi tted s imu ltaneous ly  
over mult ip le  paths  between two po ints ,  or “para l le l ” .  Thi s  sect i on  
looks  at  the t ransmiss i on  of  vo i ce ,  data ,  and v i deo and th e  
various  types  of  phys i ca l  and  logi ca l  i nterfaces  used  for thi s  
purpose .  
                                                 
7 IEEE 802.16 web site – description of 802.16 service. 
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DATA & VOICE SIGNALING -  BASICS 

Carri er (the te lephone company)  operated communicat i on  
networks  are  primari ly  des i gned to  faci l i t ate the t ransmiss ion  o f  
vo ice in  e i ther analog or d ig i ta l  formats .  Duri ng the 1990s ,  many  
new te lecommuni cat ion  compani es  were formed dedi cated t o  
p rov id ing eff i c i ent  t ransm iss ion  of  data .  Some of  thes e  
companies  attempted to  bu i ld  thei r  own communicat i ons  networks ,  
but  ran  out  of  f inancia l  resources  because of  the enormous  
expense  for construct i on ,  operat ion  and mai ntenance .  Many of  
thei r  customers  wanted to  use  one  network for both  vo ice  and  
data ,  and  on ly  wanted to  dea l  w ith one  communi cat ions  p rov ider .  

Voi ce s i gna l ing in terfaces  are very  s imp le .  They are  e i ther 2  or 4  
w i re ,  and pass  frequenci es  in  the 0 to  4 ,000 Hz range .  This  sam e 
frequency  range i s  used by  modems to i nterface w ith th e  
te lephone networks .  The  modem converts  the output  of  a  
computer to  vo i ce  frequenc ies .  Traff i c  s igna l  contro l lers  have  
used modems to communi cate  over vo i ce based telephone networks  
for many years .  They  use a  combinat ion  of  d ia l-up  and pri vate l i n e  
serv i ces .  The d i g i ta l  output  of  the t raff i c  s i gna l  f i e ld  contro l le r  
i s  converted to  an  analog  format by  the modem . 

In  the early  1960s ,  the Te lephone Companies  (Carri ers )  
recogn i zed  that  customers  wou ld  want  to  t ransmit  data v i a  th e  
exis t ing networks .  The Carri ers  began to  add equ ipment  and  
processes  to  thei r networks  that  
wou ld  support  the need .  They  
started w ith the use of  pri vate  
f ixed po int- to-po int  serv i ces  and  
then added switched data  
communicat i on  serv i ces  v i a  the  
PSTN (Publ i c  Switched Te lephone Network) .  

Data can  be transmitted in  e i ther an  analog  or d i g i ta l  format and ,  
t ransmitted v i a  2 or 4 w i re  c i rcu i t .  In  an  analog system,  most  
data i s  t ransmitted  us ing a  d ia l- up  modem v i a  the PSTN.  P rivat e  
l i ne systems ( l eased from a Carri er)  norma l ly  use a  4  w i re  
communicat i on  c i rcu i t .  Some carri ers  do offer 2 w i re p rivate l i ne  
serv i ces .   P riv ate l i ne serv i ce i s  p rov ided as  e ither analog,  o r  
d ig i ta l .  P r iv ate- l ine c i rcu its  are  a lways  po i nt-to-poi nt  and never  
run  through a sw itch .  

Analog Pr ivate- l ine c i rcu its  are  norma l ly  referred to  as  3002  o r  
3004 . The 3000 des i gnat i on  refers  to  avai l ab le bandwidth .  The 2  

D at a  i s  i n f o rm a t i o n  co n t en t .  

Ana lo g  an d  d i g i t a l  a r e  f o rm a ts  

fo r  t r an s m i t t i n g  i n fo r m at i on .  
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and 4 refer to  the number of  w i res  in  the c i rcu i t .  D i g ita l  P riv ate-
l ine serv i ces  are :  DDS (Digi ta l  Data Serv i ce –  56 Kbps  or l ess ) ;  
T-1/T-3 ;  DS-1/DS-3;  Fract i ona l  T-1 ;  SONET;  Ethernet  ( a  recent  
addit i on  to  the types  of  avai l ab le serv ices) .   

Very  often ,  the terms T-1/T-3  and DS-1/DS-3 are  used  
interchangeab ly .  However,  there i s  a  fundamental  d i fference  
between the serv i ce offerings .  T-1/T-3 c i rcu i ts  are formatted by  
the Carri er into  vo ice channe l  equ iva lents .  Al l  mu l t ip lex in g  
equ ipment  w ith maintenance  and operat i on  i s  p rov ided  by  the  
Carri er .  P r i c ing for these serv i ces  i s  usual ly  regu lated by  stat e  
pub l i c  ut i l i ty  commiss i ons  ( ca l led  a  tari ff) .  DS-1/DS-3  c i rcu it s  
are  p rov ided w i thout  format .  The end-user i s  respons ib le fo r  
supp ly i ng the mu lt ip lex ing  equ ipment  to  format the  c i rcu i t .  
Mai ntenance and operat i on  i s  the respons ib i l i ty  of  the end-user .  
The Carri er i s  on ly  respons ib le for making certain  that  th e  
c i rcu it  i s  a lways  avai l ab le  for use .  Fees  for DS-1/DS-3  c i rcu it s  
are typ i ca l l y  not  regu lated ,  and are  based on  market  compet it i on .   

ELECTRO-MECHANICAL SIGNAL INTERFACES 

Electro-mechanica l  in terfaces  for data  t ransmi ss ion  and s igna l in g  
normal ly  fa l l  under the fo l l ow ing standards :  RS-232;  RS-422;  RS-
423;  RS-449;  RS-485 . Each of  these standards  p rov ides  for the  
connector w i r ing d iagrams and electri ca l  s i gnal i ng va lues  for  
communicat i ons  purposes .  These standards  were  deve loped by  the  
EIA (E lectron i c  Industri es  Al l i ance)  and the TIA 

(Te lecommuni cat i ons  Industry  Associat i on) .  More i nformat ion  can  
be  found at  the EIA web  s i te -  h tt p : / /w w w .e i a . o r g ,  and  the  TIA web  
s ite –  h tt p : // w w w . t i aon l i n e . o r g .  Not i ce in  the fo l l ow ing d iagram that  
a l l  25 p ins  of  a  25 p in  connector have an  ass igned funct i on .  Thi s  

S h ie ld S h ie ld

X M T R

R C V R

X M T R

R C V R

F igure  2 -6 :  D iagram o f  Bas ic  Connector  Wi r ing  
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i s  due to  the fact  that  the connector standard was  developed  
prior to  the deve lopment of  software that  wou ld  contro l  most  o f  
the funct i ons .  Most  personal  computers  (PC)  use a  9 p in  vari at i on .  
There  are  a lso  variat ions  that  use 3 or 5 p ins .  P lease check th e  
equ ipment  manufacturer ’ s  recommendat i ons .  Many communicat i on  
system prob lems  occur because  the  connectors  are  not  p roperly  
w i red .  Fo l low ing i s  a  l i st i ng  of  
some of the connector 
standards  that  use a  d- sub 
min iature type connector:  

•  RS 449 (EIA-449)  

•  RS 530 (EIA 530)  

•  RS-232D 

•  RS232 

•  RS366 

•  RS422 37p in  

•  RS422 9p in  

•  Seri a l  ( PC25)  

•  Seri a l  ( PC9)  

Al l  of  the  above  are  based  on  a  s imi l ar standard  and there  i s  
lat itude for manufacturers  to  use some of  the leads  i n  these  
connectors  for a  specia l  funct ion .  

If  your system i s  connected v i a  a  carri er network the  
t ransmitter- receiver cross  over i s  done in  the network .  In  a  
p ri vate network the crossover i s  accounted for i n  the bas i c  
network des ign .  Double check to  make certai n  that  the des ign  
accounts  for t ransmi tter to  receiver connect ions .  

VIDEO TRANSMISSION 

During  the  past  15 years ,  t raff i c  and  freeway management  
agenci es  have been integrat ing the use of  CCTV cameras  int o  
thei r operat iona l  p rograms .  The heavy  use of  this  technology  has  
created  a  need to  dep loy  very  h i gh  bandwidth  communicat i on  
networks .  The transmiss i on  of  v ideo i s  not  very  d i fferent from 
vo ice or data .  Video i s  t ransmitted in  e i ther an  ana log or d ig i ta l  
format .  Video t ransmitted i n  an  analog format must  t ra ve l  over  

If you are encountering a communication 
problem – check the connectors and their 

wiring pattern. Remember the basic 

elements of all communications systems: 

transmitter; receiver; medium. If the 
transmitter wire is connected to the same 

numbered pin at both ends, the receivers 

can’t hear.
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coaxi a l  cab le or f iber opt i c  cable .  The bandwidth requ i rements  
cannot  be eas i ly  hand led by  tw isted pai r  conf i gurat ions .  

Video can be t ransmitted in  a  d i g i ta l  format v i a  tw is ted pai r .  It  
can  be t ransmitted i n  a  broadband arrangement  as  fu l l  q ua l i ty  and  
fu l l  mot ion ,  or as  a  compressed s i gnal  offering l ower image or  
mot i on  qua l i t i es .  Vi a  twisted  pai r ,  v ideo i s  e i ther t ransmitted i n  a  
compressed format ,  or sent  frame-by-frame . The frame-by-fram e 
process  i s  usual ly  ca l l ed  “s low-scan v ideo” .  

Fu l l  co lor broadcast  ana log  v ideo  requ i res  a  substant ia l  amount  of  
bandwidth  that  far exceeds  the capacity  of  the typ i ca l  tw isted  
pai r  analog  vo ice  commun icat ion  c i rcu i t  of  4 KHz .  Early  
commerci a l  te lev is ion  networks  were connected v ia  Coaxi a l  cabl e  
systems prov ided by  AT&T Long Distance .  These networks  were  
very  cost ly  to  operate and maintain ,  and had a  l im i ted capabi l i ty .   

Transmiss i on of ana log v ideo requ i res  l arge amounts  o f  
bandwidth ,  and power.  The  most  common use  of  analog  v ideo  
(outs ide of  commerc i a l  broadcast  TV)  i s  for c losed  c i rcu it  
survei l l ance systems .  The cameras  used  in  these  systems  use less  
bandwidth  than t rad it i ona l  broadcast  qua l i ty  cameras ,  and  are  
on ly  requ i red to  send a s i gnal  for severa l  hundred feet .  Fo r 
t ransmiss ion  d istances  ( of  ana log v ideo)  of  more than 500 feet ,  
the system des i gner must  re sort  to  the use of  t ri ax i a l  cab le ,  o r  
f iber opt ics .  Depending upon other requ i rements ,  the  system 
des i gner can  convert  the v ideo to  another s i gna l  format .  Th e  
v ideo can  be converted to  a  rad io  ( or l i ght)  frequency ,  d ig i t i zed ,  
or compressed .  

Cab le companies  have t rad it i onal ly  converted te lev is ion  broadcast  
s igna ls  to  a  rad io  f requency .  With thi s  technique ,  they  can  
p rov ide from 8 to  40 ana log channels  in  a  cab le system us ing  
coaxi a l  cable (more  about  mult ip lex ing l ater in  th is  chapter) .  
Cab le company operators  want ing  to  p rov ide  hundreds  of  p rogram 
channels  w i l l  convert  the v i deo to  a  rad i o  frequency ,  and then  
d ig i t i ze .  The cab le company  i s  ab le to  take  advantage of us i ng  
both f iber and coaxi a l  cable .  These are  ca l led  HFC (hybrid  f iber  
coax)  systems .  F iber is  used to  get  the s igna l  from the cab l e  
company main  broadcast  center to  a  group  of  houses .  The  exis t ing  
coaxi a l  cab le i s  u sed to  supp ly  the s i gna l  to  i nd iv idua l  houses .  

Early  freeway management  systems used analog  v ideo  converted  
to  RF and  t ransmi tted over coaxia l  cab le .  Later systems us ed  
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f iber opt i c  cab le  w ith either RF s i gnal  convers ion ,  or frequency  
d iv is ion  mu l t ip lex i ng (see Mu lt ip lex ing in  th is  chapter) .  

With the in troduct i on  h i gh  bandwidth mi croprocessors  and  
eff ic i ent  v ideo compress ion  a lgorithms,  there has  been  a  shift  
f rom ana log v ideo t ransmiss ion  systems  to  d i g i ta l  systems .  New  
processes  such as  Video  over IP  ( Internet  Protocol )  and  
streaming v ideo a l l ow  for the broadcast  of  v ideo inc ident  images  
to  many user agencies  v ia  low  ( re lat i vely )  cost  communicat i on  
networks .  Before l ooki ng at  the systems ,  l et ’ s  take a  look at  the  
various  types  of  v ideo compress i on  schemes .  

VIDEO COMPRESSION 

Compressed Video -  Since the mid-1990s ,  FMS system des i gners  
have turned to  d i g i ta l  compress ion  of  v ideo to  maximize  
resources ,  and reduce overa l l  communi cat ion  systems costs .  Th e  
d ig i ta l  compress ion  of  v ideo a l l ows  system operators  to  move  
v ideo between operat ion  centers  us ing standard communicat i on  
networks  technologi es .  

Video compress ion  systems can  be d iv ided in to two categori es  –  
hardware compress ion  and  software compress i on .   Al l  v ideo  
compress ion  systems use a  Codec .  The term Codec is  an  
abbrev i at i on  for coder/decoder.  A codec  can  be either a  software  
app l i cat ion  or a  p i ece of hardware  that  p rocesses  v i deo  through  
complex a lgori thms ,  which compress  the f i l e  and then decompress  
i t  for p l ayback .  Un l i ke other ki nds  of  f i l e-compress i on packages  
that  requ i re you  to  compress/decompress  a  f i l e  before v iew ing ,  
v ideo codecs  decompress  the  v ideo on the f ly ,  a l low ing immedi at e  
v iew ing .  This  d iscuss ion  w i l l  focus  on  hardware  compress i on  
techno logi es .  

VIDEO CODECS 

Codecs  work i n  two ways  -  us ing tempora l  and spat i a l  compress i on .  
Both schemes genera l l y  work w ith " l ossy "  compress ion ,  which  
means  informat i on  that  i s  redundant  or unnot i ceab le  to  the  
v iewer gets  d iscarded ( and hence i s  not  retri evab le ) .  

Tempora l  compress ion  i s  a  method of compress ion  whi ch l ooks  fo r  
informat i on  that  i s  not  necessary  for cont inu i ty  to  the human ey e  
It  l ooks  at  the v ideo informat ion  on  a  frame-by-frame bas is  fo r  
changes  between frames .  For examp le ,  i f  you're work ing w ith  
v ideo of  a  sect ion  of  freeway ,  there's  a  l ot  of  redundant  
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i nformat i on  in  the image .  The background rare ly  changes  and  most  
of  the mot i on  i nvo lved  i s  fro m vehi c les  pass ing through the  scene .  
The compress ion  a lgori thm compares  the  f i rst  frame ( known as  a  
key  frame)  w ith the next  ( ca l l ed  a  de lta frame)  to  f ind  anythin g  
that  changes .  After the key frame,  i t  on ly  keeps  the  informat i on  
that  does  change ,  thus  de let ing  a  l arge  port i on  of  image .  It  does  
this  for each frame . If  there i s  a  scene change ,  i t  tags  the f i rs t  
frame of the new scene as  the next  key  frame and cont inues  
comparing the fo l low ing frames w ith thi s  new key  frame . As  th e  
number of  key  frames  increases ,  so  does  the  amount  of  mot io n  
de lay .  This  w i l l  happen if  an  operator i s  pann ing a  camera fro m 
left  to  r i ght .  

Spat i a l  compress i on  uses  a  d ifferent  method to  de let e  
informat ion  that  i s  common to the ent i re  f i le  or an  ent i re  
sequence w ithin  the f i l e .  It  a lso  looks  for redundant informati on ,  
but  i nstead of  specify ing each p ixe l  i n  an  area ,  i t  def ines  that  
area us i ng coord i nates .  

Both of  these compress i on  methods reduce  the  overa l l  
t ransmiss ion  bandwidth requ i rements .  If  this  i s  not  suff i c ient ,  
one can  make a l arger reduct ion  by  reduci ng the frame rate (that  
i s ,  how many frames of  v i deo go by in  a  g iven  second) .  Dependi n g  
on  the degree of  changes  one makes  in  each of  these areas ,  th e  
f ina l  output  can  vary  great ly  in  qua l i ty .  

Hardware  codecs  are  an  eff i c ient  way  to  compress  and  
decompress  v ideo f i l es .  Hardware  codecs  are  expens i ve ,  but  
de l i ver high-qua l i ty  resu lt s .  Us i ng a  hardware-compress i on  dev i ce  
w i l l  del i ver h i gh-qual i ty  source v ideo ,  but  requ i res  v iewers  to  
have the same decompress ion  dev i ce i n  order to  watch i t .  
Hardware  codecs  are  used often  i n  v ideo conferenci ng,  where  th e  
equ ipment  of  the aud ience and the broadcaster are  conf igured i n  
the same way .  A number of  standards  have  been deve loped  for  
v ideo compress i on –  MPEG, JPEG,  and v ideo conferencing .  

 

VIDEO COMPRESSION 

MPEG stands  for the Mov ing  P icture  Experts  Group .  MPEG is  an  
ISO/IEC work ing group ,  establ i shed in  1988 to develop  standards  
for d i g i ta l  aud i o  and v ideo formats .  There  are  f ive MPE G 
standards  being used or in  deve lopment .  Each compress i on  
standard was  des i gned w i th a  specif i c  app l i cat ion  and b i t  rate i n  
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mind ,  a lthough MPEG compress ion  sca les  wel l  w ith increased b i t  
rates .  

Fo l l owing  is  a  l i s t  of  v ideo compress i on  s tandards :  

•  MPEG-1  -  des i gned for t ransmiss ion  rates  of  up  to  1 .5  
Mbit/sec –  i s  a  standard for the compress i on  of  mov ing  
p ictures  and aud i o .  This  was  based on  CD-ROM v ideo  
app l i cat ions ,  and  i s  a  popu lar standard  for v ideo  on  the  
Internet ,  t ransmitted as  .mpg f i l es .  In  addit ion ,  l evel  3  of  
MPEG-1  i s  the most  popu lar s tandard for d i g i ta l  compress ion  
of aud i o--known as  MP3 . Thi s  standard i s  ava i l able  i n  most  
of  the v i deo codec un its  supp l i ed  for FMS and traff ic  
management  systems .  

•  MPEG-2  -  des i gned  for t ransmiss ion  rates  between 1 .5  and  
15 Mbit/sec –  i s  a  standard  on  whi ch Di g ita l  Telev is i on  set  
top  boxes  and  DVD compress ion  i s  based .  It  i s  based  on  
MPEG-1 ,  but  des i gned for the compress i on  and t ransmiss ion  
of  d i g i ta l  broadcast  te lev is ion .  The  most  s i gn i f i cant  
enhancement  from MPEG-1  i s  i ts  abi l i t y  to  eff i c i ent ly  
compress  interlaced v ideo .  MPEG-2 sca les  wel l  to  HDTV 
reso lut i on  and b i t  rates ,  obv iat ing the need for an  MPEG-3 .  
This  standard is  a lso  p rov ided in  many of  the v ideo codecs  
supp l i ed  for FMS.  

•  MPEG-4 –  a  standard for mu lt imedi a  and Web compress i on  -  
MPEG-4  is  an  object-based  compress ion ,  s imi l ar  in  nature  to  
the Vi rtua l  Real i ty  Model i ng Language (VRML) .  Ind iv idua l  
objects  w ithin  a  scene  are t racked separately  and  
compressed together to  create an  MPEG4 f i l e .  The f i les  are  
sent  as  data packages  and assembled  at  the v i ewer end .  Th e  
resu lt  i s  a  h i gh qua l i ty  mot i on  p i cture .  The more  image data  
that  is  sent  the greater the lag-t ime ( or latency)  before the  
v ideo begins  to  p l ay .  Current ly ,  th is  compress i on  standard is  
not  su ited for rea l-t ime traff ic  observat ion  systems that  
requ i re pan- t i lt- zoom capab i l i ty .  The “forward and store ”  
scheme used in  th i s  system inhib its  eye-hand coord inat ion .  
However,  th is  i s  an  evo lv i ng standard .  The l atency  facto r 
between image capture and image v iew i ng i s  being reduced .  
The latency  factor can  be reduced to  a  mi n imum if  the image  
and mot i on  qua l i ty  do not  have to  meet  commerc ia l  v i deo  
p roduct ion  standards .  Most  survei l lance systems can  
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funct i on  w ithout  this  qua l i ty  and can  use pan-t i lt- zoom 
funct i ons .  

•  MPEG-7  -  th is  standard ,  current ly  under deve lopment ,  i s  a lso  
ca l led  the  Mu lt imedi a  Content  Descrip t ion  Interface .  When  
re leased ,  i t  i s  hoped that  this  s tandard wi l l  p rov ide a  
framework for mu lt imedi a  content  that  w i l l  i nc lude  
informat i on  on  content  manipu lat i on ,  f i l tering  and  
persona l i zat i on ,  as  we l l  as  the in tegrity  and securi ty  of the  
content .  Contrary  to  the p rev ious  MPEG standards ,  which  
described actua l  content ,  MPEG-7 w i l l  represent  informat ion  
about  the content .   

•  MPEG-21  -  work on  this  standard ,  a lso  ca l l ed  the Mult imedi a  
Framework,  has  just  begun .  MPEG-21  w i l l  attempt  to  
describe the elements  needed to  bu i ld  an  infrastructure for  
the del i very  and consumpt i on  of  mu l t imedi a  content ,  and how  
they w i l l  re late to  each other.   

•  JPEG -  stands  for Joint  Photographi c Experts  Group .  It  i s  
a lso  an  ISO/IEC work ing group ,  but  works  to  bu i ld  standards  
for cont i nuous  tone image cod ing .  JPEG i s  a  l ossy  
compress ion  technique used  for fu l l - co lor or gray-scal e  
images ,  by  exp lo it i ng  the fact  that  the human  eye  w i l l  not  
not i ce sma l l  co lor changes .  Mot ion  JPEG i s  a  standard that  i s  
used  for compress i on  of  images  t ransmitted  from CCTV  
cameras .  It  p rov ides  compressed mot i on  in  the same manner  
as  MPEG,  but  i s  based on  the  JPEG standard .   

•  H.261  -  i s  an  ITU standard des i gned for two-way  
communicat i on  over ISDN l ines  (v ideo conferencing)  and  
supports  data rates  whi ch are mu lt ip les  of  64Kbit/s .   

•  H.263  -  i s  based  on  H .261  w ith enhancements  that  improve  
v ideo qua l i t y  over modems .  

STREAMING VIDEO 

Streaming  v ideo re l ies  on  the v ideo compress ion  standards  l i s ted  
above,  and p rimari ly  on  the MPEG-4 v ideo CODEC . Streaming v ideo  
i s  not  a  t ransmiss ion  techni que .  Streaming v ideo i s  a  p rotocol  fo r  
the eff ic i ent  movement of  entertai nment  (or news broadcasts)  to  
ind iv idual  u sers  v ia  the in ternet .  

A streaming v ideo system requ i res  the use of  a  v ideo server t o  
store  content  that  i s  downloaded to  the end user v i a  a  
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communicat i ons  network .  The f i rst  few seconds of  the  p rogram 
are forwarded to the v iewer,  w ith the addit iona l  i nformat ion  
downloaded as  the f i rs t  images  are bei ng v iewed .  This  p rov ides  
the end user w ith a  cont inuous  p rogram , or “stream’  o f  
informat i on  –  hence ,  the term streaming v ideo .  

Streaming  v ideo can  be used to  p rov ide  t rave lers  w ith  delayed (by  
f ive  to  ten  seconds)  images  from traff ic  intersect ions ,  o r l i ve  
reports  from transportat ion  management centers .  This  technique  
can  a lso  be  used to  connect  publ i c  safety  agenci es  to  d i rect  v ideo  
feeds  from traff i c  i nc ident  l ocat ions  v i a  the  internet ,  or an  
int ranet .  The v ideo codecs  used to  support  streaming are  
software  based ,  not  hardware based .  Severa l  common v ideo  codec  
app l i cat ions  are  in  u se  throughout  the world .  Your desktop  PC  
probab ly  has  two (or more)  of  these app l i cat ions .  Microsoft ’ s  
“Windows Media P layer”  and  App le ’ s  “Quickt ime” are two of th e  
most  popu lar .  Rea l  Networks  has  a  very  popu lar media  p l ayer .  
These medi a p layers  are des igned to  p l ay  mu l t ip le  types  of  medi a  
f i l es .  Almost  a l l  PC  manufacturers  inc lude medi a p l ayer software  
as  part  of thei r package .  A d iscuss i on of  Video over  IP  and  
Ethernet  w i l l  be p resented in  chapters  7 and 9 .  

Basic Telephone Service 

This  sect ion  w i l l  look at  the vari ous  aspects  of  bas i c  vo ice and  
analog telephone serv ices  i nc lud ing d ia l-up  and  speci a l  serv i ce  
vo ice and data c i rcu its .  The primary  reason for exi stence of  
t rad it i onal  te lephone  ( inc lud ing  ce l l u l ar)  carri ers  i s  to  p rov ide  
person-to-person vo i ce communicat i ons .  This  fact  w i l l  cont inue to  
remain  t rue as  l ong as  our p resent  system of telecommunicat i ons  
endures .  Certain ly ,  the methods  and processes  used  to  p rov id e  
that  communicat ion  have gone through tremendous  change in  the  
past  25 years ,  however,  we  can  count  on  the bas i c  p rocess  t o  
cont inue to  be used into the foreseeab le future .  Voi ce  over IP  
(VoIP)  i s  beginn ing to  emerge as  a  rep lacement for t rad it i ona l  
sw itched ana log vo i ce serv ices .  Duri ng the writ ing  of  thi s  
handbook,  most  of  the major communi cat ion  carri ers  announced  
that  construct i on  investments  wou ld  be shifted to  “Internet  
Te lephony ”  systems (the carr ier term for VoIP) . 
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P .O .T .S . ,  or  d i a l-up ,  i s  the term for the  p rimary  
te lecommuni cat ion  serv ice that  we  a l l  use today .  The serv i ce  i s  
a lways  ana log (to the end user) ,  i s  a lways  sw itched,  and i s  a lways  
2-w i re .  The ca l l  p rocess  in vo lves  a  p rotocol  that  keeps  telephone  
sets  in  an  “ id le ”  status  unt i l  a  user wants  to  make a  ca l l .  It  i s  
important  to  understand this  p rotocol ,  because the  d ia l- up  

modems  used on  a  170 ,  2070 ,  or NEMA traff ic  s igna l  contro l l er ,  
or an  ITS dev i ce such as  a  Vari ab le Message Sign ,  must  fo l l ow  
the same process .  The process  invo lves  us ing a  te lephone  number  
to  ident i fy  the other end of  the communi cat ion  c i rcu i t .  When  
maki ng  a  norma l  vo ice te lephone ca l l  th is  may not  seem l i ke a  ve ry  
lengthy p rocess .  However,  use this  p rotoco l  i n  a  system that  
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F igure  2 -7 :  I l lus t ra t ion  o f  Bas ic  Te lephone  Ca l l  Process  
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requ i res  po l l i ng w ith fast  turn-around t imes ,  and the  p rocess  
won ’ t  work .  The reader shou ld  note that  P .O .T .S .  i s  a  shared  
system and that  connect ions  between any  two po ints  are not  
guaranteed .  Also ,  a  d ia l-up  connect i on  p resents  the  poss ib i l i ty  o f  
a  securi ty  breach that  can  be used to  corrupt  the system . 

Speci a l  serv i ce or f ixed po int-to-poi nt  telephone c i rcu its  are  
used to  d i rect ly  connect  f i e ld  dev i ces  to  a  contro l  po i nt ,  or one  
t raffic  contro l  center to  another,  or in  any  p rocess  where  
immediate  and guaranteed  communi cat ion  i s  requ i red .  These  
c i rcu its  are  specif i ca l ly  des i gned and constructed for the use  o f  
a  s ing le customer.  They  are  never routed through a  sw itch .  
Customers  pay  an  i n i t i a l  fee  for i nsta l l at i on  of  the  serv ice ( this  
i s  ca l led  a  non- recurri ng charge) ,  and  a monthly  ( recurri n g  
charge)  use,  d istance ,  and ma intenance fee .  

Severa l  types  of  specia l  serv ice c i rcu its  are avai l ab le .  The most  
common are  2 and  4  w i re  –  genera l ly  referred  to  as  3002 and  
3004 . Others  p rov ide for specia l  s i gna l ing such as  E&M (Ear &  
Mouth) ,  FXO/FXS (Forei gn  Exchange Offi ce/Stat ion) ,  AR D  
(Automati c R i ng-down) .  

Traffi c  Si gnal ,  Freeway Management and ITS systems requ i r ing  
the use of  analog speci a l  serv ice genera l ly  use 3002 and/or 30 04  
te lephone c i rcu its .  In  c i rcumstances  where a d i rect  vo i ce l i nk i s  
requ i red between a  TOC and a  f ie ld  off ice ,  or Pub l i c  Safety  
Dispatch Po i nt ,  an  ARD ci rcu i t  can  be used .  

Multiplexing 

Mult ip lex i ng  i s  the p rocess  of  combin i ng  two  or more  i nformat i on  
channels  i nto  a  s i ng le t ransm iss ion  medium .  There  are  a  number of  
d ifferent  standards  that  can  be app l i ed  to  the p rocess .  Many  
standards  are  common and  are app l i ed  by  manufacturers  and  
carri ers  on  a  world-w ide bas is .  This  assures  that  a  mu l t ip lex in g  
p rotoco l  used in  Japan can  a lso  be used in  Braz i l ,  Kansas ,  New  
York ,  or Tu lsa .  

This  sect ion  w i l l  focus  on  two of  the  most  common  types  of  
mu lt ip lex ing –  TDM (t ime d iv is ion  mu lt ip lex ing) ,  and  PDM (packet  
d iv is ion  mu lt ip lex ing .  Addit i onal ly ,  th is  sect i on  w i l l  describe th e  
p rimary  mu lt ip lex ing p rotocol  i n  use in  North Ameri ca:  T-1 .  

T-1  was  the bas i c  type of  mult ip lex ing  scheme se lected by  Be l l  
Labs  for h i gh capacity  communicat i on  l i nks .  It  i s  so  pervas ive i n  
the world  w ide te lephone network ,  that  rep lacement p rotoco ls  a re  
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just  bei ng in troduced .  A second type  of  mult ip lex ing  –  Packet  -   
w i l l  a lso  be d iscussed ,  because this  i s  now bei ng  used to  support  
the convers i on  of  the te lephone networks  from ana log to  d ig i ta l .  
Packet  mult ip lex i ng i s  used to  support  IP  and Ethernet .  

TIME DIVISION MULTIPLEXING 

Time Div is i on  Mult ip lexi ng i s  a  method of putt ing mul t i p le  dat a  
streams  in  a  s i ng le communi cat ion  channe l ,  by  separat i ng i t  into  
many segments .  Each segment  is  of  a  very  short  durat ion  and  
a lways  occurs  at  the same po int  in  t ime w ithin  the main  s i gnal .  I n  
TDM, there i s  a  d i rect  re lat ionsh ip  between the connect i ons  
(ports)  on the mu lt ip lex ing hardware and the  mu lt ip lex in g  
p rotoco l .  The  data  for port  number one of  the mul t ip lexer a lways  
fa l l s  w ithin  the same t ime period  (t ime frame #1)  -  because th e  
ori g inat i ng end mult ip lexer  a lways  p l aces  the data for each  
communicat i on  port  at  the  same p lace .  

In  t ime,  the rece iv ing end  mult ip lexer i s  ab le to  funne l  data to  
the correct  port .  There  is  no  data added to  the b it  s tream t o  
ident ify  the data .  With TDM,  the genera l  ru le i s  “t ime s lot  
(frame)  one =  communi cat i on  port  one” .  A T-1  mu lt ip lexer has  24  
ports  (one for each t ime s lot) .  Therefore ,  t ime s lot  one =  port  
one;  t ime s lot  two =  port  two;  etc .  In  a  TDM transmiss i on ,  each  
t ime s lot  i s  a lways  p resent  even if  on ly  one t ime s lot  actual ly  h as  
data .  The bandwidth  is  a lways  used .  
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PACKET DIVISION MULTIPLEXING 

Packet  Div is ion  Mu lt ip lex ing  (PDM) i s  a  method of breaki ng the  
data into  mu lt ip le  groups .  Each group  i s  g iven  an  ident i ty  at  th e  
ori g inat i on  so  that  the mu lt ip lexer at  the receiv i ng end can  
assemble groups  of  data to  re-create the informat i on  as  i t  was  
ori g inated .  In  theory ,  many informat i on  sources  can  be funne led  
through a  s ing le communicat i on  port  on  both ends .  In  some packet  
mult ip lex ing schemes ,  the s i ze of  the packet  –  the amount  of  dat a  
inc luded –  can  vary  to  p rov ide greater throughput  of  informat i on .  
With packet  mu lt ip lex ing,  the bandwidth used never exceeds th e  
tota l  amount  of  data in  a l l  packets  bei ng t ransmitted .  The PD M 
scheme is  important  because i t  i s  the bas i s  for the new  
generat ion  of  broadband communi cat ion  p rocesses .  Ethernet  i s  a n  
examp le of  a  t ransmiss i on p rotocol  that  re l i es  on  packet  d iv is ion  
mult ip lex ing .  

TDM is  exce l lent  for support ing vo i ce communi cat i ons  and  
broadcast  qual i t y  v ideo ,  because each serv i ce  gets  the amount  o f  
bandwidth requ i red .  PDM i s  exce l lent  for data t ransmiss io n  
because i t  on ly  uses  the bandwidth requ i red and requ i res  l ess  
hardware .  The technologi es  of  TDM and PDM have both been  
avai l ab le  for many years .  TDM was  more  broad ly  dep loyed  becaus e  
i t  su ited the requ i rement  of  the te lephone compani es  to  p rov id e  
h igh qual i t y  vo i ce communicat ions .  However,  w ith recent  advances  
in  communi cat ion  technology  this  i s  changi ng .  
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The fo l l ow ing tab le p rov ides  a  comparison  of  packet  and  t im e  
d iv is ion  mu l t ip lex i ng:  

Tab le  2 -8 :  Compar ison  o f  TDM  & P DM  

Time D i v i s i o n  Mu lt i p l ex i n g  Pa c ke t  Mu l t i p l ex i n g  

F ixe d  B an dw id t h  Ban dw id t h  V ar i e s  Ba sed  on  Ne ed  

D at a  P l a c ed  i n  T im e  Fr a mes  D at a  P l a c ed  i n  P a ck e ts  

D at a  f o r  i n d i v i d u a l  c h an n e l s  a lw a y s  

i n  s am e  p l a ce  

D at a  fo r  i n d i v i d u a l  c h an n e l s  

i den t i f i ed  w i t h i n  pa ck e ts  

Ide a l  fo r  t r an s por t i n g  v o i c e  &  

v i de o  

Ide a l  f o r  t r an sp or t i n g  da t a  

 

T-1 COMMUNICATION SYSTEMS 

The T-1  based d i g i ta l  network has  been under development  fo r 
more  than 40 years .  During this  t ime ,  a  h iera rchy  of  t ransmiss ion  
leve ls  has  been imp lemented through a w ide var iety  of  equ ipment .  
The primary  dev i ce  i s  
a  channel  bank which  
can be arranged to  
carry  many d ifferent  
vo ice ,  analog data ,  or  
d ig i t a l  data s i gna ls .  
Port  cards  in  the  
channel  bank are  used  
to  support  the type  
of  inputs  i nto  the T-1 .  
The most  common are  
vo ice  (POTS) ,  and  
d ig i ta l  data (DDS) .   

A T-1  contains  24  
s igna ls  ( or channe ls ) .  Each channel  i s  represented by  8  b i ts ,  for a  
tota l  of  192 b i ts  w ith i n  a  s ing le frame . A b i t  i s  added fo r  
management  (synchron i zat ion ,  erro r checki ng ,  etc) ,  and  the resu l t  
i s  a  T-1  frame .  Because the samp l ing rate of  each channel  i s  800 0  
t imes per second ,  a  T-1  contains  8000 frames ,  or 1 ,544 ,000 bits .  
In  a  TDM system,  each channel  i s  recogn i zed  w ithi n  each frame at  

T-1  Ana log to  D i g ita l  Convers ion  
Process  A vo i ce s igna l  i s  changed from 
analog to  d i g i ta l  w ithin  a  channel  bank  
by  two processes .  F i rst ,  the ana log  
s igna l  i s samp led 8000 t imes  each  
second .  Each samp le i s  converted to  a  
d iscrete vo ltage leve l .  Second ,  each  
vo l tage is  converted to  a  b i nary  cod e  
represented by  an  8 b it  word .  
Therefore ,  8000 samples  t imes  8 b it s  
i s  64 ,000 bits  –  a  DS-0  communi cat ion  
channel .  
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exact ly  the same po i nt  in  t ime .  That  is  -  for examp le -  channe l  
one never appears  in  a  channel  f i ve t ime s lot .  

This  most  common form of mult ip lex ing i s  used primari ly  for vo i ce  
channel  serv i ces .  In  fact  a lmost  a l l  P .O .T .S .  and  Specia l  Serv i ce  
communicat i on  c i rcu its  are  mul t ip lexed  for t ransport  between  
Te lephone Company Centra l  Offices .  Mu lt ip lex ing ( from the  
te lephone company perspect ive)  was  developed to  obtai n  
eff ic i ency  i n  the  use of  the  avai l ab le communi cat ion  cab le  p lant .  
The te lephone compani es  were  ab le  to  p rov ide serv i ces  to  more  
customers  w ithout the  expens ive ins ta l l at i on  of  new  
communicat i on  cab les .  

There  were  a  number of  early  attempts  at  p rov id ing an  eff i c ient  
mu lt ip lex ing p rotocol ;  for vo ice based serv ices ,  but  the carri ers  
had to  cons ider the overa l l  qua l i t y  of  the vo i ce communicat i on .  
U lt imate ly ,  the standard for “to l l -grade” vo i ce was  set  as  th e  
t ransmiss ion  of  frequenci es  between 0 Hz and 4000 Hz.  

The vo ice frequencies  are  d i g i t i zed for mu lt ip lex ing v i a  a  p rocess  
that  samp les  the frequenci es  at  8000 points  in  one  cyc le (Hz)  in  a  
period  of  one second .  Each d ig i ta l  s amp le po int  i s  p roduced as  an  
8 b i t  character .  Therefore ,  each vo i ce  channe l  uses  64 ,000 bi t s  
per second .  Twenty-four vo ice channe ls  are  combined in to  a  s ing l e  
mu lt ip lexed communicat i on  channel  referred to  as  a  T-1 .  

Because  the  telephone  company  needs  to  monitor and  manage the  
T-1  c i rcu it ,  i t  “steals ”  8000 b its .  A few b its  are taken from each  
samp le po i nt ,  and  the ca l l er never not i ces  a  reduct ion  i n  qua l i ty .  

Most  data t ransmiss i on  i s  accomp l i shed us i ng a  d ia l-up  modem .  
The modem converts  the data output  of  a  computer ( or other  
dev i ce –  t raff i c  s i gnal  f ie ld  contro l l er ,  dynamic message s ign ,  
etc .)  to  a  VF (vo i ce frequency)  s igna l .  This  s i gna l  i s  t reated as  i f  
i t  were a  P .O .T .S telephone  ca l l .  The modem d i a ls  a  telephone  
number associ ated w ith another modem and a  connect i on  i s  mad e  
v ia  the  sw itched vo i ce network .  The te lephone network does  not  

PC MODEM

Computer – Digital 
Output

Modem – Voice 
Frequency Output

F igure  2 -10 :  D iagram o f  Computer  D ig i ta l  O utput  Conve r ted  to  Ana log  us ing  a  M ODEM  
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treat  the ca l l  as  if  i t  were  somethi ng speci a l .  In  terms of  T- 1  
mu lt ip lex ing ,  i t  i s  t reated as  if  i t  were a  normal  te lephone ca l l .  

Mult ip lex i ng does  reduce some of the overa l l  qua l i ty  of  the  
t ransmiss ion ,  but  does  not  affect  i ts  usabi l i ty .  Unfortunate ly ,  
each s tep  in  the  process  of  gett ing data t ransmitted  from on e  
locat ion  to  another can  introduce a  p rob lem . Therefore ,  wh en  
t roub leshoot ing ,  i t  i s  important  to  check every  segment  of  th e  
t ransmiss ion  path and a l l  at tached equ ipment  –  especi a l l y  if  th e  
t roub le cannot  be found at  e ither of  the terminat ion  po ints .  T- 1  
mu lt ip lexers  are  des i gned to  convert  ana log s igna ls  to  d ig i ta l ,  
therefore ,  data output  by  a  computer must  be converted to  
analog before  being mult ip lexed .   

In  addit ion  to  d i a l-up  data t ransmiss ion ,  the te lephone companies  
offer two  addit iona l  serv i ces :  2/4 w i re  ana log c i rcu its  ( as  
ment ioned above)  and  DDS (Digita l  Data Serv ice) .  The 2/4 w i re  
serv i ces  are  genera l ly  used for t ransmiss i on  rates  of  9600 b i t s  
per second,  or s lower.  DDS (ori g i na l l y  offered for data rates  
from 2400  bit s  per second  and h i gher)  i s  used primari ly  for dat a  
t ransmitted  at  56 ,000  bit s  per second .  A DSU/CSU is  requ i red to  
cond it i on  a  d i g i ta l  output  from a computer to  a  format that  w i l l  
t ravel  over te lephone l i nes .  Because  the s igna l  i s  no  longer  
analog,  a  speci a l  i nterface  card must  be ins ta l l ed  in  the T- 1  
mu lt ip lexer (see be low) .  

TRANSPORTING DIGITAL COMMUNICATIONS VIA AN ANALOG NETWORK 

Whenever a  d ig i ta l  s i gnal  i s  be t ransported v ia  the publ i c  
te lephone network it  must  be  “condit i oned” for t ravel .  Thi s  i s  
because the bas i c  w i ri ng  infrastructure was  des i gned t o  
transport  an  analog communi cat ion  s igna l .  Ana log communi cat ion  i s  
accomp l i shed by  prov id ing a  variable e lectri ca l  s i gna l  whi ch vari es  
as  the frequency  of  a  human speaking .  Changes  in  vo lume and  
p i tch are represented by  a  smooth f low i ng e lectri ca l  current  w it h  
pos it i ve and negat ive va lues .  A d ia l-up  modem converts  you r  
computer output  to  a  seri es  of  ana log  tones  whi ch  can  b e  
transported v ia  the network in  the same manner as  a  vo i ce  
te lephone ca l l .  
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Digita l  s i gna ls  are d ifferent .  Data i s  represented  by  th e  
p resence,  or absence of  an  e lectri ca l  s i gna l  –  “on  or off” .  “On”  
represents  1 ,  “off ”  represents  0 .  E lectri ca l  s i gnal s  can  hav e  
either a  pos it ive ,  or a  negat ive va lue .  The d ig i ta l  output  of  you r  
computer must  be converted to  somethi ng that  is  compat ib le w ith  
the exist i ng te lephone network .  A Data Serv i ce Uni t  (DSU)  i s  
used to  convert  the on/off  e lectri ca l  s i gnal  to  someth ing that  
looks  l i ke an  analog s igna l .  E lectri ca l  v o ltages  represent i ng 1  are  
g iven a lternat ing pos it i ve  and negat ive va lues .  The momentary  
absence of an  e lectri ca l  s i gnal  i s  ass i gned a zero va lue .  The DS U 
is  norma l ly  used in  conjunct i on  w ith a  Channe l  Serv i ce Un it  (CSU) .  
The CSU is  used as  a  management too l  to  make  certai n  that  th e  
communicat i ons  l i nk  i s  performing  to  speci f icat i on .  

High Capacity Broadband Transmission 

This  sect i on  describes  various  h i gh capacity  and broadband  
transmiss ion  systems .  When the  telephone  compani es  f i rs t  
dep loyed  T-1  serv i ces ,  they  ca l l ed  thi s  “High Capaci ty ”  d i g i ta l  
serv i ces .  Video t ransmiss ion  for broadcast  or conferenc ing used  
mult ip le  T-1 s ,  or mu lt ip le  T-3 c i rcu its .  With the deregu lat ion  o f  
te lephone companies  and the  ri se  in  demand for very  h i gh  
capacity ,  a  new type of  serv ice was  developed –  broadband .  As  
exp la i ned ,  T-1 ’ s  are formatted by  the te lephone carri ers ,  but  
large  corporate users ,  government ent it i es ,  and  even the  hom e 
user want  un-formatted bandwidth  to  be avai l able  for  a  l arge  
number of  serv i ces .  

#1

#24

#17

#8
T-1 Multiplexer

(up to 24 COM Ports)

17

24

8

1

Analog – Voice 
Frequency

T-1 S ignal

F igure  2 -11 :  D iagram o f  Ana log  Inputs  to  T- 1  M ux
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T-1/DS-1 & T-3/DS-3 

T-1  and DS-1  serv i ces  are  f ixed po i nt-to-poi nt  systems,  and  
dedi cated to  a  s ing le customer.  These types  of  serv i ces  are most  
often  used to  connect  Traff i c  Operat i ons  Centers .  They may a lso  
be used to  bring the data and v ideo images  from a sect i on  of  
freeway back to  a  TOC . 

DDS are  d i g i ta l  vo i ce channe l  equ iva lents  as  described  prev ious ly  
and are used as  a  f i xed po int-to-poi nt  serv i ce .  T-1  serv i ce i s  
channel i zed to  accommodate 24 DDS ci rcu it s .  

The terms T-1  and DS-1  are often used in terchangeab ly ,  but  each  
i s  a  d ist inct ly  d ifferent  serv ice p rov ided by  telephone compani es  
and carri ers .  T-1  serv i ce i s  channel i zed w ith the carri er p rov id ing  
a l l  mu lt ip lex ing ( channel  banks)  equ ipment .  The customer i s  
p rov ided w ith 24 DS-0 interfaces .  Each DS-0 in terface has  a  
maximum data capaci ty  of  56  kbps  (or can  accommodate  one vo i ce  
c i rcu it ) .  The customer tel ls  the carri er how to conf i gure th e  
loca l  channel  bank (mu lt ip lexer) .  

DS-1  serv i ce a l l ows  the customer to  conf i gure the hi gh speed  
c i rcu it .  The customer prov ides  ( and i s  respons ib le for  
maintai n ing)  a l l  loca l  equ ipment  –  mu l t ip lexer,  and DSU/CSU. Th e  
carri er p rov ides  ( and mai ntains )  the t ransmiss i on  path .  The  
customers  can  channel i ze the DS-1  to  thei r  own specif i cat ions  as  
long as  the bandwidth requ i red does  not  exceed 1 .536 mbps ,  and  
the DS-1  s i gna l  meets  app l i cab le  AT&T, Be l lcor (Telcord ia)  and  
ANSI standards  (these s tandards  are now maintai ned and  
avai l ab le  through Telcord ia) .  

Customers  may purchase fract i onal  serv i ce to  save money .  In  thi s  
case ,  they  don ’ t  pay  for a  fu l l  T-1  or DS-1 .  However,  th e  
economies  for this  type  of  serv i ce are  on ly  rea l i zed for longer  
d istances .  The l oca l  l oop  ( l i nk)  for Fract i ona l  T-1  i s  s t i l l  charged  
at  the fu l l  serv ice rate .  

T-3 and DS-3 serv i ces  are  essent ia l ly  h igher bandwidth  variants  
of T-1  and DS-1 .  The T-3 prov ides  e ither 28 T-1s  or 28 DS-1s ,  
and  the DS-3 prov ides  about  44  mbps of  cont i guous  bandwidth .  
DS-3s  are  used for D is tance Learn ing and broadcast  qual i t y  
v ideo .  They are  a lso  used in  enterprise networks  to  connect  major  
off i ce centers .  

T-1 ,  DS-1 ,  T-3 ,  and DS-3 have the fo l low ing characteri st i cs :  

•  They are  a l l  p ri vate l i ne serv ices  
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•  They are  a l l  p rov ided on a  f i xed po int- to-point  bas is  

•  Most users  pay  for the i nsta l lat ion  of  the serv i ce 

•  Users  pay  a  monthly  fee based on  d is tance –  very  l arge  
corporate  customers  are  able to  negot i ate favorable  rates  
for DS-1  and  DS-3 serv i ces .  

•  Users pay  a  f ixed  monthly  connect ion  and maintenance fee  

DSL 

DSL (Digita l  Subscriber Loop)  serv i ces  are  DS-1  and Fract iona l  
DS-1  var i ants  that  use exis t ing P .O .T .S .  serv i ce telephone l i nes  
to  p rov ide  broadband serv i ces  at  a  substant i a l ly  lower cost .  Loca l  
DS-1  serv i ce starts  at  $500  per month .  Bas i c  DSL serv ice starts  
at  less  than $50 per month .  The primary  d i fference  between th e  
serv i ces  i s  that  DS-1  i s  setup  as  a  p ri vate  l i ne  system w i th f ixed  
communicat i on  po ints .  DSL serv i ce is  typ i ca l ly  used to  p rov id e  
broadband i nternet  connect iv ity .  Some carri ers  w i l l  create a  
“quas i ”  p r ivate c i rcu i t  by  l i nking two customer locat i ons  to  a  
common Centra l  Offi ce .  The  primary advantage of  DSL for the  
homeowner or smal l  bus i ness  is  that  i t  shares  the exis t ing  
te lephone l i nes  and i t  keeps  the cost  of  insta l l at ion  at  a  much  
lower leve l .  

DSL serv ice has  the fo l low ing characterist i cs :  

•  Typi ca l l y  p rov ided i n  an  ADSL (Asymmetri ca l  DSL)  format  
w ith the l i nk toward the  customer (down load)  at  a  h i gher  
rate than  the l i nk  toward the  Internet  (up load) .  

•  DSL can be p rov ided as  SDSL (Symmetri ca l  DSL)  when  the  
user needs  to  have  equa l  bandwidth b i -d i rect i onal ly .  

•  DSL is  a  shared serv i ce .  At  peak use  t imes ,  the avai l ab le  
bandwidth  i s  reduced .  Many users  have compla ined that  they  
get  better serv i ce v i a  d i a l- up .  

•  DSL offeri ngs  start  at  384  kbps/128 kbps and can  r ise to  
6 .0 mbps/6 .0 mbps .  ( the monthly  rates  start  at  $30 and r ise  
to  $400) .  

•  DSL can on ly  be  used when  the customer i s  no  more  than  
18,000 “w i re  feet ”  from the Serv i ng  Centra l  Offi ce .  Best  
serv i ce i s  avai lab le when the customer i s  l ess  than 12,000  
“w i re feet”  d i stant .  

•  DSL is  most  often used to  p rov ide internet  access .  
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SONET 

SONET (Synchronous  Opt i ca l  Network)  is  the f i rst  f i ber opt i c  
based d ig i ta l  t ransmiss i on p rotocol/standard .  The SONET format  
a l lows  d ifferent  types  of  t ransmiss ion  s i gna l  formats  to  b e  
carri ed  on one l i ne as  a  un i form pay load w ith network  
management .  A s i ngle SONET channe l  w i l l  carry  a  mixture o f  
bas i c  vo i ce ,  h i gh and l ow speed data,  v ideo ,  and  Ethernet .  Al l  of  
these s igna ls  w i l l  be unaffected by  the fact  that  they  are being  
t ransported as  part  of  a  SONET pay load .  

The SONET standard s tarts  at  the opt i ca l  equ iva lent  of  DS-3 .  
This  i s  referred  to  as  an  OC-1  (Opt i ca l  Carrier 1 ) .  The  opt i ca l  
carri er inc ludes  a l l  of  the DS-3 data and network management  
overhead ,  p lu s  a  SONET network management  overhead .  In  Nort h  
America ,  the fo l l ow ing SONET hi erarchy  i s  used:  OC-3 ;  OC-12 ;  
OC-48;  OC-96;  OC-192 .  The  number i nd i cates  the tota l  of  DS-3  
channel  equ iva lents  i n  the  pay load .  

Within  the pay load ,  SONET network management a l lows  for th e  
shift i ng of  DS-1  c i rcu it s .  SONET is  a  po i nt-to-poi nt  TDM system ,  
but  i t  has  the abi l i ty  to  a l low  users  to  set  up  a  mu lt ipo int  
d istribut i on  of  DS-1s  and DS-3s .  Therefore ,  i t  i s  poss ib le t o  
d i rect  a  DS-1  from one l ocat ion  to  many l ocat i ons  w i th in  the  
SONET network .  The reader shou ld  note that  SONET does  not  
p rov ide  “bandwidth-on-demand” .  The rout ing  of  port ions  of  th e  
SONET pay load to  mu l t ip le  po ints  must  be  p l anned and  bu i lt  i nto  a  
rout ing tab le .  

A SONET network management p rogram prov ides  the abi l i ty  t o  
set  up  mu lt ip le  rout i ng p lans .  These p lans  can  be executed  as  part  
of  a  p rogram to  restore  serv i ce in  the event  of  an  outage in  a  
port ion  of  the  network .  Some early  adopters  of  SONET 
attempted to  use th is  feature to  p rov ide for “t ime-of-day ”  
rout ing changes .  Often users  were d isappo inted w ith  the resu lts .  

Normal ly ,  SONET is  t ransmi tted  in  groups  of  DS-3s (OC-3,  OC-
12,  OC-48 ,  etc) .  In  this  mode ,  the SONET pay load i s  segmented  
w ithin  the DS-3 .  However,  i t  i s  poss ib le to  combine DS-3s  into  a  
s ing le channe l .  An OC-3C ( concatenated)  i s  a  group  of  DS-3s  
combined i nto a  s ingle pay load to  a l low  for the tota l  use of  th e  
OC-3 as  a  s ing le data  stream . 



Telecommunications Handbook for Transportation Professionals 

 

Chapter 2 

73

ATM 

Asynchronous  Transfer Mode (ATM) i s  a  w ide ly  dep loyed  
communicat i ons  backbone  techno logy  based on  Packet  
Mult ip lex i ng .  ATM i s  a  data- l ink  l ayer p rotocol  that  permits  th e  
integrat ion  of  vo i ce and data ,  and p rov ides  qua l i ty  of  serv i ce  
(QoS)  capabi l i t i es .  This  standards-based transport  medium i s  
w idely  used for access  to  a  w ide-area  (WAN) data communicat i ons  
networks .  ATM nodes are somet imes ca l l ed  “Edge Dev i ces” .  These  
Edge Dev i ces  faci l i t ate telecommunicat i ons  systems to  send data ,  
v ideo and vo ice at  h i gh speeds .  

ATM uses  sophist i cated network management features  to  a l l ow  
carri ers  to  guarantee qua l i t y  of  serv ice .  Sometimes referred t o  
as  ce l l  re lay ,  ATM uses  short ,  f i xed- length packets  ca l led  ce l l s  
for t ransport .  Informat i on  i s  d iv ided among these ce l ls ,  
t ransmitted and then re-assembled at  thei r f ina l  dest inat ion .  
Carri ers  a lso  offer “Frame Re lay”  serv i ce for genera l  dat a  
requ i rements  that  can  accept  a  var iable packet  or frame s i ze .  
Frame Relay  systems  use vari able cel l  (p ackets)  based  on  th e  
amount  of  data  to  be t ransmitted .  This  a l l ows  for  a  more  
eff ic i ent  use of  a  data communicat i ons  network .  

ATM serv ices  are offered by  most  carri ers .  A number of  DOTs  
are us ing this  type of  serv i ce –  especi a l ly  in  metropol i t an  areas  –  
to  connect  CCTV cameras  (us ing compressed v ideo) ,  t raff ic  s igna l  
systems ,  and dynamic message s i gns  to  Traff ic  Operat ions  
Centers .  The s table packet  s i ze i s  wel l  su i ted for v ideo  
t ransmiss ion .  ATM is  genera l ly  not  used by  telephone companies  
for to l l  grade vo ice ,  a lthough its  stable packet  s ize was  
deve loped to  meet  requ i rements  for vo i ce serv i ce,   
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In a  WAN (w ide area network) ,  ATM is  most  often used as  a n  
“edge”  transport  p rotoco l .  ATM dev i ces  typ i ca l ly  have ports  that  
a l low  for easy  connect iv i ty  of  legacy  systems  and  the newer  
communicat i ons  systems .  In  a  p rivate (or enterprise)  network ,  as  

shown  in  f i gure  2-12 ,   ATM i s  effect ively  used for vo ice and v i deo  
t ransport  as  wel l  as  data .  

ATM has  f ixed- length “ce l ls ”  of  53  bytes  in  l ength in  contrast  to  
Frame Relay  and Ethernet ’ s  var iable- length “frames . ”  The s i ze of  
cel l  that  represents  a  compromise between the large fram e 
requ i rements  of  data t ransm iss ion  and the re lat ive ly  sma l l  needs  
of  vo i ce ca l ls .  By  catering to  both forms of  network t raff ic ,  ATM  
can be used to  hand le an  end user ’ s  ent i re networking needs ,  
remov ing the need for separate data and vo i ce networks .  Th e  
performance ,  however,  can  a lso  be compromised ,  and the  network  
may not  be as  eff i c i ent  as  dedi cated networks  for each  serv i ce .  
ATM systems usua l ly  requ i re DS-1  c i rcu its ,  but  can  be  made to  
work i n  a  l ower speed env i ronment .  

ATM does  have a  reputat i on  for being d iff icu lt  to  interface to  an  
exis t ing network .  However,  competent  network techn i c ians  can  
usua l l y  overcome most  d iff icu lt i es .  Missouri  DOT is  u s ing  an  AT M 
based network for i t s  ATMS.  
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FDM 

Frequency  Div i s ion  Mu lt ip lex ing (FDM) i s  used when l arge groups  
of ana log  (vo i ce or v ideo)  channels  are  requ i red .  The avai l ab l e  
frequency  bandwidth on  an  ind iv idual  communi cat ions  l i nk i s  
s imp ly  d iv ided in to a  number of  sub-channe ls ,  each carry i ng a  
d ifferent  communicat i on  sess ion .  A typ i ca l  vo i ce channe l  requ i re s  
at  least  3  kHz of  bandwidth .  If  the bas i c  communi cat i on  l i nk  is  
capable of  carry i ng 3 megahertz of  bandwidth ,  approximate ly  
1000 vo i ce channe ls  cou ld  be carri ed  between two  po ints .  
Frequency  Div is i on  Mu lt ip lex ing  was  used  to  carry  severa l  low  
speed ( l ess  than  2400 b i ts  per second)  data channels  between tw o  
po ints ,  but  was  abandoned in  favor of  TDM which has  an  abi l i ty  to  
carry  more  data  channe ls  w ith  more  capaci ty  over  greater 
d istances  w i th fewer engineering p roblems .  

Many o lder Cab le TV systems use FDM to carry  mul t ip le  channe ls  
to  customers .  This  type of  system was  used by  Freeway  
Management Systems to carry  v ideo  over coaxia l  cab le .  However ,  
most  coaxi a l  systems have been rep laced by  f iber opt ic  systems .  
F iber has  a  greater bandwidth capabi l i ty  than coaxi a l  cab le ,  o r  
tw isted pai r .  The FDM scheme a l l ows  for mu lt ip le  broadband  
v ideo channe ls  to  be carri ed  over a  s i ng le strand of  f iber .  

WDM – CWDM & DWDM 

Wave Div is i on  Mult ip lex i ng (WDM) is  an  opt i ca l  v ar i ant  of  FDM. A  
beam of l i ght  i s  d i v ided into  segments  ca l l ed  lambdas .  The Greek  
letter Lambda (λ )  i s  used to  represent  the wave  channe ls .  These  
lambdas  are actual ly  d i fferent  co lors  of l i ght .  Because a  
wave length i s  in verse ly  p roport iona l  to  frequency  WDM i s  
logi ca l ly  equ iva lent  to  FDM. 

Li ght  t ransmitted over a  f i ber i s  
normal ly  a  group  of  frequenci es  
that  can  be used  to  create a  
s ing le communicat i on  channel ,  or  
mu lt ip le  channe ls .  The frequency  
group  can be broken into severa l  
sub groups .  The  LASER output  of  
a  mu lt ip lexer i s  “tuned” to  a  
specif i c  set  of  frequenci es  to  form a s ing le communicat i on  
channel .  These channe ls  are then t ransmitted w ith other  
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frequency  groups  v ia  a  wave d iv is ion  mu lt ip lexer.  Un l i ke FDM, th e  
informat i on  sent  v i a  the frequency groups  i s  d i g i ta l .  

Two vari ab les  of  WDM are  used ,  CWDM (coarse wave  d iv is ion  
mu lt ip lex ing)  and DWDM (dense wave d iv is i on  mu lt i p lex ing) .  
DWDM systems can  carry  as  many as  64 channe ls  at  2 .5  g igabi ts  
per second per channel  over a  pa i r  of  f ibers .  Each DWDM lambd a  
i s  equa l  to  one OC-48 (48 DS-3s) ,  or one Gi gabit  Ethern et  
channel  ( future  systems w i l l  a l low  2 Gi gE channe ls  per l ambda) .  

ETHERNET 

Ethernet  i s  a  packet  based  network p rotoco l ,  i nvented  by  th e  
Xerox Corporat ion ,  i n  1973 ,  to  p rov ide  connect iv i ty  between many  
computers  and one p rinter .  Ethernet  was  des i gned to  work over a  
coaxi a l  cab le that  was  daisy-chained ( shared)  among man y  
dev i ces .  The ori g ina l  Xerox des i gn  has  evo l ved into an  IEE E  
seri es  of  standards  (802 .XXX) w ith many variat ions  that  inc lud e  
10Base-T,  Fast-Ethernet  ( 100Base-T) ,  and  Gi gE  (Gigabi t  
Ethernet) .  

The Ethernet  system cons is ts  of  three  bas i c  e lements :  

1 .  The phys i ca l  medium used to  carry  Ethernet  s igna ls  between  
computers ,  

2 .  A set  of  medi um access  contro l  (MAC)  ru les  embedded in  
each Ethernet  interface that  a l l ows  mu lt ip le  computers  to  
fa i r l y  arb it rate access  to  the shared Ethernet  channe l ,  

3 .  An Ethernet  frame that  cons ists  of  a  standard i zed set  of  
b its  used to  carry  data over the system . 

The most  current  conf igurat ions  use tw isted  pai r  w ith  dev ices  
networked i n  a  s tar conf i gurat ion .  Each  dev i ce  has  a  d i rect  
connect ion  to  an  Ethernet  hub,  or router,  or sw itch .  Thi s  system 
then p rov ides  each user w i th a  connect ion  to  a  p r inter,  f i l e  
server,  another user computer (peer) ,  or any  other dev ice on  th e  
network .  

Ethernet  works  by  sett i ng  up  a  very  broadband  connect i on  to  
a l low  packets  of  data to  move at  h igh speed through a  network .  
This  assures  that  many users  can  communi cate  w ith dev i ces  in  a  
t ime ly  manner.  The  Ethernet  i s  shared,  and under  norma l  
c i rcumstances ,  no  one user has  exclus iv i ty .  
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Tradit i ona l  Ethernet  networks  of  the 1990s  used  a  p rotoco l  
ca l led  CSMA/CD ( carri er  sense mult ip le  access/co l l i s ion  
detect i on) .  In  thi s  arrangement ,  the t ransmitt i ng dev i ce  looks  at  
the network to  determine if  other dev i ces  are t ransmitt ing .  Th e  
dev i ce “senses ”  
the p resence  of  a  
carri er .  If  no  
carri er i s  p resent ,  
i t  p roceeds w ith  
the t ransmiss ion .  
The CSMA 
protoco l  i s  not  
perfect ,  hence the  
need for Co l l i s ion  
Detect ion .  
Occas i onal ly ,  more  
than one dev i ce  
t ransmits  
s imu l taneous ly  and  
creates  a  “ca l l  
co l l i s ion ” .  If  the ori g inat ing dev i ce does  not  receive an  
acknowledgement from the recei v ing dev ice ,  i t  s imp ly  retransmi ts  
the information (not  as  part  of  the Ethernet  p rotocol ,  but  part  
of  an  app l icat i on  p rotoco l ) .  In  an  off i ce env i ronment ,  where users  
are t ry i ng to  access  a  pr inter,  o r a  f i l e-server,  th is  i s  normal l y  
not  a  p roblem . Most  users  are not  aware of any  s i gn if i cant  delays .  
In  th is  arrangement  a l l  dev i ces  are  w i red to  the network  through  
a “hub” .  The hub prov ides  a  centra l  meet i ng po int  for a l l  dev i ces  
and users  on  the network ,  but  has  very  l i tt le  in te l l igence fo r  
managing act i v ity  on  the network .  In  fact  a l l  communicat ions  o n  
the network are  sent  to  a l l  dev i ces  on  the network .  

Each  Ethernet-equ ipped computer,  a lso  known as  a  stat ion ,  
operates  independent ly  of  a l l  o ther stat i ons  on  the network :  
there i s  no  centra l  contro l l er .  Al l  stat i ons  attached to  an  
Ethernet  are  connected to  a  shared s i gna l ing system , a lso  ca l l ed  
the medium . Ethernet  s igna l s  are  t ransmitted seri a l ly ,  one b it  at  
a  t ime ,  over the shared s i gnal  channel  to  every  attached  stat i on .  
To  send data ,  a  stat ion  f i rst  l i stens  to  the  channe l ,  and  when the  
channel  i s  id le  the s tat ion  t ransmi ts  i ts  data  in  the form of  an  
Ethernet  frame ,  or packet .  

No te :  W h en  E t h er n e t i s  us ed  to  con n ec t  on ly  tw o  

dev i ce s  v i a  a  co mm on  co mm u n i ca t i o n  ch an n e l  C S M A  

i s  no t  us ed .  T h i s  i s  b ec a us e  t h e  tw o  de v i ce s  ca n  

coor d i n at e  c om m un i c a t i o n  s o  t h at  o n e  d oes  n o t  

i n te r fer e  w i t h  th e  o t h er .  T h i s  t y pe  o f  s y s te m c an  

be  us ed  to  t r an s m i t br o ad b an d  v i de o  o v er  l o n g  

d i s tan c es  t o  t ak e  a dv an t a ge  o f  t he  ban dw id t h  an d  

eco n o m i cs  o f  us i n g  E t h er n e t .  

F r eew ay  M an ag em en t  Sy s te ms  us i n g  i n c i de n t  

det ec t i o n  C C TV  ca me r a s  m ay  u se  t h i s  ty pe  o f  

a r r a ng em ent  t o  f a c i l i t a te  V i de o  o v er  IP .  T h i s  

a l l ow s  v i deo  f r om  t h e  f i e ld  to  be  t r an s po r t ed  t o  

th e  TC C  fo r  f ur t h er  d i s t r i b u t i o n .  
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After each  frame transmiss i on ,  a l l  stat ions  on  the  network mus t  
contend equal ly  for the next  frame transmiss ion  opportun i ty .  Thi s  
ensures  that  access  to  the network channe l  i s  fa i r ,  and  that  n o  
s ing le stat ion  can  l ock out  the other stat ions .  Access  to  th e  
shared channel  i s  determined  by  the medi um access  contro l  (MAC)  
mechanism embedded i n  the  Ethernet  interface located  in  each  
stat i on .  The medium access  contro l  mechanism i s  based on  a  
system cal l ed  Carri er Sense Mu lt ip le  Access  w ith Col l i s ion  
Detect ion  (CSMA/CD) .  

Modern networks  st i l l  use CSMA/CD , but  are managed by   routers  
and sw itches .  Routers  are  not  actua l l y  Ethernet  dev ices  -  they  
operate at  l ayer 3 of  the OSI protocol  stack .  The router i s  ab l e  
to  manage the f low of data between dev i ces  and has  th e  
inte l l i gence  to  route  informat i on  between speci f ic  dev ices .  A 
request  to  v i ew a  f i le  from an ind iv idual  computer i s  routed t o  
the specif i c  f i l e  server stori ng  the i nformat ion .  None of  th e  
other computers  on  the  network see the data request .  However,  
the router w i l l  s imp ly  route the request ,  i t  won ’ t  manage  severa l  
users  t ry ing to  access  the same f i l e  server s imu ltaneous ly .  

Management of  users  in  a  network i s  accompl i shed by  a  Switch .  
The Switch has  the i ntel l i gence and comput ing “horsepower” to  
manage users  and a l locate bandwidth .  A Switch can be set  to  
b lock some users  from the system based  on  vari ous  factors ,  such  
as  p r ior ity  and t ime-of-day  requ i rements .   

Fo l l owing i s  a  descrip t ion  of  the most  commonly  used Ethernet  
p rotoco ls :  

•  10Base-T was  ( as  this  handbook was  being deve loped ,  
100Base-T was  most  common,  w ith GigE catchi ng on  fast) .  
This  i s  typ i ca l ly  run  over  twisted pai r copper and  i s  
adequate for most  sma l l  off i ce data communicat ion  
requ i rements .  

•  Fast  Ethernet  or 100Base-T can be run  over the same 
tw isted pai r  infrastructure .  The  10Base-T  protoco l  a l l ows  
for a  maximum throughput  of  10 megabi ts  of  data and the  
100Base-T a l lows  100 megabi ts  of  data throughput .  However,  
various  factors  keep  these  systems  from exceeding more  
than 70  percent  of  s tated  capaci ty .  Chi ef  among these  
p roblems i s  overload ing of  the number of  users  and  the  
condit i on  of  the w i red i nfrastructure .  
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•  100Base-TX is  a  two tw isted copper pai r  (4  w i re )  
t ransmiss ion  standard .  Ident ica l  to  10Base-T ,  i t  i s  a lso  
referred  to  as  “fast  Ethernet ” ,  and  p rov ides  100 Mbps  
throughput .  

•  100Base-FX is  a  f iber opt i c  t ransmiss ion  standard for Loca l  
Area  Networks .  

•  GigE ( g i gabit  Ethernet)  i s  a  very  h i gh  bandwidth serv ice  
(One gigabit  per second)  and  i s  bei ng dep loyed in  many l arge  
off i ce networks .  In  addit i on  to  a l low i ng  more  users  onto  the  
network ,  Gi gE is  capab le of  faci l i t at i ng v ideo between  
desktops ,  and desktop  to  desktop  conferenci ng between  
users .  Gi gE  i s  a lso  the p referred communi cat i ons  p rotocol  
for l i nki ng  one  off i ce bu i ld ing  to  another.  Metropol i tan  
Networks  (MAN) us ing DWDM faci l i tate  a  “ rea l-t ime” G igE  
l i nk .  IT departments  can  create a  storage area network  
(SAN) to  l i nk  together many  databases .  Large  f i nancia l  
i nst i tut i ons  connect  locat i ons  i n  a  regi on  to  faci l i tate  
e lectron i c  commerce  us ing  DWDM and  Gi gE .  Many te lephone  
carri ers  are  beginn i ng to  add GigE serv i ces  to  thei r network  
offerings .  

•  10GigE protocols  and standards  are being developed by  IEEE  
under 802 .3ae and 802 .3AK . The 10GigE standards  are  be ing  
deve loped to  use  the  p rotoco l  for broadband  metropo l i tan  
area network (MAN)  connect iv i ty .  At  this  t ime ,  there  i s  no  
intent i on  to  use the s tandard to  support  desktop  
app l i cat ions ,  however,  a l l  th i ngs  change .  10GigE systems w i l l  
be dep loyed us ing f iber  opt ic  t ransmi ss ion  networks .  
Fo l l ow ing  i s  an  examp le  of  a  10GigE Network .  
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Because most  of  these  networks  are  dep loyed in  off i ce bu i ld ings ,  
the tw isted pai r  cab les  tend to  be run  c lose to  in terference-
caus ing e lectri ca l  f ixtures .  The drawing shows a  typ i ca l  LAN fo r  
a  smal l  off ice .  Not ice that  most  of the offi ce computers  are  
connected v i a  a  hub ,  and that  the p rinters ,  and  communicat i ons  
serv i ces  are  connected  v ia  dedi cated servers .  This  i s  s imp ly  on e  
type  of  network that  can  be  estab l i shed us ing Ethernet .  In  very  
sma l l  off i ces ,  every  dev ice can  be d i rect ly  connected to  a  router .  
Large corporat ions  w i l l  network severa l  routers .  The actua l  
network conf i gurat i on  i s  based on  comp let ing a  requ i rement s  
document  (see chapter 4) .  In  thi s  system every  computer has  
access  to  every  dev i ce ,  but  the  router can  be p rogrammed t o  
restri ct  access  based on  the un ique ident i ty  of  each computer  
work stat ion .  

F igure  2-15 prov ides  a  l ook at  how mul t ip le  bu i ld i ng networks  are  
connected v ia  a  metropo l i t an  area network (MAN) Not i ce that  

The Internet

Ethernet

Fax
Color Printer

Plotter

Print Server

Router Ethernet

File Server File Server File Server

Hub

`

`

`

`

`

Communication 
Server

Fire Wall

F igure  2 -14 :  D iagram -  Typ ica l  Of f ice  L AN 
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there i s  one p rimary  router i n  each bu i ld ing connected to  a  
10GigE network -  each  bu i ld ing i s  a  node on  the network .  Th e  
common bas is  of  Ethernet  p rotoco ls  p rov ides  an  easy  expans i on  
path .  The system shown i s  actua l ly  a  network of  networks .  

 

Conclusions 

The des i gn  of  telecommuni cat ions  systems is  an  i terat ive p rocess .  
Each  p i ece  of  a  system is  dependent  upon the others .  A s imp l e  
examp le of  this  dependency   can  be found in  the use of  a  modem .  
Bas ic  modems re ly  on  the cables  that  connect  them to a  computer  
(a  seria l  cab le)  and the tw is ted-pai r  cab le  that  connects  them to  
a  telephone network .  Each of  these e lements  i s  dependent  upon  
the other to  p rov ide a  work ing system . These types  of  
dependenci es  can  be found i n  a l l  te lecommuni cat ion  systems .  This  
chapter was  organ i zed to  prov ide bas i c  informat ion  about  
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F igure  2 -15 :  D iagram -  M e t ro  Area  Ne tw ork  (M AN) 
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i nd iv idual  e lements  and  thei r  re lat ionships .  Recognit ion  of  these  
re lat i onships  w i l l  help  to  p rov ide an  effect i ve des i gn  of  a  
te lecommuni cat ions  network .  
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3. CHAPTER THREE – TELECOMMUNICATIONS & 

THE NATIONAL ITS ARCHITECTURE 

Introduction 
 

 

During  the past  20 years ,  a  number of  technology  based systems  
have  evo lved to  support  t ransportat i on  operat i ons ,  t raff i c  
management ,  t rave ler informat ion ,  f l eet  management ,  and  inc ident  
contro l .  These inc lude:  

•  Automated Traff i c  Si gna l  Systems 

•  Commerc ia l  Vehi c le Operat ions  (CVO)  

•  Freeway  Management 

•  Trave ler Informat i on  

•  Remote Weather Informati on  Systems  (RWIS)  

•  Incident  Management 

•  Speci a l  Events  

F igure  3 -1 :  Na t iona l  ITS  Arch i tec ture  Com munica t ions  Sausage  Diagram 



Telecommunications Handbook for Transportation Professionals 

 

Chapter 3 

84

•  Ramp Metering 

•  Electron i c  To l l  Co l l ect i on .  

Automated traff i c  s igna l  systems have been in  use for  over 50  
years ,  whi le  t raveler informat ion  systems are  st i l l  i n  the p rocess  
of  develop ing –  especi a l ly  s ince the FCC a l located 511  as  a  
un i versa l  t rave ler i nformat i on  telephone number for the U .S .  In  
fact ,  a l l  systems are  in  a  cont inuous  evo lu t ionary  p rocess  becaus e  
techno logi es  support ing the  systems are a lways  changi ng .  As  a  
d i rect  resu lt  of  the  change ,  te lecommuni cat ions  systems that  
support  transportat ion  opera t ions  are  a lso  evo lv ing .  

Chapter 3 w i l l  look at  the  relat i onship  of  the Nat i ona l  ITS  
Arch itecture  to  the p rocess  of  engineering and specify i ng  
communicat i on  l i nks  and serv i ces  for a  t ransportat ion  management  
system . This  chapter w i l l  a lso  p rov ide informat i on  on  th e  
deve lop ing standards  w ithin  NTCIP and  how they w i l l  impact  on  
the des i gn  of  communicat i ons  systems support i ng  t ransportat i on .  

Overview – The National ITS Architecture 

The Nat iona l  ITS Architecture i s  a  f lex ib le framework  for th e  
interre lat i onship  of  operat i onal  t ransportat i on  systems .  Various  
te lecommuni cat ions  strategi es  can  be used w ithin  the context  of  
the Nat i onal  Archi tecture .  These inc lude urban and rural  system  
dep loyments ,  for loca l  and  regi ona l  t ransportat ion  management  
systems .  Funct iona l ly ,  there  are  very  few d ifferences  between  
urban  and rura l  systems .  Vehi c le speed and vo lume detectors  
funct i on  the same i n  both  s ituat i ons ,  as  do CCTV cameras ,  
changeab le message s i gns ,  and  a lmost  any  other dev i ce  used i n  
t ransportat ion  management systems .  However,  te lecommunicat i ons  
strategi es  do vary  based  on  locat i on .  A te lecommunicat i ons  
architecture  that  supports  urban  dep loyments  may not  be  su itab le  
for a  rura l  system . The key  factors  to  cons ider when creat ing a  
des i gn  are d i stance of  f i e ld  dev ices  to  a  contro l  center,  
ava i l abi l i ty  of e lectri ca l  power resources ,  and avai l abi l i ty  of  
publ i c  te lephone infrastructure .  

The Nat i onal  ITS Architecture p rov ides  system deve lopers  w ith  a  
detai l ed  v iew of the re lat ionships  between t ravelers  and  
associ ated transportat ion  organ i zat ions .  Each of  th e  
re lat i onships  has  a  communi cat ions  requ i rement .  Communicat i ons  
can  be thought of  as  the g lue that  b inds  requ i red operat iona l  
funct i ons .  The  Nat iona l  Architecture  can  be v i ewed in  severa l  



Telecommunications Handbook for Transportation Professionals 

 

Chapter 3 

85

different  ways :  Logi ca l  Re lat ionship ;  Phys ica l  Relat ionship ;  
Market  Package Re lat ionship ;  and Funct i onal  Re lat ionship .  The on e  
constant  in  each type of  re lat i onship  i s  communi cat i ons .  The 
Arch itecture  makes no d ist i nct i on  in  the  type of  communicat i ons  
systems  that  can  be  used .  The  system des i gner i s  free  to  use  any  
te lecommuni cat ions  systems and dev i ces  that  w i l l  support  overa l l  
requ i rements .  

The Nat i ona l  Archi tecture p rov ides  a  d i agram of the  genera l  
re lat i onships  ( “Sausage Di agram)  l i st ing four (4 )  generi c  types  of  
te lecommuni cat ions  systems:  

•  Vehi c le- to-Vehi c le 

•  Dedicated Short  Range Communicat i ons  (DSRC)  

•  Wide Area  Wire less  

•  Wire l ine 

Wire l ine and Wire less  are the two primary  types  o f  
te lecommuni cat ions  architectures  shown in  the d i agram, w ith  
Vehi c le- to-Vehi c le (VtV)  and  DSRC being two app l icat ions  of  
w i re less .  There is  no  d ist inct  requ i rement  to  use RF ,  Copper,  o r 
F iber Opt i cs  as  a  t ransm iss ion  medium . Nor i s  there any  
suggest i on  as  to  the network topology :  po int-to-po int ,  s tar,  r i ng ,  
mesh ,  etc .  

VEHICLE-TO-VEHICLE (VTV) 

These are  w i re less  systems and use rad io  frequenci es  (RF)  as  the  
medium . There are some systems that  use l i ght  or sound fo r  
communicat i on ,  but  the  systems used in  t ra ff i c  and  
transportat ion  management are p redominant ly  RF .  VtV systems  
can use one ,  or a  combinat i on  of  rad io  systems  for communicat i on .  
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Mobile 2-Way Radio 

Genera l ly  used between vehi c les  for w ide area communicat ion  in  a  
P rivate Land Mobi le  Rad i o Serv i ce (PLMRS)  on  frequenci es  s et  
as ide by  the Federa l  Communicat i ons  Commiss ion  (FCC)  for tha t  
purpose .  The system is  u sed by  DOT maintenance  groups  to  
faci l i tate operat i ons  between work crews and a  central  ( o r  
regi ona l )  d ispatch center .  Under the defin i t ion  of  the Nati ona l  
Arch itecture ,  th is  i s  a  w ide-area mobi le  communicat i on  system .  
These same systems can  a lso  be used to  coordinate jo i nt  
operat i ons  between Po l i ce Departments  and the DOT.  Thes e  
systems can  a lso  p rov ide  for an  exchange  of  d i g i ta l  data  
informat i on .  

 

Cellular Telephone Service 

Can be used  for communi cat i on  between the  occupants  of  two ( or  
more)  vehi c les .  This  system can be u t i l i zed to  p rov ide  secure  
persona l i zed t rave l  and t ransportat i on  i nformat ion  to  i nd iv idua l  
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F igure  3 -12 :  D iagram -  M ob i le  2 -Wa y Rad io  Ne tw ork  
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travelers .  The FCC  requ i res  that  a l l  w i re less  carri ers  p rov id e  
locat ion  informat i on  when a  request  for emergency  serv ices  i s  
requested (the ca l l er d i a l s  9-1-1 ) .  The system may a l so  be used to  
p rov ide  traff ic  management centers  w ith genera l  congest i on  
informat i on  ( not  a  requ i rement  under FCC regu lat ions) .  

DSRC 

The sausage d i agram shows this  as  a  vehi c le  to  roads id e  
architecture ,  however,  th is  i s  a lso  cons idered as  a  very  l ow  
power,  very  short  range communi cat ion  system between vehic les .  
DSRC genera l ly  refers  to  rad io  systems that  operate on  
frequenci es  set  as ide by  the  FCC ( in  the  US)  between 5 .8  and  5 .9  
GHz.  However,  to l l  co l l ect ion  and vehi c le ident if i cat ions  systems  
current ly  operat ing i n  the 900 MHz range are cons idered –  by  th e  
transportat ion  industry  –  as  DSRC . Automobi le  manufacturers  
have  developed VtV systems  us ing radar in  the  35 GHz  and 70  
GHz frequency  bands ,  and  are l ooki ng at  the poss ib i l i ty  of  us in g  
5 .8 GHz. 

Dedi cated Short  Range Communicat i on  Systems (DSRC)  are  
w i re less  systems used to  communi cate over d istances  of  less  than  
1000 feet  (300 meters) .  They can be used for vehi c le- to- roads id e  
(VtR )  or VtV .  The systems are p rimari ly  dep loyed us ing  RF ,  but  
can  be dep loyed us i ng i nfra- red (IR) ,  or l ow  power LASER as  th e  
communicat i on  medium . The Nat i ona l  Arch itecture  d iagram show s  
DSRC i n  a  re lat ionship  between the categories  of  Automot iv e  
Vehi c les  and  Roads ide Serv i ces :  

Tab le  3 -1 :  DSR C Veh ic le -Roads ide  Re la t ionsh ips  

Vehic les Roadside 

Passenger Car  Trave ler  Informat ion  

Emergency  Vehic le  To l l  Co l lect ion  

Commercia l  Vehic le  Park ing  Management 

Trans it  Commercia l  Vehic le  Check  

Maintenance  & Construct ion   
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These re lat ionships  are not  f ixed .  Any vehi c le  us i ng DSRC shou ld  
be  able to  access  a  su i te  of  serv i ces  whi ch i nc lude  pass i ng  
i nformat i on  between vehi c les  and the roads ide .  Standards  fo r 
DSRC are  being developed  and tested by  ASTM us i ng IEEE  
802 .11a ,  as  a  bas is .  A major d i fference between the DSRC  
standard and 802 .11a i s  the  frequency  range bei ng used .  DSRC  
w i l l  operate w ithin  a  frequency  spectrum set  as ide for thi s  
purpose,  and requ i res  l i cens ing .  802 .11a systems operate in  a  
frequency  spectrum that  i s  set  as ide for genera l  use and requ i res  
no l i cense .  Detai l ed  informat ion  about  DSRC is  ava i lab le at  th e  
fo l l ow ing  web  s i te:  
ht t p :/ /www . l e earmstr on g. com/DSRC/DSRCHomese t. h tm .  

 

Wide Area Wireless Systems (WAWS) 

WAWS are  RF communi cat ion  systems that  can  cover  severa l  
square  mi les  to  thousands  of  square mi les .  They genera l ly  inc lude  
Cel lu lar and standard 2-Way Radio  systems .  Most  of  these  
systems are  des i gned to  p rov ide fu l l  v o ice serv i ce and some data  
serv i ces .  The Nati ona l  Arch itecture  shows WAWS as  p rov id in g  
VtV and vehi c le  to  center communi cat ions  (VtC ) .  DOT 
Maintenance,  Mass  Trans it ,  and  Pub l i c  Safety  use WAWS as  a  too l  
for f i e ld  to  center communi cat ions .  Addit iona l l y ,  Po l i ce and F i re  
agenci es  use these systems to  enhance f i e ld  un it  communi cat ions .  

Al l  WAWS have a  s imi l ar  architecture  -  a  centra l  base stat io n  
that  can  communi cate w ith mobi le  and handhe ld  rad ios .  The bas e  
stat i on  i s  a  h i gh powered  t ransmi tter and receiver combinat i on  
p laced i n  the  center of  the requ i red coverage  area .  The base  
stat i on  ut i l i zes  an  antenna  p l aced  at  a  re lat ive ly  h i gh ( above  
ground)  locat i on  ( norma l ly  on  top  of  a  tower or bu i ld ing rooftop) .  
Cel lu lar systems are very  s imi l ar i n  des i gn  except  that  there are  
many base stat i ons  in terconnected by  a  w i re l ine network des i gned  
to  p rov ide cont i nuous  serv i ce to  ca l l ers  us i ng handheld  rad ios  
(handsets) .  The overa l l  system is  in terconnected to  the  PSTN to  
faci l i tate  vo i ce communi cat i on .  

WAWS systems can  a lso  be used for f i e ld  operat iona l  contro l  o f  
Freeway  Management  systems in  rura l  sett i ngs .  Oi l  and  gas  
t ransmiss ion  compani es  use these types  of  systems for mon itori ng  
p ipel i nes .  These systems are ca l l ed  SCADA (system control  an d  
data acqu is i t i on) .  Al l  i nc ident  and t raff i c  f low  detect ion  systems  
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are ,  in  fact ,  SCADA systems in  that  they  use vari ous  types  of  
sensors  to  detect  a  change  of  state (vehi c le speeds  and lane  
occupancy)  to  a lert  TMC operators  that  a  specif i c  sect i on  o f  
roadway may have a  congested condit i on .  

Wireline Systems 

A generi c  reference to  any  type of  system that  uses  a  phys i ca l  
connect ion  of  copper w i re or f i ber opt i c  cab le  as  th e  
communicat i on  l i nk .  Genera l l y ,  w i re l ine systems can be  d iv ided  
into  three categories :  Wide  Area  Network (WAN);  Metropo l i ta n  
Network (MAN);  Loca l  Area  Network ( LAN) .  

National ITS Architecture Flows & Telecommunications 

This  sect i on  w i l l  p rov ide an  examinat i on  of  how market  packages  
and f low models ,  as  p resented by the Nat iona l  ITS Archi tecture ,  
can  be used to  create requ i rements  for te lecommunicat i ons  
systems  and serv i ces .  The  NA is  very  l arge and has  many  
components .  The creators  of  the NA have developed  “Market  
Packages ”  to  he lp  u sers  work w i th  the  document .  The  Market  
Packages  p rov ide a  graphica l  representat ion  for easy  v isual i zat i on  
and can be a  va luab le too l  i n  the des i gn  of a  te lecommunicat i ons  
system . 
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MARKET PACKAGES 

The market  packages  conta ined w ithin  the NA prov ide  a  good  
reference to  how i nd iv idua l  i tems ( contro l  center operators ,  
roadway dev i ces ,  data ,  and contro l  systems)  are pos it i oned w ithi n  
a  system ,  and thei r  l i nked  relat i onships .  The system engi neer  
must  start  at  a  very  h i gh leve l  to  p roduce an  overv i ew  
te lecommuni cat ions  architecture .  As  ind iv idua l  i tems w ithin  a  
market  package are  examined ,  thei r  requ i rements  w i l l  be added t o  
the overa l l  system . Modif i cat ions  to  the in i t i a l  overv i ew are made  
unt i l  a  work ing telecommuni cat ions  arch itecture i s  estab l i shed .  
This  i s  a  “top-down” approach to  help  the engi neer  ga in  an  
understand ing of  the system that  w i l l  be needed .  In  fact ,  the  
system is  des i gned us i ng a  “bottoms-up ”  approach,  because th e  
system must  p rov ide commun icat ions  serv i ces  for every  dev i ce i n  
the market  package .  Let ’ s  t ake a  look at  a  typ ica l  market  package ,  
and app ly  a  telecommunicat i ons  system . 

The Roadway Serv i ce Patro l  Market  Package (EM-4)  describes  a  
serv i ce that  ass is ts  motoris ts  w ith  vehi c le p rob lems ( f l at  t i re ,  
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out  of  gas , )  and  i s  part  of  the i nc ident  c learance so lut i on  to  help  
min imize congest i on .  Note that  the selected  market  package  i s  
part  of  an  overa l l  “center- to-center”  arch itecture .  U l t imate ly ,  
the so lut i on  for the s ituat i on  described by  this  market  package  
w i l l  have to  become part  of  a  larger communi cat ion system . I n  
chapter Four,  the process  of  breaki ng the overa l l  communicat i on  
system des i gn  p rob lem i nto  i ts  bas i c  e lements  is  d iscussed .  The  
graphi c 8 shown i s  p resented i n  the NA. 

The above  graphi c  represents  on ly  a  sma l l  port i on  of  the overa l l  
system that  p rov ides  t raff ic  management ,  i nc ident  detect ion ,  an d  
incident  response and c learance .  The arrows ind i cate how  
informat i on  f lows between the respons ib le agencies .  These sam e 
arrows a lso  p rov ide an  ind i cat ion  of  the requ i red communicat i on  
l i nks .  Looking at  the sausage  d iagram , i t  i s  easy  to  see that  this  
system w i l l  ut i l i ze a  comb inat i on  of  w i re l ine and  w ide area  
w i re less  te lecommuni cat ions  systems .  The NA does  not  specify  
the actual  type  of  communicat ions  systems to  be used .  This  i s  up  
to  the ind iv idual  deve lopers  of  a  system . The NA recogni zes  that  
the type of  communicat i on  w i l l  be standard ( and conform to  
FHWA requ i rements) ,  but  that  each ind iv i dua l  system w i l l  have  
d ifferent  dep loyment  var i ab les .  These i nc lude:  

•  Locat i on  –  u rban or rura l  

•  Scope of  serv ices  offered  by  the agency  operat ing the TMC 

•  Budget  –  extens ive or l imited  

•  Regi onal  or Loca l  –  system is  “ stand-alone”  or part  of  a  
larger operat ion  

•  Coord inat i on  –  leve l  of  cooperat ion  between serv i ce  
prov iders .  

•  Legacy  

                                                 
8 Source: http://itsarch.iteris.com/itsarch/html/mp/gatms08.htm 
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EXAMPLE ILLUSTRATION 

For purposes  of  i l lustrat i on  of  the telecommunicat i on  system:  

•  The TMC is  part  of  a  regiona l  operat i on  w ith  roadway  
serv i ce patro ls  offered  by  commerc ia l  contract  
organ i zat i ons .  

•  The serv ice patro ls  are  d ispatched by  l oca l  Po l i c e  
Departments .  

•  The EM4 d i agram shows severa l  act ive boxes  (purp le and  
ye l l ow) .  

•  The Traff i c  Management box i s  grayed,  but  we ’ l l  change i t  
to  act ive (b lue)  for this  d iscuss ion .  

•  Add severa l  communi cat ion  arrows not  shown in  th is  d iagram .  
Take a  second look at  the EM4 d iagram (F i gure  3-4) :   

Not i ce that  i nc ident  detect ion  and inc ident  response  request  
f lows have been added .  
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Next ,  assume the fo l l ow ing:  

•  Traffi c  Management i s  a  funct i on  of  the DOT Transportat ion  
Management Center .  

•  Emergency  Management i s  the respons ib i l i t y  of  a  County  
Emergency  Management/ 911  Center .  

•  The d ispatching i s  accomp l i shed by  a  loca l  Po l i ce Department  
(Emergency  System Operator ) ,  

•  The Emergency  Response Vehic le  i s  operated by  a  p r ivate  
contractor .  

•  Add the te lecommuni cat ions  sausage d iagram e lements  
(green)  to  comp lete the  d iagram (F i gure  3-5) :  

The NA does  not  p rov ide  any  detai ls  on  telecommunicat i on  
requ i rements  or specif i cat ions .  However,  i t  does  p rov ide a  goo d  
start i ng  po int  v i a  the  Market  Package Di agrams .  Taki ng  th e  
d iagrams and addi ng  the  te lecommuni cat ions  funct ion  i s  a  good  
way to  v i sua l i ze the requ i rements .  P rogram managers  are  p rov ided  
a concept  of  the e lements  that  must  be detai l ed  in  the overa l l  
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project .  The importance of  this  i s  d iscussed in  chapter Four .  I n  
the next  sect ion ,  we ’ l l  app ly  the te lecommuni cat ion  e lements  to  
the d iagram . 

Application of Telecommunications Using the National Architecture 
Flows 

A good way to  go from the market  package concept  to  a  
te lecommuni cat ion  requ i rements  document is  to  create  a  tab l e  
based  on  the above d i agram .  The table  w i l l  contain  the “points-of-
communicat i on ” ,  and a  bri ef  descript ion  of  needs .  The developer  
of  the tab le  shou ld  a lso  note that  the Market  Package describes  
informati on  f lows .  These f lows are  not  descript ive  of  the  
communicat i on  l i nks ,  but  can  be used to  he lp  def ine th e  

te lecommuni cat ion l i nks .  The defin i t ion  w i l l  i nc lude bandwidt h  
requ i rements  and the type of  communi cat i on  –  vo i ce or data o r  
both .  The fo l l ow ing i s  an  example of  the tab le:  

Tab le  3 -2 :  Communica t ion  Needs  & Requ i re ments  

Commun icat ion Po ints Needs Requirements 

Incident  Detect ion to  

TMC 

In  p lace  (ex ist ing  

system)  
None (uses  ex ist ing)  

TMC to  EM Wire l ine  Comm L ink  Vo ice  &  Low Speed  

Items Not Under Control of TMC
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Data  (un less  v ideo  i s  

part  of  the  package)  

EM to  Maintenance  Wire l ine  Comm L ink  Low Speed Data 

The i tems l i sted in  the above tab le are the respons ib i l i t y  of  th e  
DOT, because  the  emergency  management  funct ion  i s  bein g  
p rov ided by  another agency .  It  i s  he lpfu l  for the system des i gner  
to  have a  complete understand ing (for purposes  of  coord inat i on )  
of  the ent i re  system , but  i t  i s  on ly  necessary  to  focus  on  th e  
e lements  which must  be p rov ided by  the DOT. 

The TMC is  respons ib le for creat ing the i nc ident  detect i on  
informat i on ,  i n i t i at ing a  request  to  the EM and prov id ing  
necessary  informat i on ,  p l us  coord inat ion  of  support  from th e  
DOT. There i s  a l so  the connect ion  between the incoming  inc ident  

detect i on  i nformat ion  and  the outgoi ng request  for EM ass istance  
to  c lear the inc ident .  The system des i gner must  p rov ide for a  
communicat i ons  l i nk  between the “ i n-house”  TMC systems .  

Not i ce that  a  dedi cated communicat i on  port  on  the router i s  
ass i gned to  the l i nk between  the TMC and the EMA.  This  assures  
that  the “ inc ident  response  request ”  and “ i nc ident  informat i on ”  
l i nks  are  a lways  avai l ab le .  Also ,  the  use of  a  dedi cated leased 56  
Kbps  d i g i ta l  c i rcu it  from a  loca l  carri er and the Frame Re lay  
network assure secure t ransfer of  informat ion .  The NA defines  
the requ i rements  for each l i nk as  i nd iv idua l  one way  f lows ,  bu t  
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F igure  3 -7 :  D iagram -  TM C to  EM A L ink  
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the te lecommuni cat ions  system des ign  p rov ides  for a  s i ng le b i -
d i rect iona l  f l ow .  The d ifference i s  that  the NA is  showing how  
informat i on  f lows  and  the communicat i on  d iagram is  detai l i ng a  
phys i ca l  l i nk .  Also  note that  the above  d iagram represents  one of  
severa l  poss ib le so lut ions .  It  essent i a l ly  assumes that  on ly  text  
and  database  informat i on  are t ransferred  between the TMC and  
the EMA. A system that  p ro v ides  for the t ransfer of  “ rea l-t ime ”  
v ideo from the TMC to the EMA wou ld  use a  broadband  
communicat i on  so lut ion .  

In  the d iagram , the Carrier based so lut ion  has  been rep laced w it h  
a  d i rect  p r i vate f iber communicat i on  l i nk .  This  cou ld  a l so  be a  

l i nk l eased from a  carrier .  

Looki ng  at  the EM4 Market  Packages ,  you  w i l l  not i ce  that  a  l i nk  i s  
p rov ided between the EMA and the Mai ntenance and Construct i on  
Management organ i zat i ons .  In  a  “ rea l  world ”  scenario ,  the l i n k  
cou ld  be v ia  the TMC . The NA is  showing this  l i nk  as  a  reminder  
that  more  than one t ransportat ion  organ i zat i on  needs  
informat i on .  The overa l l  des i gn  needs  to  account  for each  
communicat i on  l i nk .  

Based on  the NA,  the Maintenance and Construct ion  group  
receives  i nformat ion  from the EMA,  but  does  not  send  
informat i on  back .  We have  to  assume that  construct ion  and  
maintenance i nformat ion  i s  submitted to  the EMA v i a  another  
channel .  This  i nformat ion  i s  p robab ly  rout ine t rave ler informat ion  
about  l ane and road c los ings  and genera l  repai r work .  For thi s  
case ,  the EM4 Market  Package i s  a  good model ,  but  does  not  show  
a l l  of  the potent i a l  communi cat ion l i nks .  There may be a  number  
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of i nterna l  l i nks  that  are  not  shown i n  the  Market  Packages .  Do a  
thorough search of  a l l  of  the  requ i rements  for communi cat ion .  

Comparison of Rural and Urban Telecommunications Requirements 
Using the National Architecture Flows 

In this  sect i on  we w i l l  examine how the Nat i onal  Arch itecture  
works  for both Rura l  and  Urban  telecommunicat i on  systems  
scenarios .  The market  packages  and  architecture  f lows are  
des i gned to  remain  unaffected by  the locat ion  of  the system . Th e  
variables  are accounted for  by  making the market  package and  
the architecture  f lows work  in  a  part i cu lar s ituat i on  –  that  is ,  
meet i ng  the  needs  of  a  rura l  or an  u rban/suburban l ocat i on ,  
and/or a  loca l  or regiona l  system .  

Us i ng the EM4 Market  Package ,  l et ’ s  examine a lternat ives  based  
on locat i on .  The Department  of  Transportat ion  ( for th is  scenari o )  

i s  respons ib le for the Traff i c  Management funct ion ,  and  th e  
County  (for this  scenario )  i s  respons ib le for the Emergency  
Management funct i on .  The  TMC and the County  EMA are  
separated by  severa l  b locks  or severa l  mi les .  In  an  u rban  
s ituat ion  they  are p robab ly  in  separate bu i ld i ngs  in  the rura l  
sett ing they  may be  in  the  same bu i ld i ng ,  o r separated by  2 0  
mi les .  Let ’ s  l ook at  the urban and rura l  separate bu i ld ing  scenari o  
and deve lop  a  communicat i on  l i nk .  
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The d i agram in  the f i gures  above are des igned to  faci l i tate t he  
urban/suburban  dep loyment .  This  s ing le l i nk  w i l l  p rov ide a  
phys i ca l  p ath for the “ inc ident  response request ”  and th e  
“ inc ident  i nformat ion  response”  data f lows .  P lease note that  thi s  
i nformat i on  can  be t ransferred  in  the  form of vo ice or data .  Th e  
f ina l  system requ i rements  document  w i l l  p rov ide the detai ls .  Fo r  
purposes  of  this  i l lu strat ion  we w i l l  assume that  th e  
communicat i on  i s  a  data t ransact ion  us i ng a  specif i c  software  
app l i cat ion .  

RURAL SYSTEMS 

The rura l  sett i ng  i s  characteri zed  by  a  lack  of  avai l ab l e  
e lectri ca l  power and te lephone company infrastructure .  Thi s  
p laces  a  greater f inanci a l  burden on  the deve lopment of  a  
te lecommuni cat ions  system .  The rura l  communi cat ion  l i nks  can  use  

the same type of  w i re l ine system (as  the urban examp le) .  
However,  a  port i on  of  the  leased DS-1  l i nk month ly  fees  are  
based  on  d is tance .  In  the  urban  system , the TMC and  the EMA 
may on ly  be separated by  severa l  c i ty  b locks .  A rura l  s i tuat ion  
cou ld  have the TMC and the EMA separated by  10 to  15 m i les .  T he  
month ly  cost  of  the leased l i ne becomes a  major cons iderat ion  –  a  
56 KBps  leased  l i ne  may cost  more  i n  the rura l  sett ing than th e  
DS-1  in  the urban sett i ng because leased te lephone l i ne  serv ices  
have a  mi leage  based pri ce component .  Although the monthly  fees  
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F igure  3 -10 :  D iagram -  TM C to  EM A Rura l  us ing  Leased  Te lephone  L ines  
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are p rimari l y  based on  bandwidth ,  a  one mi le  DS-1  may have a  
lower overa l l  cost  than a  20 mi le  56 Kbps  leased l i ne .  

Severa l  a lternat ives  can  be cons idered to  he lp  l ower the overa l l  
cost  of  the  communi cat ion  l i nk .  Voi ce communicat i on  v i a  a  
te lephone i s  one way  to keep  costs  down .  A d i a l -up  modem cou ld  
be used for low  bandwidth data communi cat ion .  If  a  mi crowave  
system is  ava i lab le ,  a  hybrid  w ire l ine-microwave system cou ld  b e  
created .  Many  states  have  microwave backbones  that  can  be  
accessed by  mult ip le  agenci es .  The key  concept  to  understand i s  
that  the Nat iona l  Archi tecture f lows are not  affected  by th e  
te lecommuni cat ions  infrastructure .  The fo l l ow ing i s  an  examp le of  
a  hybrid  b lock d i agram 

The above d iagram assumes that  the TMC and EMA are  located  
w ithin  1000 feet  of  a  mi crowave s i te .  A private ly  constructed  
communicat i ons  l i nk to  the  tower s i tes  wou ld  be very  cost  
eff ic i ent .  If  the bu i ld i ngs  are  severa l  mi les  from the s i tes ,  i t  
may be more cost  eff ic i ent  to  l ease a DS-1  between the bu i ld i ngs  
and the tower s ites .  A comparison  of  communicat i ons  systems  
used i n  rura l  and urban sett i ngs  w i l l  show that  rura l  systems are  
more  expens ive to  construct .  The vari ance in  cost  i s  accounted  
for on  a  d istance bas is .  One  of  the p rimary  engi neering p roblems  
for te lecommuni cat i ons  systems is  that  of  overcoming d istance .  
By  compari son ,  rura l  systems must  overcome  s i gn i f icant ly  longer  
d istances  than urban systems .  There  are a  number of  other  
p roblems whi ch must  be overcome . Addit i ona l  materi a l  about  
te lecommuni cat ion  p rob lems associ ated w ith rural  IT S 
dep loyments  can  be  found i n  the addendum chapter9.  

                                                 
9 Written Testimony of Stephen Albert, Director Western Transportation Institute, Montana State University to 
United States Senate Committee on Environment and Public Works Subcommittee on Transportation, Infrastructure 
and Nuclear Safety. 
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National Transportation Communication for Intelligent Transportation 
Systems Protocol (NTCIP) 

The fo l l ow ing statement i s  p rov ided on  the NTCIP i ntroductory  
web page 10:  “The  NTCIP is  a  fami ly  of  standards  that  p rov ides  
both the ru les  for communicat ing ( ca l l ed  protoco ls )  and the  
vocabu lary  ( ca l l ed  objects)  necessary  to  a l low  electron i c  t raff i c  
contro l  equ ipment from different  manufacturers  to  operate w ith  
each other as  a  system . NTCIP standards  reduce the need for  
re l i ance on  specif i c  equ ipment  vendors  and customized one-of-a-
ki nd  software .  To  assure  both manufacturer and user community  
support ,  NTCIP is  a  jo in t  p roduct  of  the Nat iona l  E lectron ics  
Manufacturers  Associ at i on (NEMA) ,  the Ameri can Associ at ion o f  
State Highway and Transportat i on  Offic i a ls  (AASHTO) ,  and the  
Inst itute of  Transportat i on Engi neers  (ITE) . ”  

For te lecommuni cat i on  purposes ,  the NTCIP User Gu ide p rov ides  a  
further defi n i t ion :  “NTCIP i s  a  fami ly  of  communicat i on  

                                                 
10 http://www.ntcip.org  

F igure  3 -11 :  NTCI P  Standards  Framew ork  
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standards  for t ransmitt ing data and contro l  i nformat ion  between  
microcomputer contro l led  dev i ces  used i n  Inte l l i gent  
Transportat i on  Systems” .  These s tandards  are specif i c  t o  
t ransportat ion ,  and  bu i ld  upon exi st ing (and deve lop ing )  
te lecommuni cat ion  standards  and protocol s .  

A t raff i c  s i gnal  contro l  system us i ng tw isted pai r  (see chapter 2)  
communicat i on  l i nks  and an  RS 232 interface before the  
imp lementat i on  of  NTCIP w i l l  cont i nue to  use the same w i r in g  
p rotoco l  after the implementat ion  of  NTCIP .  This  w i l l  a lso  b e  
t rue for an  inc ident  management system us ing CCTV transmitted  
v ia  f iber opt i c  cab le .  The phys ica l  in terface for the t ransmiss io n  
of data and  thei r  associated s tandards  and protocols  do n ot  
change .  

Imp lement i ng NTCIP as  part  of  
the te lecommuni cat ions  
infrastructure requ i res  carefu l  
ca lcu lat ion  of  bandwidth .  NTCIP  
protoco ls  add “overhead” to  the  
communicat i on  p rocess .  Som e 
systems that  exis t  today  can  
hand le this  added overhead  
w ithout  re-conf igurat i on .  Others  
w i l l  requ i re  changes .  

A t raff i c  s i gnal  system that  has  
15  contro l l ers  sharing a  s ing le 9 .6  Kbps  mul t i -drop  communicat i on  
c i rcu it  may ,  (dependi ng upon the specif i c  NTCIP protocol )  need to  
be reconfi gured .  The re-conf i gurat i on  may requ i re  the  use  o f  
more bandwidth,  or a  reduct ion  of  the number of  contro l l ers  on  
the c i rcu it .  The NTCIP User Gu ide p rov ides  a  carefu l  examinat ion  
of  the i ssues  re lated to  bandwidth ca lcu lat ion  and th e  
imp lementat i on  of  NTCIP .  The NTCIP User Gu ide can be found at  
the fo l low i ng web address :  ht tp : //www .nt c i p .o r g/ l i br ar y/ g u i d e . as p  

The materi a l  contai ned  in  th is  sect ion  was  developed from 
informat i on  avai l ab le from the Nat ional  Transportat ion  
Communi cat i on  ITS Protocol  (NTCIP)  web s i te .  The reader i s  
referred to  ht t p: / /www .n tc i p .o rg  for specif i c  informat ion  and  
resources .  

The Nat iona l  Transportat ion  Communi cat ions  for ITS Protoco l  
(NTCIP)  i s  a  group  of  communi cat ions  p rotoco ls  deve loped  for  
t raff ic  and transportat i on  systems .  The  transportat ion  

Overhead is any information 
that is added to a 

communication transmission and 
is not part of the original 

message. This information is 
used to identify transmission 

origin and destination, assist 
with network management, look 

for transmission errors, etc. 
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community  has  l ong needed a mechanism  whereby  
interchangeabi l i ty  and i nteroperabi l i t y  for the  various  
components  of  t ransportat i on  systems cou ld  be achi eved .  It  i s  
for this  reason  that  NTCIP  i s  being w idely  embraced  and i s  being  
specif i ed for new system dep loyments .  

NTCIP protoco ls  a l l ow  for the in terchange of  dev ices  of  s imi l a r  
purpose and d i fferent  manufacture  to  be p laced in  systems .  Th e  
protoco ls  a l low  for many d i fferent  dev i ces  to  share  a  commo n  
communicat i on  channel .  

Interchangeabi l i ty  i s  def i ned as  the capabi l i ty  to  exchange  
dev i ces  of  the same type (e .g . ,  a  s igna l  contro l l er from d ifferent  
vendors)  w i thout  changing  the software .  Interoperabi l i ty  i s  
def i ned as  the capabi l i ty  to  operate dev i ces  from d ifferent  
manufacturers ,  or d i fferent  dev i ce types  ( e .g . ,  s i gnal  contro l lers  
and dynamic message s i gns)  on  the same communicat i on  channe l .  

NTCIP is  a  su ite of  communi cat ions  p rotoco ls  and data defin i t i ons  
that  have  been des igned to  accommodate the d iverse  needs  of  
various  subsystems and user serv ices  of  the Nat iona l  ITS  
Arch itecture .  It  i s  i ntended  principa l ly  to  hand le these needs  i n  
two areas :  communi cat ions  between a  management center and  
f ie ld  dev ices ,  and communicat i ons  between two or more  
management centers .  Examp les  of  the f i rst  app l i cat ion  i nc lude  
t ransfer of  command and conf i gurat ion  data between a  
t ransportat ion  management  center and  f i e ld  dev i ces  such as  
t raff ic  s i gna l  contro l l ers ,  dynamic message s i gns ,  env i ronmenta l  
sensor stat i ons ,  ramp meters ,  etc .  Examples  of  the  second  
app l i cat ion  inc lude t ransfer of  data between mu lt ip le  management  
centers  w ithin  one agency ,  as  wel l  as  t ransfer of  data  between  
management centers  operated by  d i fferent  agencies .  

NTCIP d iffers  from past  p ract ice in  def in i ng communicat i ons  
p rotoco ls  for management  systems i n  that  i t  i s  not  a  s ing l e  
communicat i ons  p rotoco l  des igned for one purpose .  Rather i t  
cons ists  of  a  who le su ite of  p rotoco ls  coveri ng  the spectrum fro m 
s imp le po int-to-po int  command/response p rotoco ls  to  qu it e  
sophis t icated object  or iented techniques .  Thi s  i s  because of  the  
d ivers ity  of  the app l i cat ions  into  whi ch NTCIP is  being dep loyed ,  
and  the  resu lt i ng  d ivers ity  of  app l i cat ion  specif i c  charac terist i cs  
such as  type and quant ity  of  data to  be t ransferred,  cr i t i ca l i t y  
of  data  t ransfer t imes ,  acceptab le cost  of  communicat i ons  
infrastructure ,  cri t ica l i ty  of  data security  and  integrity  i ssues ,  
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to name a  few .   Insofar as  data def in i t i ons  are  concerned,  NTCIP  
does  not  complete ly  def i ne the funct iona l i ty  of  the centra l  o r  
f ie ld  dev i ces  to  whi ch i t  app l i es .  It  on ly  specif i es  the data  
objects  to  be t ransferred  and l imited funct i onal i ty  d i rect ly  
re lated to  these objects .  For example ,  NTCIP does  not  defi ne th e  
detai l s  of  how  a  t raff i c  contro l l er operates ,  e .g . ,  i t  does  not  
defi ne that  a  green must  be terminated by  a  ye l low  and that  a  
red must  be d isp layed after a  ye l l ow .  However,  i t  p reci se ly  
def i nes  the data that  may  be communi cated between  t raff i c  
contro l l ers  and t raff ic  management  centers ,  and thereby  defines  
the aspects  of  funct iona l i ty  (e .g . ,  i t  requ i res  that  the length of  
the ye l low  c learance in terva l  must  be as  ind i cated by  the phase  
Yel low  Change object) .  

NTCIP standards  and protocols  are not  des i gned to  rep lace the  
genera l  s u ite of  communi cat i on  s tandards  and  protoco ls  developed  
by  other standards  organ i zat ions  (e .g . :  IEEE;  ASHTO; etc .) .  In  
fact ,  i t  i ncorporates  many of  those standards .  

The in troduct i on  to  th is  chapter ind icated that  the  use  of  
p rotoco ls  adds  the “cost  of  bandwidth” .  The primary  ru le that  
needs to  be fo l l owed in  the des i gn  of  a  communi cat ion  system is  –  
“nothi ng  is  free ! ”  Every communi cat ion  p rotoco l  adds  to  the tota l  
amount  of  data being t ransported .  The requ i rement  for addit ional  
bandwidth to  accommodate “overhead” p rotocol s  shou ld  not  b e  
cons idered in  negat ive l i ght .  But ,  i t  must  be cons idered !  

“Overhead” i s  anything that  adds  to  the communicat i on  
requ i rement .  Any p rotoco l  for network management ,  any  
informat i on  that  ident if i es  a  dev i ce,  any  informat i on  that  i s  used  
for command  and contro l ,  and  rout ing i nformat ion  i s  cons idered as  
overhead .  If  the informat ion  i s  not  part  of  the message –  i t ’ s  
overhead !  Note:  The actua l  amount of  overhead requ i red by  th e  
use of  NTCIP ,  or any  other OSI layer support  i s  dependant  upo n  
the actua l  conf i gurat i on  of  the NTCIP,  or OSI Mode l ,  l ay er 
p rotoco l .  

NTCIP i s  used for dev ice  management  and systems  message  
management .  The fo l l ow ing  tables  p rov ide examp les  of  NTCIP  
protoco ls :  
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Tab le  3 -3 :  N TCIP  Device  M anagement  Pro to co l  L is t  

Device Management 

1  
Traff ic  s igna l  management system commun icat ing  w ith 

traff ic  s igna l  contro l lers  at  intersect ions .  

2  

Trans it  management system commun icat ing  w ith mon itor ing 

dev ices  and  passenger  informat ion s igns  on  transit  vehic les  

and  at  trans it stat ions  and  stops .  

3  
Freeway  management system commun icat ing  w ith detectors  

and  ramp meters  on  freeways .  

4  

Traff ic  management system contro l l i ng  CCTV cameras ,  

dynamic  message  s igns ,  adv isory  rad io  transmitters , 

env ironmenta l  sensors,  and traff ic  count  stat ions  on 

roadways .  

5  
Prov ide  a  synchron ized t ime source  for  a l l  dev ices  

(especia l ly  traff ic  s igna l  contro l lers)  i n  a s ing le  system.  

 

Tab le  3 -4 :  N TCIP  L is t  o f  S ys tems M anagement  Pro toco ls  

Systems Message Management 

1  

Two or  more  traff ic  s igna l  management  systems exchang ing  

informat ion  ( inc lud ing  second-by -second  status  changes)  to  

achieve  coord inated operat ion  of  traff ic  s igna ls  managed by  

the  d ifferent  systems and to  enable  personne l  at  one  center  

to  mon itor  the status  of  s igna ls  operated from another  

center .  

2  

A trans it  system report ing  schedule  adherence except ions  

to  k iosks ,  to  a  trans it  customer  informat ion  system,  and  to 

a  reg iona l  trave ler  informat ion  system,  whi le  a lso  ask ing a 

traff ic  s igna l  management  system to  instruct  i ts  s igna ls  to 

g ive  pr ior i ty to  a  behind-schedule  trans it  vehic le .  

3  
An  emergency management system report ing  an  inc ident  to a  

freeway  management system,  to  a  traff ic  s igna l  management 

system,  to  two  trans it  management  systems,  and to  a 
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trave ler  informat ion  system.  

4  

A freeway management  system informing an  emergency 

management system of  a  warn ing  message just  posted on  a  

dynamic  message  s ign  on  the  freeway  in  response  to  i ts 

not if icat ion  of  an  inc ident .  

5  Center  –  to  –  Center Commun icat ions  

6  Center  –  to  –  Fie ld  Dev ice  Commun icat ions  

 

As  of  the  date  of  this  handbook,  ind iv idua l  NTCIP  syst em 
packages  are  st i l l  under development .  The reader shou ld  check at  
the web s i te for the l atest  i nformat i on .  

Conclusion 

From a telecommuni cat i ons  perspect ive ,  neither the  Nati ona l  ITS 
Arch itecture ,  nor NTCIP prov ides  answers  to  des i gn  p roblems .  
NTCIP i s  a  recommended  set  of  communi cat ion  p rotoco ls  based on  
exis t ing (telecommunicat i on)  standards .  The Nat iona l  ITS 
Arch itecture  p rov ides  s ign if icant  detai l  on  communi cat ion  f lows ,  
but  does  not  p rov ide a  des i gn  of  the telecommuni cat i ons  system .  
The deve lopers  of  the architecture  understood  that  the  des i gn  o f  
a  communi cat ion  system wou ld  be un ique for each ITS system .  
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4. CHAPTER FOUR – DEVELOPING THE 

TELECOMMUNICATION SYSTEM 

Introduction 

Telecommuni cat ion  systems can  be  very  comp lex and d iff icu lt  to  
des i gn  because there i s  u sua l ly  more than one way to  meet  
requ i rements .  Often ,  several  communicat ion  protoco ls  must  be  
used in  the f i na l  des ign .  This  chapter attempts  to  prov ide th e  
t raff ic  engi neer,  and t raff ic  system project  manager,  w i th a  
suggested  process  for deve lop ing  the  des ign  and  specif i cat ion  fo r  
a  communi cat ions  network to  support  t raffi c  s i gna l  and  freeway  
management  systems .  A theme that  i s  repeated throughout  thi s  
handbook i s  that  the des i gn  of  a  communi cat ions  network to  
support  roadway and  t ransportat ion  funct i ons  i s  not  a  stand-a lone  
p rocess .  The determinat ion  of  funct iona l i ty  and se lect i on  of  
opt ions  must  be done as  an i ntegrated part  of  the overa l l  t raff i c  
management  system des i gn .  Personnel  respons ib le  for the  
deve lopment of  the  communicat i ons  system shou ld  be  fu l l  
members  of  the overa l l  p roject  team . 

Centra l  to  the deve lopment  of  the communi cat ion  system is  the  
fact  that  i t  i s  there to  serve the requ i rements  of  the overa l l  
p ro ject .  Communi cat ion  p roject  personne l  shou ld  attend  genera l  
p ro ject  p lann ing meet ings .  If  new roadway construct i on ,  o r  
roadway modif i cat ion ,  i s  part  of  the overa l l  p roject ,  
communicat i on  engineers  shou ld  be i nc luded .  

This  chapter i s  organ i zed into s i x  p rimary  sect i ons .  F i rs t ,  a  
recommendat ion  of  qua l i f i cat ions  for a  te lecommunicat i ons  
consu ltant ,  i nc lud ing types  of  experi ence and educat ion .  The next  
three sect ions  are  devoted to  the Requ i rements  Document .  Th e  
deve lopment of  a  comp lete requ i rements  document i s  essent i a l  t o  
the p roper imp lementat ion  of  a  te lecommuni cat ions  system .  The  
f ina l  sect i on  conc ludes  th is  chapter w ith some bas i c  
recommendat ions  for managing the communi cat ion  project .  

Selecting the Consultant 

This  sect i on  p rov ides  gu ide l ines  for select i ng  an  engineeri ng /  
communicat i ons  consu l tant  w ith  the r i ght  qua l if i cat ions .  Three  
bas i c  qua l if i cat ion  areas  must  be cons idered when se lect ing a  
qua l i f i ed  communi cat ion  consu ltant :  experi ence ,  educat ion ,  
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project  background .  And ,  these four (4)  bas ic  ru les  app ly  i n  
maki ng  the se lect ion :  

THERE’S NO SUBSTITUTE FOR EXPERIENCE. 

Qua l if i ed  app l icants  need to  demonstrate a  good understand ing o f  
how each e lement  of  a  communi cat ion  system w i l l  impact  on  the  
v iabi l i ty  of  a  who le system . There  are  on ly  a  few eng ineerin g  
schools  offeri ng degree  programs in  te lecommunicat i ons .  
Technology  changes  faster than the p rofessors  can  wri te new  
text  books .  

Communi cat i on  Engineers  don ’t  des i gn  t raff ic  ( or  freeway  
management)  systems don ’t  use a  t raff i c  engineer to  des i gn  a  
communicat i on  network .  

There ’s  no  subst itute for  experi ence .  Consu lt ing f i rms (or  
ind iv iduals )  shou ld  have at  least  10 years  ( as  ind iv i dua ls  o r  
combined w i th other team members)  of  experi ence  in  analys is ,  
des i gn  and  imp lementat ion  of  communi cat ions  systems .  Ten years  
may  seem l i ke a  very  heavy  requ i rement ,  but  w i l l  assure  that  th e  
engineer (or f i rm)  w i l l  have a  broad range and depth of  
experi ences .  Most  communi cat ion  system engineers  are  used to  
the idea of  weari ng  many hats .  And ,  as  techno logy  changes ,  there  
i s  a  greater need to  have a  broad app l i cat ion  experi ence than a  
specif i c  focus .  There  i s  a lso  a  need to  understand legacy  
techno logi es .  In  many c i rcumstances ,  the  communi cat ion  engineer  
must  des i gn  a  system that  a l l ows  for the use of  l egacy  
techno loggy ,  adds  current  technologi es ,  and  p rov ides  fo r  
implementat i on  of  future  techno logi es .  

During  the  course of  writ i ng this  handbook,  more  than  a  dozen  
new IEEE standards  re lat i ng  to  Ethernet  and the app l i cat ion  o f  
Ethernet  to  w i reless  and  broadband w i re less  were  either  
publ i shed ,  or sent  to  committees  for f ina l  acceptance ,  and there  
are about  a  dozen more in  deve lopment .  S ince the ear ly-1990s  
there has  been a  focus  –  by  the te lecommuni cat ion  carri ers  –  to  
move from primary  support  of  ana log vo i ce  based serv i ces  to  data  
t ransmiss ion  serv ices .  Duri ng that  same peri od ,  Transportat ion  
agenci es  –  on  a  broad sca le -  embraced the use of  technology  to  
support  thei r operat ions .  Thei r  use of  te lecommunicat i on  
techno logi es  has  very  rap id ly  evo lved from analog systems to  
d ig i ta l  data systems and the  use of  w i re less .  There  i s  a  genera l  
convergence of  vo i ce based  and data based  telecommunicat i ons  
serv i ces .  This  creates  a  greater need for communicat i on  
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engineers  to  deve lop  a  broad  based background .  During the  
t rans i t ion  period ,  i t  i s  important  for te lecommuni cat ion  system 
des i gners  to  have an  understand ing of  both analog and d ig i t a l  
communicat i on  systems .  

DIFFERENT TELECOMMUNICATION DESIGN SPECIALTIES 

Many speci a lt i es  have engi neers  that  p rimari ly  do des ign  and  
others  that  focus  on  construct i on  or manufacturing .  The same i s  
t rue for te lecommuni cat ions .  There  are engi neers  that  on ly  do  
des i gn and those that work on the construct ion  of  the systems .  
For most  ITS projects  i t ’ s  a  good idea  to  have at  l east  on e  
member of  the des i gn  team that  has  experi ence in  both th e  
des i gn  and imp lementat i on  of  communicat i on  systems .  Most  
communicat i on  system des i gners  have learned va luable l essons  b y  
actual ly  hav ing to  make thei r des ign  work .  Larger f i rms may have  
s ign i f i cant  breadth of  exper ience in  develop ing t raff ic  s i gnal  and  
freeway management systems .  However,  you ’ l l  want  to  l ook c lose ly  
at  thei r experi ence w ith communicat i ons  systems des ign  and  
dep loyment .  If  you  are maki ng a  cho i ce between two  or more  
qua l i f i ed  f i rms ,  t ake a  hard look at  both corporate and i nd iv idua l  
personnel  experi ence .  

Many IT  personne l  have  s ign if i cant  experi ence w ith the  
dep loyment of  Loca l  Area  Networks ,  but  the may  lack  a  
background w ith the types  of  systems requ i red for  freeway  
management and t raffic  s i gnals .  Loca l  area networks  are genera l l y  
dep loyed within  a  bu i ld i ng .  The personne l  des i gn ing those  systems  
don ’t  have to  worry  about  l ocat i on  of  the medi a infrastructure ,  
or bringing power to  a  communicat i ons  cabinet ,  or us ing equ ipment  
that  can  surv i ve extremes  of  temperature  and mois ture .  On  the  
other hand ,  make certain  that  an  experi enced IT person i s  
invo lved in  des i gn  of  the contro l  center .  

TYPES OF TELECOMMUNICATIONS EXPERIENCE 

Communi cat i on  system eng ineers  shou ld  have the fo l l ow in g  
experi ence ( this  can  be def ined as  e ither d i rect  exper ience o r  
the management  of  i nd iv idual s  and  f i rms doing the work) :  

•  Construct i on :  D i rect  buri a l ;  condu it  des i gn ;  po le mount ing of  
cab le;  towers  and roof mount i ng  of  antennas  for rad i o  
systems .  
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•  Equ ipment  insta l l at i on :  mu l t ip lexers  ( analog,  d i g i ta l ,  and  
f iber opt i c) ;  modems;  DSU/CSU;  routers ;  swi tches .  

•  System Des ign :  VF ( vo i ce  frequency) ;  D i g ita l  (T-1/T-3 ,  
Compressed Video) ;  F iber Opt i c  (SONET, ATM, Video) ;  
Wire less ;  Ethernet ,  Video  Over IP  (VIP) ;  Voice over  IP  
(VoIP) .  

•  Experi ence in  creat ing a lternat ives  analys is  to  p rov ide  
severa l  opt ions  for meet ing requ i rements .  

•  Desi gn  and dep loyment  of  communicat i ons  systems fo r  
t raff ic  and  t ransportat i on  purposes .  Very  important  –  a  
communicat i on  engi neer w ith no concept  of  t raff i c  and  
t ransportat ion  systems won ’t  understand what  the  
communicat i on  system has  to  support .  

•  The project  background of  a  communi cat i on  consu lt ing  
engineer i s  important .  P rojects  denote experi ence .  

•  Overa l l  p ro ject  experi ence  shou ld  be a  combinat ion  of  
genera l  communi cat i ons  systems des i gn  and dep loyment  as  
wel l  as  specif i c .  

•  Look for projects  that  re late to  the object ives  of  the  
current  p roject .  

•  Any  other re levant  experi ence that  d i rect ly  re lates  to  the  
specif i c  p roject .  

KNOWLEDGE OF TELECOMMUNICATIONS SYSTEMS RELATIONSHIPS 

Seek out  engineeri ng ta lent  w ith a  good understand ing  of  how  
each e lement  of  the communicat i on  system w i l l  impact  on  th e  
v iabi l i ty  of  the who le system. The fo l l ow ing shou ld  be app l ied  in  
the search  for qua l i f i ed  f i rms and  personne l :  

•  There i s  a lmost  never a  s i tuat i on  in  whi ch one type  of  
communicat i on  system ( or e lement)  w i l l  p rov ide a  so lut ion  
for a l l  system requ i rements .  Very  few communicat i ons  
systems use on ly  one type of  techno logy  –  look for personne l  
w ith a  vari ety  of  system des i gn  and dep loyment  experi ence .  

•  Most systems use combinat i ons  of  technologi es .  An exis t ing  
large  t raff ic  s igna l  contro l  system may  use tw isted  copper  
pai r connect ions  between loca l  contro l l ers  and f i e ld  masters ,  
and a  f i ber connect i on  between the f i e ld  masters  and  the  
centra l  computer.  The  l oca l  DOT may have  decided  to  
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upgrade the system by adding in tersect i ons  and us ing  
w i re less  for the new communicat i on  l i nks .  The new  
communicat i on  system may  a l so  have to  be capab le  of  add ing  
CCTV and trave ler i nformat ion  s i gns .  The communi cat ion  
engineer respons ib le  for complet ing the des i gn  shou ld  have  
experi ence  w ith a l l  of  the p roposed equ ipment ,  the  legacy  
equ ipment ,  and the necessary  communicat i on  protocols .   

•  An experienced communi cat ion  system engi neer w i l l  
understand how a l l  of  the e lements  can  be made to  work  
together.  Traff i c  engineers  may have s i gn i f icant  experience  
w ith  the legacy  port i on  of  the system , but  won ’ t  understand  
how to integrate w ith the f iber and poss ib ly  Ethernet  and  
broadband w i re less  systems .  System des i gners  lacki ng  
suff i c i ent  experience  and educat ion  in  on ly  one  p i ece  of  the  
communicat i on  requ i rements  for the above system w i l l  
p robab ly  make a mistake and there w i l l  be a  need to  spend  
addit i onal  money to  correct  the p rob lem . 

•  An experi enced communicat i ons  engi neer w i l l  ask  quest i ons .  
They w i l l  want  to  know how  the t raff ic  s i gna l  or freeway  
management  system is  supposed to  work and the  
communicat i on  needs  of  each e lement  of  the system before  
creat i ng  a  des i gn .  When worki ng w ith a  communi cat ions  
engineer,  te l l  them what  you  want  the communi cat ion  system 
to  p rov ide ,  not  the type of  techno logy  requ i red .  

EDUCATIONAL QUALIFICATIONS 

Educat i on  i s  important ,  however,  there are  on ly  a  few  
Univers i t ies  offering degree  programs  for communi cat ion  system 
des i gn  and/or engineeri ng .  Most  engineering schoo ls  offer 
courses  in  communicat i on  techno logy .  However,  the courses  are  
des i gned to  p rov ide the student  w ith  a  fundamental  understand ing  
of  how the techno logi es  work .  Addit i onal  po ints :  

•  Univers i t ies  can ’ t  make curri cu lum changes  that  keep  
pacewith the changes  i n  communicat i ons  technology .  Th e  
imp lementat i on  of  new technologi es  i s  occurri ng w ithin  a  
short  t ime frame after  thei r  in vent ion  Coincident ly ,  
un ivers i t ies  are at  the forefront  of  both the deve lopment  of  
new  communi cat ion  technologi es  and  thei r  immed iate  
imp lementat i on .  
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•  Univers i t ies  offer courses  i n  communi cat ion  techno logi es  to  
p rov ide s tudents  w ith knowledge that  w i l l  ass i st  in  the  
des i gn  of  communi cat ion  hardware .  These courses  are  
normal ly  associ ated w i th the E lectrica l  Engi neering p rogram. 

•  Many un ivers it i es  offer management leve l  course work  in  
te lecommuni cat ions  technology ,  but  these are  general l y  
focused on  the  economic aspects ,  and  strategies  for thei r  
use .  The Rochester Inst i tute  of  Techno logy ,  Rochester,  New  
York ,  offers  Undergraduate  and Graduate degree programs  
in  the f i e ld  of  Te lecommuni cat ions .  The school  a lso  offers  
severa l  cert if i cate p rograms .  More  informat ion  i s  avai lab l e  
at  http://www.rit.edu .  

•  There  are  no Profess i onal  Engineering l i censes  for  
Communi cat i on  Engineers .  The E lectri ca l  P .E .  l i cense exams  
don ’t  cover telecommunicat i ons .  

•  An i nd iv idual  w ith  an  E lectri ca l  Engineering Degree and  a  PE  
i s  not  necessari l y  a  communicat i ons  engineer.  However ,  an  
ind iv idual  w ith a  C iv i l  Engineering Degree ,  a  PE and 5 to  10  
years  of  experience in  the  construct ion  of  communi cat ion  
networks  shou ld  be heav i ly  i nvo lved in  both the des i gn  and  
dep loyment of  communicat i ons  infrastructure .  

•  Many qua l i f i ed  communi cat ion  engineers  have a  Bache lors ,  or  
Masters  Degree ,  i n  a  non-engineering f i e ld .  However,  thei r  
qua l i f i cat ion  for communicat ion  system des i gn  was  learned  
on  the job .  Many have attended technica l  courses  prov ided  
by  equ ipment  manufacturers  or p rofess i onal  deve lopment  
companies .  Taking these profess iona l  courses  or seminars  i s  
a  good way to keep  “current ”  on new communi cat ion  
techno logi es .  

•  Many Communi ty  Co l l eges  offer Associ ate Degree  Programs  
in  communi cat ion  and techno logy  engi neering .  These  
p rograms genera l ly  focus  on  the construct i on  of  
te lecommuni cat ion  infrastructure ,  the i nsta l lat ion  of  medi a  
and use of  test  equ ipment .  

•  The Armed Forces  offer excel lent  t rai n ing p rograms and  an  
opportun ity  to  des i gn  and  imp lement  te lecommuni cat ion  
systems .  Many ind iv iduals  worki ng in  te lecommuni cat i ons  
have been through these p rograms .  There ’s  a  l ot  of  good  
experi ence gained by  ins ta l l i ng ,  operat ing and  mai ntai n ing a  
te lecommuni cat ions  network i n  a  combat area .  
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Requirements Analysis 

The communi cat ion  system requ i rements  document i s  based on  th e  
overa l l  concept of  operat i ons  for the t raff ic/transportat i on  
system . Keep  in  mi nd that  the communi cat ion  system is  a  
support ing  e lement  of  the overa l l  system . It  i s  important  for th e  

p roject  team to  make certai n  that  the communi cat ion  engineer i s  
fu l ly  aware  of  the concept of  operat i ons  for the main  pro ject .  

The requ i rements  ana lys is  sets  the  tone for the who le  p roject .  
Organ i zi ng the requ i rements  ana lys is  into  p r imary  e lements  w i l l  
he lp  the p roject  team v isual i ze the i nteract ive re lat i onsh ips .  Th e   
organ i zat i on  chart  (f i gure  4-1)  i s  a  suggested representat ion  o f  
one method of creat ing the  v isua l i zat ion .  The reader may have  
another p referred way to  show the relat i onships .  There i s  no  
“ ri ght ”  or “wrong”  way  to  p resent  the i nformat ion .  S imp ly  b e  
aware  that  creat ing a  requ i rements  ana lys is  for the  
communicat i ons  system starts  w ith the overa l l  p rogram 
requ i rements  ana lys is .  

F igure  4-2 ,  shows the re lat ionships  of  the major funct iona l  
e lements  of  a  p roposed system and the genera l  communi cat ion  l i n k  
requ i red .  In  chapter 3 we looked at  how the Nat i ona l  
Arch itecture  is  used  to  structure  a  re lat ionsh ip  between  vari ous  
e lements  of  a  freeway management system . The requ i rements  

F igure  4 -1 :  F ie ld  Devices  Communica t ion  L ink  Requ i rements  
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analys is  i s  the p rocess  for tel l ing systems des igners  what  system 
funct i ona l i t y  i s  needed .  If  the whole  p roject was  l a id  out  i n  a  
b lock d iagram ,  the f i gure 4-3 wou ld  represent  one port ion  of  the  
overa l l  d iagram . This  d i agram represents  the communicat ion  l i nks  
for the  f i e ld  equ ipment .  

Once the ro le of  the  communicat i on  system –  i n  terms  of  the  
overa l l  p rogram –  i s  estab l i shed ,  the communi cat ion  engineer  
shou ld  focus  on  develop ing  this  aspect  of  the  requ i rements  
document .  Fo l l ow ing i s  an  examp le of a  communi cat ions  system 
centri c  requ i rements  re lat ionship  d i agram:  

The chart  is  generic .  There  is  no  attempt to  specify  techno logy  
on ly  genera l  requ i rements .  Communicat i on  technology  strategy  i s  
determined by  examinat ion  of  the speci f ic  system requ i rements .  
The communi cat ion  system is  one of  the operat iona l  e lements  o f  
the Incident  Management  System .  The chart  shows the  
re lat i onship  of  communicat i ons  systems to  the whole p roject  and  
ind iv idual  e lements .  The des i gn  engi neer w i l l  be forced to  exp la i n  
a l l  of  the l i nks  and not  overl ook any  requ i rements .  

F igure  4 -2 :  Char t  Re la t ionsh ip  Communica t ion  to  Overa l l  S ys tem  
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THE “GEE-WHIZ” FACTOR 

It  i s  important  to  approach the communicat i ons  system des i gn  
w ith  the r i ght  att itude .  There  is  a  tendency  to  look at  the “gee-
whiz”  of  communicat i ons  techno logi es  and  assume they w i l l  
support  p roject  requ i rements .  P roject  managers  and engineers  
shou ld  get  past  this  phase of  the requ i rements  ana lys is  as  qu ick ly  
as  poss ib le .  Streaming Video  over an  IP  Mu lt i - cast  network i s  not  
the on ly  so lut ion  to  p rov ide  for the d istr ibut ion of  v ideo .  The  
communicat i ons  systems are des igned,  and imp lemented ,  i n  
support  of  the t raff i c  management system –  not  v ice-versa !  

However,  there  i s  a  va l id  reason for us ing the “gee-whiz”  factor .  
P roperly  emp loyed ,  i t  can  lead to  some i nnovat i ve  uses  of  
techno logy .  An examp le of  the  innovat ive use  (w ithin  th e  
t ransportat ion  env i ronment)  i s  p resented in  Chapter 7 .  T he  
project  team shou ld  look at  the “ i f  anyth ing is  poss ib le ”  scenario .  
It  i s  perfect ly  acceptable to  ask  the communicat ion  eng ineer to  
look at  system opt ions  us ing lead i ng ( somet imes ca l led  “b leed ing” )  
edge techno logy .  The communicat i on  engineer ga ins  an  
understanding of  p roject  team expectat i ons .  In  return ,  th e  
pro ject  team is  prov ided w i th enough i nformat ion  to  make th e  
r i ght  decis i ons .  

Comp let ing the requ i rements  analys is  w i l l  p rov ide the  p roject  
deve lopment team w ith a  c lear understand ing of  the v i ab le  
a l ternat i ves ,  the ro le  of the  communi cat i on  system as  part  of  the  
overa l l  p roject  and a  potent ia l  budget  for the communicat i on  
system . 

The communi cat i on  requ i rements  ana lys is  shou ld  be completed as  
a  part  of  the overa l l  p ro ject  concept of  operat i ons  and  
requ i rements  analys is .  When pract i ca l ,  wait  unt i l  the  p roject  
requ i rements  ana lys is  i s  a lmost  comp lete .  The communicat i on  
system i s  there  to  serve the needs  of  the  overa l l  
t raff ic/transportat ion  system. 

KEEP EXPECTATIONS REALISTIC – ASK QUESTIONS 

•  Does the system have to  be  up  and runn ing 99 .999% ( “f ive  
n ines”)  of  the t ime? Does  the added cost  and comp lexity  
make  sense cons idering that  a  “f ive  n ines ”  to lerance i s  the  
equ iva lent  of  315 .36 seconds  (or 5 .256 minutes)  per year  of  
outage? 
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•  Is  QoS (Qual i ty  of  Serv i ce)  rea l ly  an  i ssue or i s  that  j ust  
the Ethernet/ATM/SONET account  manager ta lk i ng? 
Constant  moni toring  of  a l l  system e lements  i s  more  
expens i ve to  imp lement  than a  s imp le abi l i ty  to  l ocate  
p roblems .  

•  Are there d i fferent  requ i rements  for each l i nk and each  
dev i ce in  the system? Don ’t  let  one e lement  of  the system 
create p roblems for a l l  of  the other e lements .  Compromise  
w i l l  be necessary .  

•  Is  specif i cat i on  of  end to  end system l atency  of  1ms  
rea l i st i c?  Cons ider a  v ideo system with PTZ . For the PTZ 
contro l  a  specif i cat ion  of 1ms l atency  may seem reasonab le .  
However,  a  codec that  delays  the image by  2  seconds  w i l l  
make PTZ contro l  unusab le .  

•  Traffi c  s i gna l  systems  have  typ ica l ly  operated on  a  po i nt  to  
mu lt ipo int  po l l/response p ro toco l  that  requ i res  a  response  
w ithin  50ms or l ess .  Is  i t  rea l i st i c  to  expect  w i reless  or 
internet  based  systems to  meet  the  po l l i ng  l atency  
requ i rements  of  a  t raff i c  s i gna l  system? 

Recogni ze that  system re l i ab i l i ty  and qual i ty  are necessary  and  
des i rab le .  But ,  a lso  recogn i ze that  many features  and benefit s  
have a  cost .  Use the “KISS”  ( keep  i t  s imp le stup id)  p r incip le of  
system des i gn  whenever p ract ica l .  The requ i rements  document  
shou ld  help  answer the fo l low ing:  

•  Are there v iab le a l ternat i ves  that  can  help  to  lower the  
overa l l  cost? 

•  Can you  obtain  better funct ional i t y  and greater va lue us ing  
an  a l ternat ive  even though i t  adds  cost? 

•  Wil l  the use of  a lternat ives  add to ,  or reduce ,  overa l l  
system complexi ty?  

•  Can the system a l low  for  future  growth or techno logy  
changes? 

A Systematic Engineering Approach to the Requirements Analysis 

There i s  no  magic formu la ,  j ust  the t r i ed  and t rue “f ive  Ws and  
H” quest ion  and answer technique –  what ,  where ,  when,  who ,  why ,  
and  how . The  quest i ons  are not  comp lex ,  but  the  ind iv idua l  
answers  may po int  to  a  seri es  of  comp lex des ign  and  
imp lementat i on  i ssues  for the requ i red communi cat ions  system . 
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KEY POINTS TO CONSIDER: 

•  View the  communi cat ion  system as  a  part  of  the overa l l  
t raff ic/transportat ion  pro ject .  There  are  many examp les  of  
adding the communi cat i ons  network as  an  afterthought .  Thi s  
eventua l l y  causes  d issat isfact i on  w ith the communicat i ons  
system . The  end resu lt  i s  a  requ i rement  to  spend addi t i onal  
money to  correct  p roblems .  

•  Look at  the whole  system , not  just  the immed iate  
construct i on p roject .  Many ITS programs are deve loped  as  
part  of  a  roadway construct i on  p roject .  DOTs have been  ab le  
to  bu i ld  l ong l engths  of  h ighway by  breaking the  
construct i on  into  a  seri es  of  sma l l  p ro jects .  However,  those  
p roject  sect i ons  are  i n  fact  part  of  a  l arger p lan .  The  
communicat i ons  system shou ld  be part  of  the l arger p l an .  
There are too many examp les  of  DOTs adding a  d ifferent  
type of  communi cat ion  system to  each construct i on  p roject .  

•  The communi cat i ons  network  must  be analyzed and  des i gned  
to  serve the long-term traff ic  management needs  (e .g . ,  what  
w i l l  the u lt imate  system prov ide  in  terms of  geographic  
coverage and funct i onal i t y) .  The potent i a l  communi cat ion  
needs  of  other government  ent it i es  shou ld  a lso  be  
cons idered in  the  analys i s  and des i gn .  Don ’ t  des i gn  a  
communicat i ons  system for a  h ighway sect i on  p roject  that  
w i l l  be expected  to  serve as  part  of  a  l arger network that  
has  not  been p lanned .  

•  Answer the quest ions .  Take note that  most  of  the answers  
are prov ided in  the context  of  t raff i c  and transportat ion  
termino logy .  This  i s  recogn it ion  of  the purpose of  the  
system –  to  p rov ide communi cat ions  capabi l i t ies  for a  
t raff ic/transportat ion  system. 

•  Each of  the s ix  p r imary  quest i ons  w i l l  l ead  to  secondary  
quest ions .  

•  Fol l ow  the p rocess  through to  a  log i ca l  conclus ion .  

ASK THE QUESTIONS 

What  i s  the  purpose  of  the  proposed traff ic/transportat i on  
system? Look at  the ori g ina l  p roject  s tatement of  purpose  fo r 
th is  answer.  Re late the communicat i on  requ i rements  to  the reas on  
for the p roject ’s  ex is tence .  Most  p rojects  requ i re  b i -d i rect iona l  
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i nformat i on  f low .  Many requ i re bandwidth to  support  v i deo from 
CCTV cameras .  

•  Wil l  the communi cat ions  network need to  support  mu lt ip le  
funct i ons?  Each funct i on  (t raff i c  vo lume,  t rave le r  
informat i on ,  to l l  co l l ect ion ,  congest ion  management)  w i l l  
have i ts  own set  of  communi cat ion  requ i rements .  

•  What i s  the impact  of  the “Market  Packages ”  as  expressed  
in  the Nat iona l  Arch itecture  to  the  overa l l  p roject? 

•  What Nat iona l  Archi tecture  Standards  are env is ioned for  
the system? 

•  What  is  the ro le of  communicat i ons  in  the overa l l  
t raff ic/transportat ion  system? 

Where  w i l l  i t  be l ocated? Locat i on  of  the  pro ject  has  an  impact  
on  overa l l  des i gn  of  the phys ica l  i nfrastructure  and the  cost  o f  
construct i on  of  a  communi cat ion  network .  If  the p roject  is  to  b e  
constructed in  a  narrow mountai n  pass ,  i t  w i l l  create chal l enges  
that  won ’ t  be encountered on  a  l oca l  c i ty  street .  Where i s  th e  
TMC to  be  l ocated i n  re lat ion  to  the f i e ld  equ ipment?  

•  If the TMC is  located on  the  western edge of  a  c i ty  and the  
f ie ld  equ ipment  i s  located on  the eastern edge ,  how w i l l  a  
communicat i on  l i nk be created? Which w i l l  be more cost  
effect ive –  l ease ,  or construct  the communi cat i ons  l i nk?  

•  Locat i on may a lso  impact  on the type of communicat ion  
medi a .  During the “Gee Whiz”  d iscuss i ons ,  the p roject  team 
may assume that  Free  Space  Opt i cs  ( see techno logy  
descript ion  in  chapter 2)  wou ld  be a  good system , but  this  
may be negated by  the actua l  locat i on  of  the intended  
system . 

When  (over what  peri od  of  t ime)  w i l l  i t  be dep loyed? This  i s  a  
quest ion  that  is  d i rected to  the communicat i on  network .  Does  the  
p roject  p l an  ca l l  for imp lementat ion  over a  re lat i ve ly  short  peri od  
–  one to  two years  –  or a  long  period –  f i ve to  e i ght  years?  

•  During a  relat i ve ly  short  dep loyment  t ime frame,  p roject  
p lanners  can  assume that  communi cat ion  techno logy  w i l l  
remain  stable .  The communi cat ion  system des i gn  team can  
p ropose a  system w ithout  concern  that communi cat ion  
techno logy  and process  w i l l  change .  
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•  Taking into  cons iderat ion  the tota l  durat ion  of  
t raff ic/transportat ion  projects ,  one cou ld  expect  that  
p roposed equ ipment  and actua l ly  del i vered  equ ipment  w i l l  
have changed .  Examp le:  a  system was  speci f ied  that  requ i red  
a  DS-1  Mu lt ip lexer and a  separate CSU/DSU. By  the t ime  
the system was  dep loyed (1 .5  years  l ater) ,  most  
manufacturers  were offeri ng a  combined DS-1  Mux and  
CSU/DSU. This  l owered  overa l l  cost ,  s aved  space ,  and  
reduced power requ i rements .  The end user –  a  DOT –  
requ i red three months  of  meet ings ,  and  substant ia l  
paperwork before a l l ow ing the change -  i nc lud ing the sav ing  
of  money .  

•  Given the pace of  change and innovat i on  of  communi cat ion  
techno logy  and process ,  managers  of  long term projects  
shou ld  ant i c ipate changes  to  equ ipment  specif i cat ions .  Under  
these c i rcumstances ,  i t  mi ght  be w ise to  a l l ow  for a  second  
look at  communi cat ions  techno logy  before the f ina l  
specif i cat ions  are  publ i shed .  However,  don ’ t  make  changes  
that  w i l l  requ i re  a  tota l  re-write of  the specif i cat ions .  Loo k 
for improvements  (or enhancements)  that  create an  overa l l  
cost/benefi t  for the p roject .  

Who  w i l l  operate and mai nta in  the  system? Cons ider wheter the  
communicat i on  system w i l l  requ i re that  operat i onal  personnel  
act ivate vari ous  funct ions  of  the communi cat ion  equ ipment .  Al l  of  
the fo l low i ng may have an impact on the overa l l  des i gn  of th e  
communicat i on  system:  

•  Wil l  they  need to  know  how to t rouble-shoot  for  
communicat i on  p rob lems? 

•  Wil l  they  need to  be able to  effect  minor repai rs?  

•  Wil l  they  need to  conf i gure  the operat iona l  funct ions  of  the  
communicat i on  system? 

•  Do I have internal  staff  capab le of  maintain i ng the  
communicat i on  system? 

•  What  type of experi ence and educat i onal  qua l i f i cat i ons  are  
des i rab le?  

Answering the quest ion  of  who w i l l  operate and mai ntai n  th e  
system w i l l  l ead  to  operator  and  maintenance  staff qual i f icat i on  
requ i rements .  DOTs  have personnel  regu lat ions  and  gu ide l ines  
that  have to  be met i n  order to  p rov ide s taff i ng .  P riv ate  
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contractors  supp ly i ng operat ional  and maintenance personnel  may  
have  to  meet  other cr iteri a .  Outsourcing  might  be  a  reasonabl e  
cons iderat ion .  

Why  i s  the  t raff i c  system being dep loyed?  This  may seem 
redundant  to  the quest i on  of  “what ”  i s  being dep loyed ,  but  at  th i s  
po int  the p roject  team w i l l  focus  on  the specif i c  type of  t raff i c  
system . “Why”  might  be answered w ith a  l ook at  the research  
that  was  used to  just ify  the  dep loyment  of  th e  
t raff ic/transportat ion  system . The communicat ion  engineers  
respons ib le for ana lyzi ng and des i gn ing the commun icat ions  
system need to  be p rov ided  w ith a  good understand ing  of  how  
various  types  of  t raff ic/transportat i on  systems work .  This  w i l l  
lead  to  a  des i gn  of  the communicat i on  system based  on  the  
funct i ons  of  the t raff i c/transportat ion  equ ipment .  Examples  of  
various  systems that  shou ld  be exp la ined:  

•  Enforcement contro ls  (Traff i c  Si gna l ,  Speed,  etc . )  

•  To l l  Co l l ect ion  

•  Trave ler Informat i on  

•  Incident  Management 

•  Traff i c  Si gna ls  

•  Ramp Management 

•  Genera l  Traff ic  Informat ion  Co l l ect ion  

•  Regi ona l  Integrat i on 

There  are  a  number of  “How”  quest ions  to  be answered and mos t  
are i nterre lated .  

•  How  many  dev i ces  w i l l  be dep loyed? A s imp le  quest i on  that  
w i l l  have a  t remendous  impact  on the overa l l  des i gn .  A large  
number of  dev ices  w i l l  i ncrease the bandwidth  requ i rements  
and may s trategi ca l ly  a lter the i n i t ia l  communicat i on  system 
concept .  

•  How many operators  at  the  contro l  center?  Another very  
s imple quest ion  that  may have a  s i gn i f icant  impact  on  the  
des i gn .  Re lated to  this  i s  a  quest ion  that  dea ls  w ith d iverse  
operator ( or system contro l )  l ocat ions .  The number  of  
operators  w i l l  impact  on  the  communi cat ions  network w i thin  
the TCC . D iverse operator  locat ions  (d i fferent  bu i ld i ngs )  
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wi l l  have an  impact  on  the ent i re communi cat i on  network –  in  
terms  of  both comp lexity  and cost .  

•  How much redundancy  i s  requ i red? Redundancy  can  be v iewed  
from severa l  aspects .  Redundant  and d iverse communi cat ion  
paths  w i l l  add s i gn i f i cant ly  to  the overa l l  cost  of  the  
pro ject .  It  i s  p robab le that  the tota l  cost  w i l l  i ncrease  by  
more than double .  Redundant  communicat i on  hardware  w i l l  
impact  on  the  tota l  by  the  factors  of  the  hardware  and  
insta l lat ion  costs .  

•  How w i l l  reg iona l  requ i rements  be met? 

•  How much w i l l  i t  cost?  

•  How w i l l  i t  be funded? The  reader might  wonder -  “what ’ s  
the d ifference ! ”  Each potent ia l  fund ing source w i l l  make  
payments  under specif i c  c i rcumstances .  Some may on ly  pay  
for cap i ta l  expenditures ,  whi le  others  may pay  for cap ita l  
and  operat i ona l  costs .  The  communicat i ons  engineers  w i l l  
want  to  cons ider these aspects  when making  
recommendat ions  for the communicat i on  system 
architecture .  If  50 percent  of  the communi cat ion  system 
cost  i s  for l eased telephone  l i ne serv i ces ,  and the p rimary  
fund ing source w i l l  on ly  p rov ide for the cap ita l  
expendi tures ,  the p roject  w i l l  l ose 50% of i t s  potent ia l  
fund ing for communi cat ions  systems .  A pub l i c/privat e  
resource  agreement may on ly  p rov ide for certa in  types  of  
communicat i on  systems  and equ ipment .  Joi nt  system 
deve lopment  w ith a  port i on  of  the fund i ng  being  p rov ided  by  
one,  or more ,  add i t iona l  agenci es  may add some requ i rements  
for the type  of  system or equ ipment  used .  Th e  
communicat i on  engi neer w i l l  need to  know  if  the  fund ing  
arrangements  w i l l  have an  impact  on  the system des i gn .  In  
later stages  of  the requ i rements  and des ign  p rocess ,  the  
engineer w i l l  need a  good understand ing of the amount  of 
fund ing a l l ocated for commun icat ions  systems .  

Creating The Requirements Document 

Once the bas i c  quest i ons  have  been  asked and  answered the  
communicat i ons  engi neer w i l l  p resent  a  p re l imi nary  communicat i on  
systems requ i rements  document .  The project  des i gn  team shou ld  
rev i ew the p roposed requ i rements  document ,  and cons ider the  
fo l l ow ing:  
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1 .  Merg ing Expectat i ons  w ith Rea l i ty  -  At  this  po i nt ,  i t  i s  t ime  
to  look at  the requ i rements  for the communi cat i ons  system 
and reconci l e  or i g ina l  expectat ions  w ith the rea l i t i es  of  
what  i s  poss ib le .  Compare  expectat ions  w ith the p re l iminary  
communicat i on  systems des ign .  Ask the communi cat ion  
engineer to  fu l ly  exp la in  how  technica l  and  f inanci a l  barri ers  
impact  on  expectat ions .  Chal l enge the requ i rements  
document .  

2 .  What Type of  Communi cat ions  System Shou ld  I Bu i ld?  Now  
that  the requ i rements  document has  been p resented ,  the  
pro ject  team needs to  determine if  i t  shou ld  fo l low  a l l  of  
the suggest i ons  made in  the  requ i rements  document .  There  
may be new informat i on  that  was  not  avai l ab le when the  
communicat i ons  des i gn  team started to  work on  the  
requ i rements  document .  

THREE BASIC SYSTEMS TYPES: 

•  Private System –  the DOT bu i lds  i ts  own system and is  
tota l ly  respons ib le for the construct ion ,  operat ion  and  
maintenance .  

•  Publ i c  Network Based –  the  ent i re  system is  l eased from 
local  te lecommuni cat ion  carri ers  or other types  of  
communicat i on  serv i ce prov iders .  

•  Hybrid  –  Pub l ic/Private –  a  combinat ion  of  the above systems  
types .  In  most  instances ,  the  DOT wi l l  t ake respons ib i l i ty  
for f i e ld  communicat i on  dev i ces  and c i rcu its  and use leased  
te lecommuni cat ion  faci l i t i es  for t ransport  back to  the TCC. 

DEVELOPING A BUDGET 

Once the requ i rements  have  been rev iewed against  expectat ions ,  
i t ’ s  t ime to  develop  a  “ rea l ”  communicat i on  system budget .  

•  Pri ce out  the “ idea l ”  system –  have the communicat ions  
engineers  do a  comparison  between the system described by  
the requ i rements  document ,  and the expected system . 

•  Determine i f  there are  a l ternat ives  that  w i l l  he lp  the  
p roject  get  c loser to  the expected system w ithout  degrad ing  
performance cri teri a  suggested in  the requ i rements  
document .  
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•  Are there v iab le a l ternat i ves  that  can  help  to  lower the  
overa l l  cost?  The Utah DOT system described i n  chapter 7  
p rov ides  a  good a lternat ives  examp le .  

•  Can you  obtain  better funct ional i ty?  What ’s  the margi na l  
cost  adjustment  for a  s i gn if i cant  increase i n  addit i ona l  
funct i ons?  Wi l l  the addit ional  funct i ons  increase the overa l l  
cost  of  maintenance and  operat ion?  

•  Can the system prov ide for future growth? Not just  amount  
of  capaci ty ,  but  the abi l i ty  to  hand le (accept)  technology  
changes .  

Conclusion 

A FEW SIMPLE GUIDELINES TO FOLLOW: 

•  There ’s  no  magic formula  

•  Make certai n  that  the communi cat ions  engi neering team is  
part  of  the overa l l  p roject team . 

•  Don ’t  l et  the communicat i ons  engineering team act  as  an  
independent  agent  w ithout  d i rect ion .  

•  Assure  that  they  recei ve s i gn i f icant  input  from the overa l l  
p ro ject  team . 

•  Don ’t  l et  the “techno-speak”  ( language of  the  
communicat i ons  engi neers)  be a  creat ive engineering barr ier .  

•  Invest igate ,  and make certain  that  you  have se lected  the  
r i ght  communi cat ion  engineer ing team partner .  

•  Don ’t  be afra id  to  ask quest ions  and seek exp lanat i ons .  It ’ s  
your system , you  have a  ri ght  to  know !  
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5. CHAPTER FIVE – TELECOMMUNICATIONS FOR 

FIELD DEVICES 

Prev ious  chapters  p rov ided a  look at  the terminology ,  techno lo gy  
and history  of  telecommunicat ions  as  wel l  as  the need to  create a  
v iab le requ i rements  document .  This  theme is  cont inued with a  
look at  the p rimary  bu i ld ing b lock of  telecommunicat i ons  systems  
–  the  communicat ion  c i rcu it .  Telecommunicat i on  technology ,  i t s  
use and dep loyment ,  i s  an  i terat ive p rocess  w ith new bu i ld ing upo n  
the o ld .  This  i s  the i ndustry ’s  (te lecommuni cat ion )  way of  
assuring backward compat ib i l i ty ,  and  the cont inu ing dep loyment  

of avai l ab le new techno logy .  The d i agram i s  a  representat ion  o f  
the mergi ng of  vo ice and  data over copper.  Ana log vo i ce  
communicat i ons  evolved to  d i g i ta l  v o i ce communi cat ions .  One vo i ce  
channel  carri ed  over a  pa i r  of  copper w i res  evolved to  hundreds  
of  conversat ions  over the same pai r  of  w i res .  The  use of  copper  
as  a  communi cat ion  medium evo lved i nto the use of  f iber .  Th e  
change of  techno logy  was  revo lut i onary ,  but  the implementat io n  
of  the change  was  evo lut i onary .  No  sudden  and dramat i c change  
from one techno logy  or p rocess  to  the next .  

In  the  1980s ,  that  p rocess  changed .  The convergence  of  events ,  
techno logy  developments ,  and act i on  by  the  U .S .  Department of  
Just i ce and the Courts  p recip itated a change in  the corpora te  
structure  of  the monopoly  afforded to  AT&T. The  “telephone  
company ”  agreed to  d iv ide i n to  severa l  compet ing bus inesses .  Thi s  
created a compet it ive and open env i ronment for the development  
of  communi cat i ons  serv i ces  and hardware that  exis ts  today .  Th e  
bas i c  deve lopments  and  events :  

Basic Voice 
via Copper

Basic Data 
via Copper

Multiple 
Voice 

Channels

Multiple 
Data 

Channels

Combined 
Voice & 

Data

High 
Capacity

Boradband

Figure  5 -1 :  D iagram -  Techno logy F low  
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•  The “Carterphone”  Decis ion  of 1968 a l l owed end users  to  
purchase and  insta l l  te lephone equ ipment  from compan ies  
other than AT&T 

•  The microprocessor was  invented in  1971  

•  Fie ld  t r ia ls  by  AT&T in  1977 proved that  f iber cou ld  be used  
w ith t ransmi ss ion  l oss  factors  no greater than copper.  

•  The ARPANET –  p recursor to  the Internet  –  was  act ivated in  
1969 

•  AT&T imp lemented a  p l an  to  break into 7 reg iona l  and  
independent  telephone companies ,  p lus  a  manufactur ing  
company –  in  1983 .  

These events ,  p lus  an  overwhelming pent-up  corporate and  
ind iv idual  demand ,  converged to  forge  a  new d i rect i on  i n  
te lecommuni cat ions  serv i ces  and technology .  However,  corporate  
change and  invent ions  d id  not  min imize the des i re  to  prov ide fu l l  
backward compat ib i l i ty  w ith exis t ing systems .  

Te lecommuni cat ion  techno logy  i s  a  major e lement  of  th e  
app l i cat ion  of t raffic  s i gna l  and freeway management and  
Advanced Transportat i on  Management Systems .  The  use of  
te lecommuni cat ion  techno logy  as  a  part  of  t raff ic  management  
systems has  fo l lowed an  evo lut ionary  p rocess .  Early  t raff ic  s i gna l  
systems –  dep loyed 50  years  ago –  used avai l ab le  
te lecommunicat ion  techno logy .  Systems bei ng dep loyed today  take  
advantage of  new technologi es  whi le  accommodat ing exis t ing –  or  
legacy  –  systems .  

This  chapter i s  devoted to  a  look at  the specif i c  communicat i on  
c i rcu it  des i gns  for t raff i c  s i gnal  and freeway management  
systems .  Much of  the communi cat ion  equ ipment  used for both  
types  of  systems is  very  s imi l ar .  There are  app l icat i on  
d ifferences ,  but  most  of  i t  i s  h i erarcha l  and bu i ld i ng b lock i n  
nature .  A common theme for a l l  of  the c i rcu its  i s  that  they  
invo lve the use of  a  media  or p rotocol  converter .  The  f low i s  
essent ia l l y  from s imp le modem based systems us i ng tw is ted pai r ,  
to  f i ber opt ics ,  and w i re less ,  f rom ana log t ransmiss i on  to  d i g i ta l  
t ransmiss ion  systems .  From vo ice  based communi cat i on  p rotoco l s  
to  Ethernet  and Wire less  App l icat i on  (WAP)  protocols .  The  
examp les  p rov ided in  th is  chapter are  the  app l i cat ion  of  th e  
techno logi es  d i scussed in  chapter Two .  
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Before  d iscuss i ng actual  communicat i on  c i rcu it  types  i t  i s  
necessary  to  look at  some of the bas i c  e lements  of  c i rcu it s ,  
andthen understand thei r u se as  part  of a  t raffi c  s ignal  o r 
freeway management system .  

Basic Communication Circuits for Field Devices 

We start  w ith  bas i c  tw is ted pai r copper and progress  through  
f iber opt i cs  and  
w i re less  communi cat ion  
techno logi es .  

A key  factor in  the  
dep loyment of  t raff i c  
and transportat ion  
contro l  dev i ces  i s  the use  of  NTCIP (Nat iona l  Transportat ion  
Communi cat i on  Interface Protocol )  communi cat ion  p rotoco ls .  Th e  
use of NTCIP protocols  does  have an impact on the overa l l  des i gn  
of a  communi cat ion  network .  Two ru les  that  must  a lways  b e  
fo l l owed  in  the des i gn of  a  communicat i on  network:  

•  Al l  communi cat i on  e lements  cost  money 

•  Al l  communi cat i on  p rotoco ls  cost  bandwidth 

 

Every  i tem attached  to  a  communicat i on  c i rcu it  has  a  monetary  
va lue .  Therefore ,  comp lex i s  i nherent ly  more  expens i ve .  Always  
attempt to  keep  c i rcu it  des i gns  s imp le .  Recogni ze  the tota l  cost  
i s  not  just  for the in i t ia l  hardware .  There  i s  an  added  cost  of  
insta l lat ion ,  opt imizat i on ,  ma intenance and operat i on .  Avo id  us ing  
complex  te lecommuni cat i on  techno logi es  s imply  because they  are  
the newest .  The “ latest  and greatest ”  won ’ t  a lways  p rov ide a  
so lu t ion  to  the communi cat ion  cha l l enges  p resented by  a  new  
traff ic  system . Let  a  p roperly  deve loped communi cat ion  syst em 
requ i rements  document be your gu ide .  

BASIC CIRCUIT TYPES 

This  sect ion  p rov ides  a  defin i t i on  of  the  bas i c  communicat i on  
c i rcu it  types  and a  concept  of  where  communi cat ion  engineers  
start  the p rocess  of  system des i gn .  Chapter Two ,  p resented a  
reference to  d i rect ly  connected and sw itched communicat i on  
c i rcu its .  In  fact ,  whether d i rect  or sw itched ,  a l l  communicat i on  
c i rcu its  fa l l  i nto  one of  three categori es :  

NTCIP is actua lly a suite of 
protocols providing support for many 
different aspects of transportation 
communication system requirements.  
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•  Po int- to-Po int  (see d i agram)  –  the communicat i on  connect ion  
between two dev i ces ,  or a  dev ice and a  contro l l er .  

•  Po int- to-Mu lt ipo i nt  (see d i agram)  –  a  communi cat ion  c i rcu it  
connect ing mu lt ip le  dev i ces  to  a  contro l l er .  This  can  a lso  be  
referred to  as  Mu lt ipo i nt- to-Po i nt  –  dependi ng on your  
start i ng po int .  

•  Mult ipo int-to-Mu lt ipo int  (see d i agram)  –  a  communicat ion  
c i rcu it  a l l ow ing many  dev i ces  to  connect  to  many dev i ces ;  

th is  type of  system a lways  invo lves  a  sw i tch or router .  

 F igure  5-2 ,  represents  the three  bas i c  c i rcu it  types  us in g  
modems  as  the  end dev ices  connected to  p ri vate l i n e  
communicat i on  l i nks .  There  are  many  vari at i ons ,  especi a l ly  when  
us ing d i a l- up  networks ,  or i nte l l igent  sw itches  and routers .  Fo r  
examp le ,  the internet  i s  an  examp le of  a  Mu lt ipo int- to-Mult ipo int  
c i rcu it .  Many ind iv idual  home computers  can  connect  to  one ,  o r  
many web s ites  v i a  the PSTN. The same type of  serv i ce is  a ls o  

Comm unicat ion
L ink

Communicat ion  L ink

C omm un icat ion  L ink

M odem M odem

M odem

M odem

M odem

M odem

M odem

M odem

M odem

M odem

M odem

M odem

M odem

M odem

M odem

Sw itch Sw itch

Po in t- to-Po in t

Po in t- to-M ult ipo in t

M ult ip oint- to-M u lt ip oin t

F igure  5 -2 :  D iagram -  3  Types  o f  Communica t ion  Ci rcu i ts  
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prov ided v i a  Cab le TV networks  us ing a  combinat ion  of  routers  
and broadband mu lt ip lexers .  

The Design Process 

The development  of  a  communicat i on  system des ign  i s  very  s imp l e  
and not  very  comp lex –  especia l l y  i f  a  good requ i rements  
document  i s  ava i lable .  Let ’ s  take  a  look at  the p rocess  and th e  
steps  to  creat ing the des ign .  Assume that  a  requ i rements  
document  has  been  created for a  s igna l i zed  i ntersect ion  p roject .  
The document  l i sts  the  fo l low i ng communicat i on  system 
requ i rements :  

•  Seven 2070 contro l l ers  p laced as  ind icated i n  tab le 

•  Traffi c  s i gna ls  at  i ntersect ions  automat i ca l ly  adjusted for  
t iming parameters  by  host  computer 

•  Traff i c  Si gna ls  receive commands v ia  f i e ld  contro l l ers  

•  Host computer w i l l  p o l l  2070 contro l lers  once every  second  
w ith  query  for data & t ime hack .  

•  2070 contro l l ers  w i l l  s tore data from s igna l i zed  
intersect i ons  unt i l  requested  by  host  computer 

•  2070 contro l l ers  must  respond to  host  query  w ith i n  20  
mi l l i seconds  

•  Noti ce that  there is  no  d iscuss ion  of  the type of  techno logy  
to  be used .  
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This  a l l ows  the communi cat ion  engineer to  make hardware  
recommendat ions  based  
on  the requ i rements .  

Communi cat i on  engineers  
w i l l  genera l ly  v i sua l i ze  
the bas i c  communi cat ion  
c i rcu it  des ign  as  a  b lock  
d iagram rather than a  
mechanica l  des i gn .  Thi s  
he lps  to  s imp l ify  the  
overa l l  des ign  p rocess .  
During the in i t i a l  
meet i ng to  rev i ew the  
p roject  concept ,  
communicat i ons  
engineers  w i l l  usua l l y  
create a  “back-of-the-
enve lope” ,  or “tab le  
napki n” ,   s ketch .  Thi s  
he lps  to  faci l i tate  the  
d iscuss ion  and prov ide  
the system des i gner and  
“c l i ent ”  (the DOT)  w ith  
genera l  po i nts  of  agreement .  

Communi cat i ons  systems are  des i gned from the ground up .  F i rs t  
step  is  to  l ay  out  the po ints  of  communicat i on  -  genera l l y  
ident if i ed  by  l ocat i on .  Street  addresses  are  p referred ,  however  
t raff ic  management  systems are  dep loyed at  i ntersect ions  o r  
po ints  on  a  h i ghway .  Exact  l ocat i ons  w i l l  be determined during a  
s i te wa lk through .  A dev i ce  locat i on  tab le for a  t raff i c  s igna l  
system may appear as  fo l lows :  

Tab le  5 -1 :  Loca t ion  o f  F ie ld  Cont ro l le rs  

Host Computer Fie ld  Contro l ler 

7th & East  Napa East  2nd & East  Spai n  

 East  Napa & East  Spai n   

 East  2nd & Patten 

F igure  5 -3 :  Napk in  Ske tch  o f  Communica t ion  Sys tem  
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 East  4th & Doval l  

 East  4th & East  Napa 

 East  4th & France 

 East  4th & Patten 

 East  4th & East  
MacArthur 

 

The tab le i s  then l a id  out  on  a  map  to  he lp  ident i fy  exact  
locat ions  and to  p rov ide  
d istance measurements .  
The d istance  
measurements  between  
dev i ces  are requ i red i n  
order to  determine “ l i nk  
loss ” .  The  communi cat ion  
engineer must  know i f  
the communi cat ion  s i gna l  
w i l l  need to  be ampl i f i ed  
to  overcome excess ive  
l i nk l oss .   D istance  
measurements  w i l l  a l so  ass ist  in  the development  of  th e  
construct i on  budget .  

Next ,  a  dev i ce and  bandwidth  
tab le i s  created .  The table  
shows the amount  of  data per 
t ransmiss ion  by  s i te .  For this  
type  of  system , the  host  
computer norma l ly  sends  a  
“t ime hack”  and requests  that  
the f i e ld  un its  send  avai lab le  
data .  The  tab le becomes a  database  for the  system confi gurat ion .  
The communicat i on  engi neer  needs  to  determine the maximum 
amount  of data t rave l ing in  any  s ing le d i rect i on .  Based  on  th e  
informat i on  in  the table ,  the  maximum amount  of  data f lows from 
the f i e ld  un its  to  the host  computer.  The  tota l  i s  6400 b its .  

F igure  5 -4 :  Loca t ion  M ap 

No te :  T h i s  i s  a  “ f i c t i t i o us ”  ex a mp l e  

of  a  t r a ff i c  s i gna l  c on tr o l  s y s t em  
for  t h e  p ur po se  o f  de mon str a t i n g  

how  to  c a l c u l a te  da t a  

co mm u n i ca t i o n  c i r c u i t  
r e q u i r e me n t s .  
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Therefore ,  a  9600  Bps  (9 .6kbps)  communi cat ion  c i rcu i t  can  b e  
used successfu l ly .  

 

Tab le  5 -2 :  Loca t ion  & Da ta  Requ i rements  Tab le  

It em Hos t  Comput er F i e l d  C on tro l l er  Max imum Data  Per  

Tr ansm i s s i o n  

1  7 t h  &  E as t  

Na p a  

 200  b i t s  

2   E as t  2 n d  &  E as t  S p a i n  800  b i t s  

3   E as t  Na p a  &  E a st  S pa i n  800  b i t s  

4   E as t  2 n d  &  P a t ten  800  b i t s  

5   E as t  4 t h  &  Dov a l l  800  b i t s  

6   E as t  4 t h  &  E as t  N a pa  800  b i t s  

7   E as t  4 t h  &  Fr an ce  800  b i t s  

8   E as t  4 t h  &  P a t ten  800  b i t s  

9   E as t  4 t h  &  E a st  

M ac Ar t h ur  

800  b i t s  
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From this  informat i on ,  a  schemat ic  d i agram is  crea ted .  The  
schemat ic help s  the communi cat ion  engi neer v isua l ize the  
re lat i onship  of  a l l  p o ints  of  communicat i on .  Overa l l  des ign  of  a  
communicat i on  network i nc ludes  a l l  dev i ces  and communicat i on  
cab le  routes .  F i gure  5-5 ,  might  be  cons idered  as  a  cover page  f o r 
a  set  of  schemat ics  showing  greater detai l .  One  of  the drawings  
that  shou ld  be inc luded is  a  cab le detai l  w ith a  chart  showing th e  

connector p ins .  Very  often manufacturers  make thei r  dev i ces  w ith  

Contro ller

Contro ller

Contro ller

Contro ller

Contro ller
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RS232
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a var i ety  of  cab le connectors .  Most  computers  use DB- 9  
connectors  and modems tend to  have either DB-25 ,  or RJ45 
connectors .  If  custom cables  are needed ,  the cab le connector and  
“p in-out ”  chart  w i l l  save t ime and reduce confus ion .  If  the Si gna l  
contro l l er uses  a  DB-25 connector,  and the modem has  a  DB- 9  
connector you  shou ld  inc lude  a  tab le that  p rov ides  the fo l low in g  
detai l :  

Tab le  5 -3 :  DB-25  Connector  Cab le  

DB-9  to  DB-25  Modem to  Co ntr o l l er  Cab l e 

Con tro l l er  25  P i n  Conn ec tor  Modem 9  P i n  

Con n ec tor  

RS232  S i gn a l  

P i n  #  P i n  #  F u n c t i o n  

1  n /a  F r a me  Gr o un d  

2  3  T X 

3  2  R X 

4  7  R TS  

5  8  C T S  

6  6  D SR  

7  5  S i g n a l  Gr o u n d  

8  1  DC D 

9  n /a  +  T X 

1 1  n /a  -  T X 

18  n /a  +  R X 

20  4  D TR  

22  9  R I  

23  n /a  D SR D 
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25  n /a  -  R X 

 

 

This  chart  i s  based on  EIA/TIA standards  for RS232 seri a l  
cab les .  Double check the standards  for f ina l  reference  and as k 
the dev i ce manufacturers  to  supp ly  p in-out  d iagrams .  Standards  
change ,  but  a  manufacturer may  not  have  incorporated  th e  
changes .   

This  i s  a  start ing po int  in  the overa l l  des i gn .  As  the  p rocess  
cont inues ,  the  communi cat ion  engi neer w i l l  cont inue  to  ref ine the  
des i gn unt i l  a  reasonab le conclus ion i s  reached about  so lu t ions  
that  w i l l  best  support overa l l  goa ls  of  the main  p roject .  A seri es  
of  schemat i cs  are developed ,  and the des ign  ru les  estab l ished i n  
chapter Four are used to  create a  f ina l  des i gn .  

TRAFFIC CONTROL DEVICE CIRCUITS 

Fol l ow ing  i s  a  descrip t ion  of  communi cat i ons  c i rcu it s  common ly  
used  in  t raff i c  and t ransportat i on  systems .  At  the  conc lus ion  of  
chapter F i ve  we  w i l l  p rov ide an  examp le of  a  comp lex  
communicat i on  system that  incorporates  a  number of  vary in g  
t raff ic  and transportat ion  system dev i ces .  Chapter Seven w i l l  
p resent  examples  of  actual  systems that  have been dep loyed (o r  
are i n  the p rocess  of  bei ng dep loyed) .  

Earl i er ,  communi cat ion  c i rcu its  were described as  hav ing three  
(3)  bas i c  e lements  –  t ransmitter,  receiver,  and  t ransmiss i on  
medium . That  descript i on  was  g iven  to  p rov ide  a  bas i c  
understand ing of  communi cat ion  c i rcu its .  Communi cat ion  c i rcu it s  
have another e lement  in  common –  p rotocol  convers i on .  The most  
e lementary  system –  two (2 )  t in  cans  and a  str ing -   has  thi s  
e lement .  The t in  cans  convert  sound to  a  v ibrat ion  which i s  
t ransferred to  the stri ng .  A bas i c  te lephone converts  the human  
vo ice ( sound)  to  an  e lectrica l  s i gna l  (p rotoco l  convers i on) .  Th e  
electri ca l  s igna l  i s  t ransmi tted  v i a  copper w i re  (med ia) .  Th e  

F igure  5 -6 :  DB-25  Connector 

F igure  5 -7 :  DB-9  Connector 
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electri ca l  s i gna l  i s  received  by  another te lephone and converted  
to  sound .  A modem converts  the data p rotoco l  from a  computer to  
a  p rotocol  that  can  be  carried  over a  medi a 11.  Modem is  a  
contract i on  of  the phrase modu lator/demodulator .  The  modem 
converts  the b inary  one/zero data p rotoco l  of  a  computer (o r  
other data  dev i ce)  to  a  p rotoco l  that  can  be  carri ed  v i a  a  specif i c  
medium . Modems have  been  developed for twisted pai r ,  rad io ,  and  
f iber opt i c .  

TRAFFIC CONTROL SYSTEM 

Traffi c  contro l l ers  requ i re  a  reasonab ly  s imp le communicat i on  
system .  They are  genera l ly  
arrayed i n  a  po int- to-po int ,  o r 
po int-to-mu lt ipo int  seri a l  
network us ing low  bandwidth ,  
ana log modems and tw is ted  
pai r copper vo i ce grade  
c i rcu its .  The greatest  p rob lem 
faced by  a  communi cat i on  
engineer in  the des i gn  of  
these c i rcu its  i s  the po l l i ng  
requ i rements .  Traff i c  s i gna l  
systems are  t rad it iona l ly  
des i gned  w ith  system w ide  
dev i ce po l l i ng every second .  That  i s ,  every contro l l er i s  po l l ed  
once every  second for informat i on ,  and supp l i ed  w ith a  c lockin g  
s igna l .  

Cons ider a  t raffi c  s i gna l  system that  uses  a  9600 bps  dat a  
t ransfer speed .  If  each dev ice t ransmits  1200 bits  of  data per 
po l l ,  then  –  theoret i ca l ly  -  a  maximum of e ight  dev i ces  can  b e  
connected on  a  s ingle mul t i po int  communicat i on  c i rcu it .  Al low i ng  
for round-trip  de lay  or potent ia l  l i ne p rob lems ,  a  communicat i on  
engineer wou ld  on ly  connect  seven dev i ces  to  each  c i rcu it .  I n  
theory ,  a  s i gnal  system w ith 50 contro l l ers  wou ld  requ i re e i ght  
ind iv idual  mu l t i -drop  commun icat ion  c i rcu it s .  

If  the t raff ic  s i gna l  system uses  a  10  b i t  message to  p rov ide a l l  
necessary  informat i on ,  a  9600 bps  communicat i on  l i nk cou ld  
support  a  theoret ica l  max imum of 960 f ie ld  dev i ces .  Th e  
fo l l ow ing formula  i s  used :  9600 bit s  d iv ided by  10 b i ts  (each  
                                                 
11 The plural term media is used because a modem can be used with many different types of media. It is the 
generic functionality of a modem that is being discussed in this section. 

R eme mb er  –  s o ftw ar e  an d  da t a  

pr o to co l s  a r e  s t at ed  i n  by t es ,  b u t  

co mm u n i ca t i o n  t r a n s m i s s i o n  i s  
s t at ed  i n  b i t s .  120 0  b i t s  o f  d at a  i s  

15 0  by te s .  O n e  by t e  i s  e q u a l  t o  o n e  

c har a ct er .  So me  t r a ff i c  s i gn a l  

s y s t e ms  us e  a  b i t  o r i en t ed  
mes sa ge .  T he  ho st  c om p u ter  i s  

r ead i ng  i n d i v i d u a l  b i t s  w i t h i n  a  

s i n g l e  by te  t o  l o ok  f o r  dev i ce  
s t a t u s  i n d i c a t i on s .  
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message)  =  960 . However,  th is  f igure  i s  further reduced by  th e  
tota l  t ime ( round tri p  communicat i on  t ime)  i t  takes  to  po l l  each  
dev i ce,  s i gnal  attenuat i on  based  on  d istance ,  type and  makeup  of  
communicat i on  media ,  and  the  s i gnal- to-no ise rat i o  of  the  
communicat i on  l i nk .  Addi t ional ly ,  there is  the latency  induced by  
a  dev i ce to  p roperly  format and send a response .  

If  the  system were  us ing  a  byte ori ented message ,  the maximum 
number of  dev i ces  wou ld  be substant i a l ly  l ess .  A system that  uses  
a  message of  150 bytes  wou ld  be l imi ted to  a  maximum of 8  
dev i ces  on  a  9600 bps l i nk  -  9600 bits  d iv ided by  8 (one byte)  
d iv ided by  150 bytes  ( each message)  =  8 .  Make certain  that  th e  
communicat i on  engineer and the software  manufacture r  
coord inate these detai ls .  Th is  w i l l  save  t ime when the system i s  
bei ng opt imized .  

Basic Data Circuit Types 

The fo l low i ng d i agram i l lustrates  the bas ic  e lements  of  a  modem .  
In  fact ,  DSU/CSUs ,  Network Interface Cards  (NIC ) ,  Video  
CODECs ,  and many other t ransmiss ion  dev i ces  have these same 
elements .  Key  d ifferences  are based on  the type  of  dat a  
interface and the t ransmiss i on  medium . 

Al l  communi cat i on  c i rcu it s  use  some type of  medi a  –  p rotoco l  
converter so  that  dev i ce input/output  can  be t ransported v i a  a  
specif i c  medi a ,  or through  a  communicat i on  network .  Examples  
are:  

•  Traffi c  Si gna l  Contro l  

XMTR

RCVR

Data I/O Port
Transmission 

Protocol 
Converter

XMTR

RCVR

Media I/O Port

Basic Modem Block Diagram

F igure  5 -8 :  M odem Block  Diagram  
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•  Communi cat i on  Cabinet  for Traff i c  Dev i ces  

•  Vari ab le Message Si gn  

•  CCTV Camera  

•  PTZ Contro l  

•  RWIS Stat i on  

•  High Water Monitor 

 

When an  engineer uses  a  modem they  cons ider the dev i ce as  an  
i ntermediary  between  the  data equ ipment  and the communicat i on  
network .  The computer (or 
other data dev i ce)  i s  ca l led  the  
data term inat ion  equ ipment  
(DTE)  and the modem is  
cons idered the  data 
communicat i on  equ ipment  
(DCE) .  DTE and DCE are  terms 
which he lp  a  communicat ion  
engineer  v isua l i ze a  communi cat ion  system i n  a  techno logy  
neutra l  manner.  The DCE dev ice has  two s i des  –  DTE and Network .  
Us i ng  these  terms ,  an  engi neer i s  ab le to  v i sua l i ze the ori entat i on  
of  the equ ipment  to  the network .  

A CCTV camera i s  cons idered  as  a  DTE dev i ce because i t  p rov ides  
data in  the form of an  image .  The camera  is  actual ly  convert i ng  
the image to  and e lectri ca l  s ignal  which must  be t ransported v i a  a  

DCE dev i ce .  The DCE dev i ce  cou ld  be a  modem that  converts  the  
v ideo e lectri ca l  s i gnal  to  a  T-1  s ignal  for t ransmiss ion  v ia  tw isted  
pai r  copper w i re .  In  this  case ,  the DCE modem dev i ce  i s  ca l led  a  
CODEC . 

T he  t er m s  ar e  a l s o  use d  i n  

ma i n t en anc e  an d  i n s t a l l a t i o n  

ma n ua l s .  Te c hn i c i an s  a r e  a b l e  to  

eas i l y  i d ent i f y  w h i c h  s i de  o f  t h e  
dev i ce  i s  c onn ec te d  to  t he  da t a  

eq u i p m ent  and  w h i c h  i s  c onn ec t ed  

to  t he  n etw or k .  

NetworkTransmission
Medium Transmission

MediumDCE

DTE

Figure  5 -9 :  CC TV Ci rcu i t  D iagram  



Telecommunications Handbook for Transportation Professionals 

 

Chapter 5 

138

The communi cat ion  system des i gner may prefer to  create a  
system l ayout  that  i s  very  generi c .  The des igner can  choose th e  
techno logi es  l ater in  the p rocess ,  but  st i l l  has  a  work ing  idea o f  
how the system w i l l  be deve loped .  

When f ina l i zed ,  the above c i rcu it  may appear as  fo l lows :  

 

 

BASIC TRAFFIC DEVICE TYPE COMMUNICATION CIRCUITS 

Communi cat i on  l i nks  for Type  170/2070 and NEMA contro l lers  are  
fa i r l y  s imp le .  Under norma l  operat ion ,  a  1200 bit  per second two-
w i re  ha lf  dup lex  c i rcu i t  i s  used .  Most  systems  are  connected  
us ing  an  FSK communi cat i on  p rotoco l  between the f ie ld  contro l le r  
modem and  the master contro l l er modem . A bas i c  d i rect  l i n k  
between a  s ing le 170/2070 and a  Master Contro l  Computer wou ld  
look as  f igure  5-11 .  No te  t ha t  th e  pr i v a te  tw i s t ed  p a i r  ca b le  i n s ta l l e d  b y  

NetworkRG-59
Coaxial T-1

CircuitVideo
CODEC

CCTV

Figure  5 -10 :  CCTV Ci rcu i t  D iagram  

DOT
Communication

Cable
Network

RS232
Cable

2/4 Wire
Private Line

Modem
170

Central
Control

RS232
Cable

2/4 Wire
Private Line

Modem

F igure  5 -11 :  D iagram F ie ld  Cont ro l l e r  to  Host  Computer 
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th e  D O T i s  de scr i b ed  as  a  n e tw or k .  

Modems use a  specif i c  
modu lat ion  p rotoco l  to  
convert  the d i g i ta l  output  of  
a  computer (or t raff i c  s igna l  
contro l l er)  to  analog for  
t ransport  v i a  a  telephone l i ne  
or tw isted pai r .  The protoco l  
used  by  modems for  
connect ing t raff ic  s igna l  
contro l l ers  to  centra l  contro l  
computers  i s  FSK  (frequency  
shift  key ing) .  Frequency  shi ft  
key i ng  accommodates  low  
speed (be low 9 .6 KBps)  data  
t ransfer .  For h i gher data  
rates ,  other Modem protoco l s  
are used –  PSK (Phase  Sh ift  Key i ng)  and QAM (Quadrature  
Amp l itude Modulat i on) .  If  you  want  to  l earn  more  about  these  
t ransmiss ion  p rotoco ls ,  consu lt  any  good te lecommuni cat i ons  text  
book –  there are severa l  l i s ted in  the reference sect i on  of  thi s  
handbook .  

This  bas i c  communi cat ion  system cou ld  be  app l i ed  to  a lmost  an y  

Fr e q uen cy -s h i f t  k ey i n g  (F SK )  i s  a  

me t hod  of  t r an s m i t t i n g  d i g i t a l  

s i gn a l s .  T he  tw o  b i n ar y  s ta te s ,  “0 ”  
( Low )  an d  “ 1 ”  ( h i g h ) ,  a r e  ea c h  

r epr es ent ed  by  an  ana l og  w av ef or m .  

“0 ”  i s  r e pr ese n t ed  by  a  s pe c i f i c  

f r e q ue n cy ,  an d  “ 1 ”  i s  r e pr ese n t ed  by  
a  d i f f er en t  f r e q ue ncy .  A  m od em 

con ver ts  t he  b i n ar y  da ta  f r o m  a  

co mp u t er  t o  F SK  for  t r ans m i s s i o n  
o ver  te l ep h one  l i n es ,  c a b l e s ,  o p t i ca l  

f i b er ,  o r  w i r e l e s s  m ed i a .  T h e  mod em 

a l s o  co nver t s  i n co m in g  F SK  s i gna l s  

to  d i g i t a l  l ow  an d  h i g h  s t at es ,  w h i c h  
th e  co mp u t er  c an  " und er s ta n d . "  

DOT
Communication

Cable
Network

RS232
Cable

2/4 Wire
Private Line

Modem
170

Central
Control

RS232
Cable

2/4 Wire
Private Line

Modem

RS232
Cable

2/4 Wire
Private Line

Modem
RS232
Cable

2/4 Wire
Private Line

Modem

RS232
Cable

2/4 Wire
Private Line

Modem
170

RS232
Cable
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Modem
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Point-to-Multipoint Network
w/ Multiple Comm Circuits

Figure  5 -12 :  D iagram -  Po in t - to -M ul t ipo in t  
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conf i gurat ion .  Subst itute the 2/4 w i re  p rivate  l i ne  tw is ted pai r  
w ith  f iber and the bas i c  network conf i gurat i on  does  not  change .  
The RS232 communicat i on  p rotoco l  used by  the 170 contro l l e r  
wou ld  have to  be converted to  a  l i ght  wave s igna l  for t ransmiss io n  
for t ransmiss ion  v ia  the f iber .  Decided to  change to  a  newer  
2070 type contro l l er ,  but  want  to  keep  the exi st ing tw is ted pai r  
communicat i on  l i nks? Just  rep lace the contro l l er ,  because th e  
modems and t ransmi ss ion  l i ne remai n  the same . Note :  This  i s  
assuming that  there are no changes  to  the software p ro toco ls  in  
the overa l l  t raff ic  s igna l  system .  

This  arrangement (f i gure  5-13)  can  be used for mu lt ip le  l ocat i ons  
that  requ i re  mu lt ip le  po i nt-to-point  communi cat i on  c i rcu i ts .  Each  
contro l l er wou ld  have a  d i rect  l i nk to  the centra l  computer and a  

dedi cated communicat i on  port .  Engi neers  wou ld  refer to  this  as  a  
po int-to-mu lt ipo int  communi cat ion  network .  The use of  many  
communicat i on  c i rcu it s ,  modems ,  and communi cat ion  ports  on  a  
centra l  computer can  be expens ive .  Traff ic  s ignal  systems tend t o  
use a  variant  of  the po i nt -to-mu lt ipo int .  This  arrangement  i s  

DOT
Communication

Cable
Network
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Control

RS232
Cable

2/4 Wire
Private Line

Modem

RS232
Cable

170

Multidrop Comm Circuit

RS232
Cable

170

RS232
Cable

170

RS232
Cable

170

2/4 Wire Multidrop Circuit

Modem Modem Modem Modem

F igure  5 -13 :  D iagram -  M u l t id rop  Sys tem  
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ca l led  a  mu l t i -drop  commun icat ion  c i rcu i t .  One modem at  the  
centra l  computer s i te serves  many f i e ld  modems .  Thi s  scheme i s  
especia l l y  cost  eff ic i ent  when leas ing p rivate l i ne c i rcu it s  from a  
carri er .  The DOT pays  for  one communicat i on  c i rcu it  not  the  
ei ght  or more that  i t  rep laces .  

The centra l  computer i s  contro l l i ng  a l l  of  the commun icat ions  
p rocess .  It  po l ls  the f i e ld  contro l l ers  for informati on ,  us ing a  
po int-to-mu lt ipo int  arrangement that  a l l ows  a l l  f ie ld  un its  to  
respond ind iv idua l l y .  They have a  v i rtua l  communi cat i on  c i rcu it  to  
the centra l  computer.  Us i ng  the mu lt idrop  conf i gurat ion  a l lows  
the centra l  computer to  po l l  a l l  of  the f i e ld  un its  attached to  a  
s ing le c i rcu it ,  but  each f ie ld  un it  must  respond in  sequence and  
cannot  use the c i rcu i t  whi le  another un it  i s  t ransmitt i ng .  Use of  a  
mu lt idrop  arrangement  
requ i res  c lose coord i nat ion  
between  the communi cat ion  
system and the centra l  
computer software system .  
Make certain  the  
communicat i on  engineer i s  
fu l ly  aware  of  software  
communicat i on  de lay  requ i rements .  If  a  f ie ld  un it  modem i s  
suff i c i ent ly  d is tant  from the centra l  computer,  the software may  
have to  be instructed to  wait  an  addit iona l  one or two  
mi l l i seconds  for a  response .  

The DB-25 to DB-9 d i agram tab le –  shown  ear l ier  i n  th is  chapter  
–  ind icates  a  p in  labeled  “CTS” .  These in i t ia ls  stand for “C lear-
to-Send” .  The f i e ld  un it  modem wi l l  wait  for a  C lear-to-Send  
ind icat i on  before  t ransmitt ing i nformat ion  to  the  centra l  
computer.  If  too much t ime has  e lapsed the centra l  computer w i l l  
complete another po l l  sequence .  If  there i s  too much de lay ,  o r  
the centra l  has  sent  out  too  many requests  for informat ion ,  the  
centra l  may assume that  one or more f ie ld  contro l l ers  hav e  
ma lfunct ioned  and i ssue an  error report .  

BASIC VIDEO COMMUNICATION CIRCUITS 

“ De l ay ”  – f o r  th i s  p ur pos e  – i s  

def i ned  a s  t h e  a mo u nt  o f  t i me  

e l a pse d  f r om  c en tr a l  co m p ut er  
r e q ues t  fo r  i n fo r m at i on  un t i l  i t  

r ec e i v es  i n for m at i on  f r o m  a  f i e ld  

un i t .
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Most FMS and a  few traff ic  s i gna l  contro l  systems use CCT V 
cameras  to  support  inc ident  detect i on .  The commun icat ions  
systems  used for v ideo  t ransport  are  very  s imi l ar to  the  bas i c  
communicat i on  l i nks  d iscussed prev ious ly .  That  i s ,  they  use a  
communicat i on  t ransmi ss ion  dev i ce to  convert  the v ideo s igna l  to  
one that  i s  compat ib le w i th the  selected media .  There  are  severa l  
d ifferent  methods used to  p repare  a  v ideo s i gna l  for t ransmiss i on  
over a  communi cat ion  
l i nk .  The most  common  
is  to  convert  i t  to  an  
analog e lectri ca l  s i gnal  
and t ransmit  v ia  
coaxi a l  cab le .  Most  
v ideo orig i nat ing from  
the type of  cameras  
used i n  an  FMS can  
t ravel  about  100 to  
300 feet  w ithout  
degradat i on  (dependi ng  
upon the speci f i cat i ons  
of  the cable) .  To  
t ravel  longer d is tances  
the system must  
i nc lude amp l i f i ers .  Tri ax i a l  cab le can  usual ly  p rov ide d istances  of  
up  to  1000 feet  w ithout  an  amp l if i er .  Al l  CCTV cameras  used i n  
North Ameri ca p rov ide an  e lectri ca l  v ideo s i gna l  that  meets  
standards  developed by  the Nat i ona l  Te lev is ion  System Committ ee  
(NTSC) .  This  s tandard  i s  used by  many other countri es ,  i nc lud in g  
Japan ,  South Korea and Mexico .  The NTSC standard i s  i n  part  
based  on  the  60 Hz AC e lectri ca l  power p rov ided  in  the  United  
States ,  and was  deve loped to  p rov ide a  standard for broadcast  
te lev is ion .  The standard was  adopted for use in  CCTV systems .  
Two other standards  exist  –  PAL and SECAM –  based on  th e  
electri ca l  s tandards  in  other  parts  of  the world .  

Analog Video 

NTSC v ideo can be t ransmi tted  v i a  
tw isted pai r ,  but  not  very  far (a  few  
feet) .  A standard te lephone vo i ce  
ca l l  ( inc lud i ng l ow speed ana log data used by  t raff i c  contro l  
dev i ces)  can  be t ransmi tted  a lmost  20 ,000 feet .  The d i fference  

NTSC stands for National Television System Committee, 
which devised the NTSC television broadcast system in 

1953. NTSC is also commonly used to refer to one type of 

television signal that can be recorded on various tape 
formats such as VHS, 3/4" U-matic and Betacam. 

The NTSC standard has a fixed vertical resolution of 525 

horizontal lines stacked on top of each other, with varying 

amounts of "lines" making up the horizontal resolution, 
depending on the electronics and formats involved. There 

are 60 fields displayed per second. A field is a set of even 

lines, or odd lines. The odd and even fields are displayed 
sequentially, thus interlacing the full frame. One full 

frame, therefore, is made of two interlaced fields, and is 

displayed every 1/30 of a second (30 frames per second). 

Note: “Hertz” is a unit of time to 

describe the frequency of 

occurrence. “Bit” and “Byte” are 
units of data.  
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i s  the amount  of  bandwidth used  by  the two s igna ls .  NTSC v ideo  
requ i res  between 3 MHz and 6 MHz,  and a  vo i ce  ca l l  requ i res  less  
than 4  KHz of bandwidth .  The  fo l low ing tab le p ro v ides  a  
comparison of  vo i ce ,  v ideo and text t ransmiss ion  requ i rements :  

Tab le  5 -4 :  Vo ice ,  V ideo  & Tex t  Transmiss ion  Requ i rements  

Compar i s o n  of  Vo i c e ,  V i d eo  a nd  Tex t  Tr an sm i s s i o n  Requ i r emen ts  

Tr ansm i s s i o n  Ana l og  D i g i ta l  Compr ess ed 

N TSC  An a log  

V ide o  

6 . 3  MH z  10 0  Mb i t /s  1 . 5  -  10  M b i t/ s  

H D T V  10 0  MH z  1 . 2  Gb i t /s  20  M b i t /s  

Vo i ce  T e l e ph one  4  KHz  56  Kb i t / s  4  K b i t/ s  

On e  V id eo  Fr a me   3 . 3  Mb i t / s   

On e  HD T V  V i deo  

Fra me  

 20  M b i t s   

10 00  S pok en  

Wor d s  

 20  M b i t s   

10 00  W or d  Te xt  

F i l e  

 60  Kb i t s   

CCTV cameras  used for secur ity  and t raff i c  inc ident  detect i on  do  
not  output  fu l l  broadcast  qual i ty  s i gna ls  and therefore  do not  
requ i re  as  much bandwidth .  However,  i t  i s  st i l l  greater than 4  
MHz.  

Most  of  the CCTV camera systems dep loyed i n  the 1990s us ed  
analog t ransmiss i on  systems  w ith e ither coaxi a l  cab le or f iber  
opt i c  cab le .  They were general ly  dep loyed in  a  conf i gurat ion  that  
used  one  communi cat ion  l i nk for each camera .  As  system 
operators  ga ined knowledge of  the v ideo systems,  they  
recogn i zed that  v ideo s igna l s  cou ld  be mu lt ip lexed,  a l l ow ing fou r  
(4)  to  s ixteen  (16)  cameras  to  share a  common communi cat ion  l i nk .  
Each  camera  cou ld  send  a fu l l  v ideo s i gna l  us i ng a  common  coaxia l  
cab le ( or f iber opt i c  cable ) ,  and  each cou ld  be d isp layed on  
ind iv idual  monitors  at  the TMC .  One  of  the  drawbacks  to  th i s  
arrangement was  that  each v ideo s i gnal  had to  be  brought  to  a  
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communicat i ons  hub for mu lt ip lex ing .  However,  there  was  a  
s ign i f i cant  sav ings  for the  tota l  cost  of  the  communicat i ons  
infrastructure .  F i gure  5-14,  i s  a  b lock d iagram represent ing th e  
bas i c  e lements  of  a  frequency  d iv is ion  mu lt ip lex ing system. 

Video s igna ls  can  a l so  be converted to  a  d i g i ta l  s i gna l  in  the sam e 
manner as  vo i ce i s  converted .  A vo i ce s i gna l  i s  d ig i t i zed i nto a  64  
Kbit/s  s i gnal  and can eas i l y  be t ransmitted v ia  two tw is ted pai r  
for up  to  6 ,000 feet .  However,  a  fu l l  NTSC v ideo s i gna l  requ i re s  
a  100 Mbit/s  s i gnal  and w i l l  not  t rave l  more  than a  few feet  over  

the same two tw isted pai r  cab le .  In  fact  tw isted pai r  i s  not  used  
for DS-3;  carri ers  use coaxia l  cable ,  or f iber .  Fu l l  bandwidt h  
v ideo s i gnal s  don ’ t  t rave l  very  far ( 100 to  1000  feet)  over coaxi a l  
cab le .  Transmitt ing v i deo for any  s i gn if i cant  d istance  requ i re s  
the use of a  Video CODEC  (coder/decoder) .  Thi s  type of CODEC i s  
des i gned to  use a  DS-3 communicat i on  c i rcu it .  The DS-3 c i rcu it  i s  
the equ iva lent  of  a lmost  45 Mbi t/s .  The reduct i on  of  the  
bandwidth to  l ess  than ha lf  of  what  i s  norma l ly  requ i red i s  bare ly  
not i ceable and i n  fact  i s  used by  broadcasters  to  send  
programming between telev is ion  stat i ons .  DOTs have t rad it ional l y  
not  used DS-3  CODECs because the cost  of  dep loyment  was  
s ign i f i cant ly  greater than us ing the FDM type systems described  
above .  DS-3 v ideo CODECs have been i n  use for many years  fo r  
“D istance Learn ing”  p rograms and  v ideo conferencing .  Many DOTs  
have dep loyed v ideo systems  us ing T-1/DS-1  communi cat i on  l i nks .  
F igure  5-15  i s  an  example of  a  typ i ca l  Video  CODEC system us in g  
a  T-1 .  

Comm Hub

FDM
Hub

Four cameras deployed at 3000 foot intervals are hubed at a 
convenient location. Their video signals are multiplexed onto a 
single coaxial cable fro transmission to the TMC.

Figure  5 -14 :  D iagram -  FDM  Hub Ci rcu i t 
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Digital Video CODECS 

In the 1990s ,  DOTs began  to  dep loy  v ideo  CODECs that  cou ld  us e  
DS-1  communi cat ion  c i rcu i ts  (see f igure 5-15) .  Telephone  
companies  p rov ided lower cost  (than DS-3)  serv ices  and the D OT 

cou ld  i nsta l l  tw isted pai r  infrastructure  w ithin  thei r  own  ri ghts-
of-way .  

Severa l  d ifferent  types  of  v ideo  CODECs  are  avai l ab le to  serve  a  
w ide vari ety  of  communicat i on  needs .  The  CODEC prov ides  two  
funct i ons .  F i rst ,  i t  converts  the analog v ideo to  a  d i g i ta l  code .  
Second ,  i t  “compresses”  the d ig i ta l  informat i on  to  reduce th e  
amount of  bandwidth requ i red for t ransmiss ion .  In  the p rocess  of  
convert ing from analog to  d ig i ta l  and  back to  ana log ,  the v ideo  
image loses  some qua l i ty .  The  compress i on  p rocess  a lso  adds  a  
sma l l  l oss  of  v ideo qual i ty .  Each of  the  fo l low i ng  CODECs are  used  
in  DS-1  systems and has  i ts  own set  of  v ideo image qua l i ty  los s  
characteris t ics .  

•  H.261  CODECs are  used pr imari l y  for PSTN based v ideo  
conferencing .  The  A to D  process  sacrif i ces  mot ion  for v i deo  
and aud io qual i ty .  They typ i ca l ly  use POTS (or DDS)  serv i ces  
to  reduce tota l  cost  of  operat ion  and are  des i gned  to  
p rov ide s imu l taneous  mu lt ip le  connect i ons  for group  
conferencing .  However,  they  can use DS-1  and “fract i onal  
DS-1”  c i rcu its  for better image qual i t y .  

Network
RG-59
Coaxial T-1

CircuitVideo
CODEC
Encoder

CCTV

T-1
Circuit

Monitor

RG-59
Coaxial

Video
CODEC
Decoder

F igure  5 -15 :  D iagram -  CC TV w i th  CO DEC 
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•  JPEG (Joint  Photographi c Experts  Group)  and Mot i on  JPEG 
are some of the most  w ide ly  used CODECs for v i deo  
survei l l ance purposes .  However,  they  were p rimari l y  
deve loped for the purpose of  stori ng images  e lectron i ca l ly .  
Each  st i l l  image  i s  converted  to  an  e lectron ic  data image  and  
t ransmitted .  The st i l l  images  are assemb led at  a  receiv e  
decoder and d isp layed at  a  rap id  rate to  p rov ide mot ion .  
They  can  be used w ith POTS communi cat ion  c i rcu its ,  f i xed  
low speed data c i rcu i ts ,  or broadband copper and f iber opt i c  
communicat i on  l i nks .  They  are a lso  used in  w i re less  
app l i cat ions  such as  spread  spectrum rad io .  

•  MPEG (Mov ing P i cture  Experts  Group)  CODECs were  
deve loped to  p rov ide a  better qua l i ty  mot ion  image  
compress ion .  There i s  less  image qual i ty  l ost  in  the  
convers ion  and compress i on  p rocesses .  However,  the p rimary  
purpose of  MPEG CODECs is  to  p rov ide  “rea l-t ime l i ke”  
mot i on  p i ctures  v ia  the i n ternet  (a lso  ca l l ed  Streaming  
Video) .  The overa l l  p rocess  creates  a  s torage buffer so  that  
there  i s  a lways  a  s l i ght  de lay  between the  request  to  v iew  
and the start  of  the mot i on  p icture .  For the average user of  
the internet ,  th is  i s  not  a  p roblem . CODEC manufacturers  
us ing the MPEG-2 standard for t raff i c  survei l l ance purposes  
have  adapted  thi s  standard to  create a  rea l-t ime v i deo  
t ransmiss ion .  However,  th is  does  have  a  min ima l  impact  on  
f ina l  image  qual i t y .  The  MPEG-4  standard was  deve loped for  
internet  streaming v ideo ,  but  i s  a lso  bei ng  adapted  fo r  
“ rea l-t ime” survei l l ance purposes .  

Pan-Tilt-Zoom Issues 

The use of  pan- t i l t- zoom (PTZ)  created another p rob lem. Thes e  
dev i ces  use either a  d i rect  e lectrica l  s igna l  w i th variabl e  
vo l tages ,  or specia l  cod ing to  act ivate  one  of  the funct i ons .  Th e  
manufacturers  of  the PTZ dev i ces  deve loped speci a l  modems that  
convert  the PTZ s i gnal  to  an  RS232 data stream so  that  i t  can  b e  
t ransmitted v i a  standard communi cat ion  c i rcu it s .  This  requ i res  a  
separate  communi cat ion  path .  Incident  management  systems bu i lt  
during the 1990s genera l l y  requ i red separate commun icat ions  
equ ipment  for both the v ideo and the PTZ contro l .  Ori g ina l ly ,  
CCTV camera  manufacturers  offered an  externa l  converter .  On e  
was  requ i red at  the camera  end and the other w ith the v ideo  
sw itcher at  the TMC . Today ,  manufacturers  offer p roducts  that  
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combine  both  in  one  system us ing a  s i ngle communi cat i on  path .  
Most  v ideo  CODECs and  F iber Video  modems have  a  PTZ data port  
as  part  of the package,  and cameras  and sw itchers  have th e  
contro l  s i gnal  convers ions  dev ices  embedded .  The v i deo s i gnal  and  
the PTZ s igna l  t rave l  i n  oppos ite d i rect ions  a l l ow ing fu l l  
bandwidth  to  be p rov ided for  the v ideo s igna l .  

 

VIDEO-OVER-IP (VIP) 

The v ideo systems described prev ious ly  were developed  to  work  
over communi cat ion  networks  that  existed to  p rocess  vo i ce  
communicat i ons .  Al l  data and v ideo t ransmiss ions  have to  b e  
adapted for t ransport  over  large po int- to-po int  communicat i on  
networks .  This  requ i res  a  s i gn i f icant  in vestment  in  t ransmiss ion  
hardware and software  systems and medi a infrastructure .  
Ethernet  and VIP help  to  reduce the overa l l  comp lexity  of  th e  
communicat i ons  networks  and s i gn i f icant ly  l ower the  cost  of  
hardware and infrastructure  requ i red to  support  the system .  One  
of  the major benef it s  is  the re lat ive ease w ith which v ideo can  b e  
d istributed to  desktop  computer workstat ions .  Before  d i scuss ing  
VIP ,  a  qu ick  l ook at  how TV cameras  funct ion .  

D istributed  comput ing and  the exp los ion  of  the Internet  hav e  
driven the use of  i nternetworking for over 30 years .  P ract ica l l y  

F i e l d  S i t e

C C T V
C a m e r a

P a n - T i l t - Z o o m
U n i t

V id e o
C O D E C

P a n - T i l t - Z o o m
C o n t r o l  B o x

T - 1
M u l t i p le x e r

N T S C
V id e o
C O A X

P T Z
C o n t r o l  C a b le

R S 4 4 9  C a b le

R S 2 3 2  C a b le

V id e o
M o n i t o r

V id e o  S w i t c h e r
P T Z  C o n t r o l

V id e o
C O D E C

P T Z
M o d e m

T - 1
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T - 1
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N T S C
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C O A X

F igure  5 -16 :  D iagram -  Typ ica l  COD EC Com munica t ion  Ci rcu i t  -  1990 's  Dep loyment 
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every  network i n  p lace today  was  engineered based on  s tandards  
and technology  opt imized for hand l i ng the s i ngle data type ,  
character data ,  that  was  p revalent  as  recent ly  as  10 years  ago .  
Today ’s  sophist i cated  app l i cat ions  often requ i re  networks  to  
hand le  v ideo ,  storage  and  IP/Te lephony .  The speed  and bandwidt h  
requ i rements  for app l i cat ions  us ing these data types  are  so  hi gh  
that  most  network technology  i s  s imp ly  not  up  to  the  task .  DOTs  
imp lement ing new Advanced Transportat i on  Management Systems  
(ATMS) are l ooki ng to  new  data communi cat ion  techno logi es  to  
he lp  s imp l ify  thei r  networks ,  and reduce the overa l l  costs  of  
dep loyment and maintenance .  Ethernet  for general  data  
communicat i on and v ideo-over-IP  are  l og ica l  choi ces .  The nex t  
few pages  w i l l  l ook  at  the dep loyment of Video-over-IP .  

TV cameras  were f i rst  des i gned us ing an  image p i ck-up  tube .  Th e  
face of  the tube was  coated w ith a  l i ght  sens it ive f i lm that  
captured the  image .  The f i lm created an  e lectri ca l  charge whi ch  
was  captured as  an  analog e lectri ca l  s i gnal .  The e lectri ca l  
representat ion  of  the  image  was  t ransmi tted to  a  moni tor .  Th e  
output  of  the camera  was  an  analog v ideo s i gna l .  Al l  of  th e  
equ ipment  described  above was  needed to convert  the v i deo  image  
to  something that  cou ld  be transported v ia  the exis t ing  network  
infrastructure .  

In  the early  1990s ,  the “Charged Coup led  Dev ice”  (CCD)  was  
perfected .  A CCD is  an  e lectri ca l  dev i ce that  i s  used to  create  
images  of  objects ,  s tore  i nformat i on  ( analogous  to  the way a  
computer stores  i nformat ion ) ,  or t ransfer e lectri ca l  charge ( as  
part  of  larger dev i ce) .  It  receives  as  input  l i ght  from an  object .  
The CCD takes  this  opt ica l  i nput  and converts  i t  into  an  
e lectron i c  s i gnal  -  the output .  The e lectron i c  s i gnal  i s  th en  
p rocessed by  some other equ ipment  and/or software to  produce  
an  image .  The camera  must  convert  the d i g i ta l  image to  an  ana lo g  
TV s igna l .  

In it i a l ly ,  v ideo t ransmitted v ia  the Internet ,  was  requ i red to  b e  
converted from analog to  d ig i ta l ,  and then compressed fo r  
eff ic i ent  transmiss ion .  VIP  was  created as  a  p rotoco l  for the  
eff ic i ent  t ransmi ss ion  of  v ideo v i a  the i nternet  (more about  v id eo  
over the i nternet  and streaming v ideo in  Chapter 9 ) .  Some 
enterpris ing engineer recogn i zed that  cameras  w ith CCDs were  
a l ready capab le of  p rov id i ng a  d ig i ta l  image s i gnal  that  was  
compat ib le w i th  the d i g i ta l  d isp lay  output  of  a  typ i ca l  desktop  
computer.  CCTV cameras  are  manufactured today  w ith a d i rect  IP  
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output .  They can be d i rect ly  connected to  a  communicat i on  c i rcu i t  
capable of  carry ing IP  t raff ic .  The image data from the  camera  
can be d i rect ly  routed to  a  desktop  computer.  

Two types  of  bas ic  VIP c i rcu its  can  be used for v ideo survei l l ance  
and i nc ident  detect i on  in  an  FMS or t raff i c  s i gna l  contro l  system:  

•  Direct  VIP CCTV camera to  Desktop  Work Stat i on  

•  Analog CCTV camera to  Desktop  Work Stat i on .  

The f i rst  i s  very  s imp le (as  shown  in  f i gure  5-17) ,  and  the second  
does  not  have a  h i gh degree of  d iff i cu l ty .  The d i rect  system uses  
a  camera  that  i s  des igned  to  p rov ide a  d i rect  output  to  an  

Ethernet .  The d i g i ta l  v ideo s igna l  i s  compressed us i ng an  MPE G 
software encoder,  and then wrapped in  an  IP  packet  for  
t ransmiss ion .  The second system ( as  shown in  f i gure 5-18 )  
requ i res  a  v ideo CODEC that  i s  des i gned to  take the ana lo g  
output  of  an  exi st ing CCTV camera ,  convert  i t  to  d i g i ta l ,  encode  
the s i gna l ,  and  wrap  i t  i n  an  IP  packet  for t ransmi ss ion .  There  i s  
no  need to  convert  the v ideo s i gnal  back to  analog .  Just  use  any  
medi a  v i ewer app l i cat ion  w ith a  compat ib le MPEG software  
decoder.  

CCTV Camera

Digital Video 
Image

MPEG
Software
Encoder

IP
Packet
Wrap

V
IP to N

etw
ork

Ethernet Switch

Work Station

Video Over IP
Digital Image Transmission Process

F igure  5 -17 :  V IP  Bas ic  Camera  Sys tem  
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Convert ing an  exi st ing system to  VIP is  re lat i ve ly  s imple .  Rep lace 

exis t ing Video CODECs (or FDM modems)  w ith a  VIP  CODEC . In  
most  cases  ( note:  rep lacement  of  an  FDM system requ i res  

add it i onal  cons iderat ion  of  communicat i on  equ ipment) ,  the  
exis t ing communi cat ions  cab le infrastructure can  be kept  in  

p lace .  Chapter Seven p rov ides  a  descript ion  of  the p rocess  used 
by  Utah DOT to  update i ts  ATMS system to VIP .  In  the p rocess ,  

they  were ab le to  e l imi nate an  expens ive analog v ideo sw i tcher,  

and conven i ent ly  d istr ibute v ideo to  mul t ip le  t raff i c ,  
t ransportat ion  and publ i c  safety  agenci es .   

 

Analog
to

Digital

MPEG
Software
Encoder

IP
Packet
Wrap

VIP to Network

Ethernet Switch

Work Station

Video Over IP
Analog Image to Digital Image

Transmission Process

F igure  5 -18 :  D iagram -  Add-on  Conve rs ion  to  V IP 



Telecommunications Handbook for Transportation Professionals 

 

Chapter 5 

151

 

Basic Traffic and Freeway Management Networks 

BASIC DEVICE NETWORKS 

The fo l low ing systems a l l  requ i re the same type of  communicat i on  
c i rcu it  –  low  speed (9600  Bps  or l ess) .  Some dev i ces  are  
connected v ia  d i a l- up  and others  v ia  p r ivate leased- l ine .  RWIS 
systems  norma l l y  communicate v ia  a  w ide area rad io  l i nk –  a  
typ ica l  communi cat ion  c i rcu it  d iagram is  p rov ided below .  

•  Dynamic Message Si gns  

•  Loop  detectors  

•  Radar detectors  

•  Video detectors  

•  Remote Weather 
Informat i on  Systems 
(RWIS)  

•  Ramp Metering 

•  Pavement Condit ion  Sensors  

These dev i ces  a l l  send or recei ve short  (a  few bytes)  messages  

Network
RS232
Cable Comm

LinkModem

Comm
Link

RS232
Cable

Modem

Controller

Radar
Detector

Central
Control

Traffic Device
Typical Communication Circuit

Comm Link is any analog data circuit 
9.6 Kbit/s or less. The link can be 

twisted pair, fiber optic, or wireless.

F igure  5 -19 :  D iagram -  Bas ic  Tra f f i c  De vice  Communica t ion  Ci rcu i t 

Note: Figure 5-19, is a basic network 

diagram for the listed devices. However, 
each device is unique and requires a 

specific set-up.  
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(e .g . :  status ,  cond it ion  measurements ,  temperature ,  vo lume and  
speed ,  etc . ) .  Most  communicat ion  l i nks  are s imi l ar to  those used  
by  t raff ic  s i gnal  contro l l ers .  One  s i gn if i cant  note i s  that  RWIS 
sensors ,  very  often ,  are located in  remote areas  w ithout  easy  
access  to  power and communi cat ion  ut i l i t i es .  The preferred  
communicat i on  l i nk i s  w ide  area rad i o .  Wide area  rad io  uses  
frequenci es  i n  the  same range  as  Po l i ce ,  F i re ,  or  Highway  
Mai ntenance vehi c les .  The systems use a  f i xed l ow  power rad io  
w ith a  very  d i rect i ona l  antenna .  The FCC has  specif i c  ru les  for  
us ing these types  of  rad io  systems on  a  secondary  and non-
interferi ng bas is .  The rad io  frequency  avai l abi l i ty  and the ru le s  
for use are l i sted under “Tit le  47 CFR 90 .20” .  

A communi cat i on  engi neer must  be  aware  of  a l l  of  the  dev i ces  
that  w i l l  be dep loyed in  the system . Each type of  dev i ce has  a  set  
of  communi cat ion  requ i rements .  The key  d ifferences  are the  
frequency  of  communicat ion ,  and  the amount  of  data to  b e  
t ransferred .  These factors  are mult ip l i ed  by  the tota l  number of  
dev i ces  to  he lp  determine the amount  of  requ i red bandwidth .  

This  sect ion  dea lt  w ith bas i c  communi cat i on  c i rcu its  for  t raff i c  
s igna l  contro l ,  v ideo inc ident  detect i on ,  and  generi c  t raff i c  
dev i ces .  The next  sect ion  w i l l  p rov ide a  look at  how a l l  of  th e  
c i rcu its  are  integrated into a  s ingle communi cat i on  network .  Th e  
princip les  of  mu lt ip lex ing  described  in  Chapter 2  w i l l  b e  
app l i cab le .  

 

Complex Communication Networks 

Let ’ s  take a  l ook at  communicat i on  networks  that  support  a  
complex t raff ic  management  system (an  ATMS) combin i ng t raff i c  
s igna ls ,  CCTV cameras ,  dynamic message s igns  and radar 
detectors  used for t raff ic  vo lume and speed mon itoring .  A seri es  
of  bas i c  system des i gn  cr iteri a  and b lock d i agrams  w i l l  be  
created .  Each  w i l l  eventua l l y  become part  of  the requ i rement s  
and specif i cat i on  documentat ion  that  i s  p resented to  potent i a l  
engineering serv ices ,  systems in tegrators  and construct i on  
serv i ces  vendors .  Fo l low i ng  i s  a  typ i ca l  s cenari o :  

The bas i c  system is  p l anned for a  major arteri a l  that  connects  a  
suburban community  to  a  major urban center .  The overa l l  route i s  
10  mi les  w ith a  t raff i c  s igna l  system at  both ends  of  the arteri a l ,  
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some low  po i nts  that  f lood during frequent  heavy  ra i n  storms and  
a  tota l  of  s i x  t rave l  lanes  throughout  the  arteri a l  system . 

The loca l  DOT wants  to  opt imize  the t raff i c  s i gna l  operat ion  i n  
both the suburban and urban  areas  adjacent  to  the arter ia l .  They  
w i l l  ut i l i ze informat ion  co l l ected from the arteria l  t raff ic  f low  
radar speed  and vo lume detectors  at  var ious  po ints  a long  th e  
arteri a l .  Addit ional ly ,  the DOT wi l l  monitor for t raff i c  i nc idents  
us ing radar detectors  and CCTV cameras ,  and be not if ied  o f  
f loodi ng condit i ons  during ra in  storms v i a  RWIS sensors .  

The DOT has  speci f ied  that  i t  does  not  want  to  construct  a  
p rivate communi cat ion  network .  There  i s  easy  access  to  
communicat i on  faci l i t i es  adjacent  to  the arteria l  that  can  b e  
leased from “Loca lTe l” .  

The engineer develop ing the communi cat ion  network w i l l  create  
severa l  d iagrams to  ass ist  in  overa l l  system des i gn .  One of  thos e  
d iagrams shou ld  be a  p r ivate system a lternat ive to  p rov ide cos t  
comparisons .  

F i rs t ,  the engineer w i l l  create an  overv i ew b lock d iagram to  he lp  
v isua l i ze the re lat ionsh ip  of  the p rimary  connect ion  po i nts .  The  
communicat i ons  engineer w i l l  a lso  draft  a  narrat ive of  the overa l l  
system -   actual ly  a  statement  of  understand ing ,  or concept  o f  
operat i ons  ( from a communicat ion  perspect ive) :  

“The proposed network w i l l  p rov ide communi cat ion l i nks  to  
connect  four (4)  p rimary  e lements :  ex ist i ng suburban  t raff i c  

Proposed Arterial Traffic Control System (ATCS)
Suburban Traffic 
Control System

(STSS)

Urban Traffic 
Control System 

(UTSS)

Traffic Control Center

STSS 
Computer

UTSS 
Computer

Proposed 
ATCS 

Computer

Existing
4W Leased

Communication Links

Existing
4W Leased

Communication Links

Proposed
Communication Links

F igure  5 -20 :  D iagram o f  Proposed  Sys tem  
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s igna l  system;  ex ist ing u rban  t raff ic  s i gna l  system;  p roposed  
arteri a l  t raff i c  contro l  system;  p roposed centra l  t raff ic  contro l  
center .  In  addit i on  to  ex is t ing 170 type t raff i c  s igna l  
contro l l ers ,  the D .O .T .  i s  p ropos ing to  add CCTV, changeab l e  
message s igns ,  speed and  vo lume detect i on  equ ipment ,  deer  
cross i ng sensors ,  RWIS sensors ,  connect iv ity  to  the in ternet ,  and  
communicat i on  l i nks  to  a  regiona l  t raff i c  adv isory  network .  The  
proposed system w i l l  rep lace  exist i ng copper communi cat i on  l i nks  
w ith f iber and  make use  of  spread spectrum rad io  to  l i nk  remote  
dev i ces .  New traffi c  s i gnal  contro l  computers  w i l l  be p laced i n  
the p roposed TCC .  The exis t ing t raff i c  s i gnal  contro l  computers  
w i l l  remain  in  p l ace  as  backup  servers . ”  

This  paragraph i s  rev i ewed  by  the  p roject  team for concurrence  
or changes .  A b lock d i agram represent ing the statement i s  
created as  a  v i sua l  a id .  

Next i n  the p rocess  i s  the  creat i on  of  an  overv i ew of  the  major  
systems .  The overv i ews  inc lude s imp le  b lock d iagrams  and  a brie f  
written  descript i on  of  the system . 

Suburban Traff i c  Signa l  System ( f i gure  5-21) :  “The  town of  
Nowheresv i l l e  has  an  exis t ing t raff ic  s igna l  system w ith  a  tota l  

of  twenty-one 170  Type  s ignal  contro l l ers .  ”  The system i s  
dep loyed us ing two 4-w i re 9 .6 Kb/s  mul t i -drop  c i rcu it s  leased  
from the Nowheresv i l l e  Community  Te lephone Company .  Modems  

Modem

Central
Control

Circuit 2

Modem Modem Modem Modem Modem Modem Modem Modem Modem

Modem

ModemModemModemModemModemModemModemModemModemModemModemModem

STSS Comm Diagram

Notes:
Y 2 Comm Links @9.6
Y 4W Private Lined Leased from Local Telephone Company
Y No circuit problems
Y Circuit #1 = 12 Drops
Y Circuit #2 = 9 Drops

Circuit 1

F igure  5 -21 :  D iagram STSS Communica t ion  Sys tem  
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used  in  the systems  operate  in  a  ha lf-dup lex  mode .  The  traff i c  
s igna l  contro l lers  are dep loyed in  a  10  square b lock area of  the  
community  w ith the contro l l i ng computer located at  5th  &  Arch  
Streets .  

Urban Traff i c  Si gna l  System ( f i gure 5-22) :  “The  c ity  of  
Wearegreat  has  an  exist ing t raffic  s i gnal  system w ith a  tota l  o f  

one hundred twenty  (120)  170 Type s i gnal  contro l l ers .  The system 
is  dep loyed us ing f ifteen (15)  4-w i re  9 .6  mu l t i -drop  c i rcu it s  
leased from the Verybi g Telephone Company .  Modems used in  th e  
systems  operate in  a  ha lf-dup lex mode .  The  traff ic  s i gna l  
contro l l ers  are dep loyed i n   throughout  the c i ty  w ith th e  
contro l l i ng computer l ocated at  Broad &  Mai n  Streets . ”  

 

Central
Control

C1
Modem

UTSS Comm Diagram
Notes:
Þ 14 Comm Links @9.6
Þ 4W Private Lined Leased from Local Telephone Company
Þ No circuit problems
Þ Circuit #1 : # 15 = 8 Drops
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F igure  5 -22 :  D iagram UTS S Communica t ion  Sys tem  
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The next  set  of  schemat i cs  i s  for proposed systems .  There i s  l ess  
detai l  because the systems  that  are  represented do  not  ex is t .  
The engineer may put  i n  some informat ion  about  th e  
communicat i on  c i rcu its ,  but  rea l i zes  that  they  w i l l  change as  the  
deve lopment  p rocess  cont i nues .  The fo l l ow ing schemat i c  (f igure  
5-23)  shows the p roposed connect ing arteria l  management system .  
The object i ve  in  the “f i rs t  pass ”  at  the system des i gn  shou ld  b e  
generic  making very  few assumpt ions  about  the  technologi es  that  
w i l l  be dep loyed .  A database i s  developed us i ng mi le  marke r  
ind icators  as  a  reference for where equ ipment  w i l l  be  located .  
The requ i rements  document  shou ld  ind i cate the type of  dev ices  
that  w i l l  be dep loyed w ith approximate  d istances .  The  projec t  
team ( inc lud ing the communi cat ions  engi neer)  shou ld  complete a  
f ie ld  survey  to  p inpoint  dev i ce locat ions .  This  w i l l  be cr i t ica l  for  

the communi cat ions  system .  The communicat i on  system des i gner  
w i l l  have to  assure that  there  i s  enough s i gnal  s trength .  In  
addit i on  to  the dev i ce locat ion ,  the tab le shou ld  a lso  l i s t  
approximate data bandwidth requ i rements .   

 

MM 82.7

Traffic 
Management 

Center

STSS UTSS

MM 84.0

MM 85.9

MM 88.9

MM 91.5

MM 91.5

MM 90.7

MM 88.9

MM 87.9

MM 86.2

MM 85.6

MM 84.9

MM 83.7

MM 82.9

F igure  5 -23 :  S t ra igh t  L ine  Diagram  
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F i e l d  D e v i c e s  

D e v i c e  F i e l d  U n i t  L o c a t i o n M a x  D a t a  T r a n s a c t i o n / S e c

M M  8 2 . 9  1 . 5 3 6  M b i t / s  

M M  8 3 . 7  1 . 5 3 6  M b i t / s  

M M  8 4 . 9  1 . 5 3 6  M b i t / s  

M M  8 5 . 6  1 . 5 3 6  M b i t / s  

M M  8 6 . 2  1 . 5 3 6  M b i t / s  

M M  8 7 . 9  1 . 5 3 6  M b i t / s  

M M  8 8 . 9  1 . 5 3 6  M b i t / s  

M M  9 0 . 7  1 . 5 3 6  M b i t / s  

C C T V  –  P T Z  C o n t r o l  

M M  9 1 . 5  1 . 5 3 6  M b i t / s  

M M  8 5 . 6  2 4 0 0  B i t / s  

R W I S  

M M  8 6 . 2  2 4 0 0  B i t / s  

M M  8 2 . 9  1 2 0 0  B i t / s  

M M  8 5 . 6  1 2 0 0  B i t / s  

M M  8 6 . 2  1 2 0 0  B i t / s  

M M  8 7 . 9  1 2 0 0  B i t / s  

R a d a r  D e t e c t o r  

M M  8 8 . 9  1 2 0 0  B i t / s  

M M  8 2 . 7  2 4 0 0  B i t / s  

M M  8 5 . 9  2 4 0 0  B i t / s  

M M  8 8 . 5  2 4 0 0  B i t / s  

D y n a m i c  M e s s a g e  S i g n  

M M  9 1 . 5  2 4 0 0  B i t / s  

T r a f f i c  M a n a g e m e n t  C e n t e r M M  8 4 . 0  T B D  
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 Tab le  5 -5 :  F ie ld  Device  Loca t ion  

 

A strai ght  l i ne communi cat i on  d iagram (f i gure  5-23)  i s  created  
from this  informat i on .  The tab le and the strai ght  l i ne  d iagram 
he lp  to  prov ide the communicat ion  engi neer w ith a  better  
understand ing of  where  dev i ces  w i l l  be  p laced .   

The communi cat ion  system engineer creates  a  b lock d i agram fo r  
each s i te to  show how each dev i ce w i l l  be connected to  the TMC .  
The d iagram contains  a l l  necessary  informat i on  and detai ls  the  
communicat i on  l i nks  and the type  of  connect i ons  for each  dev ice .  
A written  descript ion  of  the  s i te detai ls  i s  a lso  p rov ided .  Here ’ s  
an  examp le based on  MM 85 .6:  

“The s i te  at  MM 85 .6 w i l l  contai n  one CCTV Camera  w ith PTZ s id e  
mounted at  the 20 foot leve l  of  a  30 foot po le ,  an  RWIS system 
w i l l  be p l aced on  the top  of  the po le ,  and a  radar detector w i l l  b e  
s ide mounted at  the 15 foot  l evel .  Al l  of  the communicat i ons  
equ ipment  w i l l  be p laced i n  a  cabi net  at  the base of  the po le .  Th e  
communicat i ons  cabi net  w i l l  contain  a  Video CODEC which w i l l  
have an  RS 232 port  for the PTZ . The cabinet  w i l l  house a  
CSU/DSU mu lt ip lexer w ith four data ports .  The  primary  
communicat i on  l i nk  to  the TMC w i l l  be a  l eased DS-1 .  A ut i l i t y  
demarcat i on  po int  w i l l  be p l aced w ithin  50 feet  of  the s i te .  Th e  
DOT wi l l  run  necessary communicat i on  cable and power cable fro m 
the s i te to  the ut i l i ty  demarcat ion .”  
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The written descript ion  of  the s i te  helps  to  c l ar ify  what  i s  
needed ,  and prevents  a  mis interpretat ion  of  the schemat i c  
d iagram .  

Not i ce that  the s ite at  85 .6  has  mu lt ip le  dev i ces  and takes  
advantage of  hardware that  can  p rov ide mu lt ip le  communicat i on  
ports  v ia  the s ing le DS-1 .  Also ,  a  170/2070 contro l l er i s  not  
inc luded .  Some traff i c  contro l  software  may requ i re  the use of  a  
contro l l er .  This  system is  however,  i nc ident  based .  That  i s ,  th e  
radar detector prov ides  data that  i nd i cates  the speed of  t raff i c  
at  a  speci f ic  po int .  The centra l  computer reads  the data and  
a lerts  operators  to  take  act ion .  For l ocat ions  w ith  a  s i ng le  
dev i ce,  a  specif i c  type of  c i rcu i t  can  be leased .  Another  
a l ternat i ve can  be used .  Mult idrop  c i rcu its  for each type o f  
dev i ce can  be run  to  each s i te ,  and  DS-1  c i rcu it s  can  be run  t o  
the CCTV s ites .  This  w i l l  add equ ipment  and compl i cate some of  
the communi cat ion  systems .  However,  i f  one type of  
communicat i on  c i rcu it  has  a  p roblem,  the others  keep  funct ion ing .  

PTZ
Cable

RS232
Cable

Coaxial
Cable

RS232
Cable

Radar
Detector

UPS

Power 
Strip

Video 
CODEC

DSU/CSU 
Mux

Note: RS422 Cable 
connects CODEC to Mux

115 VAC Utility
Telco Utility

(DS-1)

MM 85.6 Schematic

F igure  5 -24 :  D iagram -  S i te  Equ ipment 
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Fol l ow ing i s  a  b lock d i agram (f igure 5-25)  for an  ent i re  system 
us ing  dev ice based communi cat ion  c i rcu i ts :  

SUMMARY 

 

Trad it i ona l ly ,  t ransportat i on  and construct ion  engineering  
documentat i on  i s  a  seri es  of  techni ca l  drawings  w ith materia l  and  
construct i on  speci f icat i ons  incorporated as  part  of  the PS&E  
informat i on .  A p lan  set  for  a  l i ght ing po le  (for example)  w i l l  
contain  a l l  of  the informat ion  requ i red for the contractor to  
p rov ide  and insta l l .  The d imens ions ,  wei ght ,  w ind- load ing an d  
mount ing i nformat ion  can  be  speci f ica l l y  quant if i ed  and shown  i n  
the p l an  set .  Minor dev iat ions  f rom standards  can  a lso  be shown .  
Actual  written instruct ions  and other requ i rements  are kept  to  a  
min imum . There ’s  no  in struct i on  manua l  p rov ided by th e  
manufacturer that  exp la i ns  how  to ins ta l l  and  maintain  th e  
l i ght i ng po le .  

 Notes:
Ö All Comm links leased from Localtel
Ö Video use DS-1 Links
Ö RD use 9.6 4W circuits with max. 5 drops ea.
Ö RWIS use 9.6 4W circuits
Ö DMS use 9.6 4W circuits with max 5 drops ea

ATCS Comm Block Diagram

Arterial Traffic Control System 
(ATCS)

M

CCTV Control

DMS Control

Radar Detector Control

CODEC
Video Switcher

PTZ Control

CSU/
DSU RS-449 Link

RS-232 Link

Video Link
CSU/
DSUCODEC RS-449 Link

DS-1

Coax

M M M M M M

9.6 4W Multidrop

RWIS ControlM

RD RD RD RD RD RD

M M

RW RW

9.6 4W Multidrop

M

M M M M M M

9.6 4W Multidrop

DM DM DM DM DM DM

Figure  5 -25 :  Sys tem Block  Diagram  
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Telecommuni cat ions  systems have the same type of  requ i rement s  
for documentat ion .  However,  rememberi ng  that  
te lecommuni cat ions  equ ipment  i s  primari ly  des i gned for Carri ers ,  
there i s  addit iona l  documentat ion  that  i s  supp l i ed ,  and necessary  
for insta l l at i on  and opt imizat i on .  Hardware  manufacturers  
p rov ide  a  comp lete i nsta l l at i on  and mai ntenance manual  w ith every  
dev i ce ( or every  10  dev ices  i f  ordered in  l arge  quant i t ies) .  Make  
certai n  that  the documentat ion  manua ls  are kept ,  and that  there  
i s  a  set  ( i n  a  weatherproof  pouch)  at  every  equ ipment  cabinet ,  
p lus  a  master set  at  the TMC . 

A typ i ca l  modem can  be set  to  run  at  a  f i xed data rate ,  or  a l lowed  
to  adjust  the data rate based on  communi cat ion  l i nk condit ions .  
If  you  don ’ t  speci fy  this  in  writ i ng ,  there ’s  a  f i fty  percent  
chance that  the i nsta l l er w i l l  be wrong .  This  w i l l  de lay  the overa l l  
p ro ject  and cost  money to  correct .  

SONET mult ip lexers ,  Ethernet  routers ,  sp read spectrum rad i os ,  
modems ,  etc .  are  manufactured to  fu lf i l l  a  number of  d ifferent  
requ i rements .  Make certai n  that  your communicat i on  engineer  
p rov ides  enough informati on  for ins ta l l at i on  personne l  to  p roperl y  
setup  and opt imize the equ ipment  in  your freeway management  
and t raffi c  s i gnal  contro l  systems .  
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Network Topology 

A network can  be def i ned as  a  l i nk between any  two po ints  (o r  
more)  that  mutua l ly  re l i es  on  the p resence of  the  other .  
Communi cat i on  po ints  are normal ly  referred to  as  nodes or hubs .  
S imp le networks  are  developed to  estab l i sh a  temporary  
communicat i on  path ,  such as  a  bas ic  te lephone ca l l .  Complex  
networks  are  des i gned to  p rov ide a  permanent  communi cat ion  l i n k  
and have a lternate l i nks  to  protect  the  v iabi l i ty  of  the network .  
Freeway  management  systems typ i ca l ly  use a  complex  
communicat i ons  network .  

Many types  of  networks  can  be defined for te lecommun icat ions ,  
each w ith a  d ifferent  purpose .  Understand i ng the d i fferent  types  
of  networks  i s  important .  Each type of  network has  advantages  
and  drawbacks .  There  is  no  “ idea l ”  network so lut i on  that  f its  a l l  
s i tuat ions .  Cons iderat ion  shou ld  be g iven to  the u lt imat e  
requ i rements  of  the system that  a  communi cat ion  network w i l l  
support .  

A “mesh”  network may  prov ide the u lt imate  so lu t ion  for  assuri ng  
that  communi cat i on  l i nks  w i l l  a lways  be avai lab le .  However,  i t  i s  
the most  expens ive network topo logy  that  can  be estab l i shed .  No t  
assuring that  communi cat ion  l i nks  w i l l  be avai l ab le when  needed  
can  a lso  be expens ive .  Networks that  support  f inancia l  
t ransact ions  requ i re a  h igh degree of  re l iab i l i t y .  The operators  
of  f inanci a l  networks  w i l l  tend to  requ i re  a  h i ghly  redundant  
communicat i on  system . The telephone companies  and long d istance  
carri ers  have deve loped h igh ly  redundant  networks  to  make  
certai n  that  communi cat ion  l i nks  are a lways  avai lable .  

Four bas i c  network topo logi es  w ith many vari at i ons  can  b e  
described to  meet  requ i rements .  

•  Po int- to-Po int  

•  Star 

•  Ring 

•  Mesh 
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POINT-TO-POINT NETWORKS 

Po int- to-po int  is  the s implest .  Start  at  node 1  and connect  to  

node 2 ,  then 3 ,  and cont i nue .  Communicat i on  i s  seria l  and  passes  
through each node .  Lose any  one node or l i nk ,  and communicat i on  
can  be d i s rupted .  

STAR NETWORKS 

A Star network is  s imp ly  a  mu lt ipo int  communi cat ion  system that  
a l lows  one node to  communicate w ith many nodes (or many to  one) .  
This  i s  a lso  referred to  as  a  “one- to-many”  system . 10Base-T  
Ethernet  i s  an  examp le of  s tar network .  The LAN in  your off i ce  
has  a  router hub that  connects  a l l  desktop computers  to  f i l e  
servers  and printers .  

The star network a l lows  any  po int  to  communi cate w ith any  other  
po int  in  the network .  However,  if  the centra l  hub is  taken out  of  
serv i ce,  then the ent i re network is  out  of  serv i ce .  

 

Hub 1 Hub 3Hub 2

Figure  5 -26 :  D iagram -  Po in t - to -Po in t  Ne tw ork  
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RING NETWORKS 

Ring networks  are  des igned  to  overcome the  weakness  of  the  
po int-to-poi nt  system . P l ac ing the nodes  so  that  they  can  a lways  
communicate w ith an  adjacent  node help s  to  assure an  avai l ab l e  
communicat i on  path .  F iber Opt ic  systems  are  genera l l y  dep loyed  
us ing  a  r ing network topology .  SONET mult ip lexer hardware  i s  
des i gned to  faci l i tate vari ous  types  of  r ing networks .  Two bas i c  
r ing archi tectures  are avai l ab le w ith many variat i ons  and  
combinat i ons  that  can  be developed .  

Uni -d i rect i onal  –  the  communicat i on  s i gna l  a lways  t ravel s  in  on e  
d i rect ion  around the r ing .  If  any  s i ng le node or path  l i nk  i s  
d is rupted,  communi cat ion  between  the  other nodes  cont i nues  in  a  
seria l  path around  the  ri ng .  A s i ng le s trand of  f iber can  be used  
to  for this  type of  network .  

Hub 1 Hub 3

Hub 4

Hub 3

Hub 5

Hub 2

F igure  5 -27 :  D iagram -  S ta r  Ne tw ork  
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Bi-d i rect i ona l  –  the communicat i on  s i gna l  can  t rave l  i n  e i ther  

d i rect ion .  This  a l l ows  the system to manage s igna l  f low  and  
determine  the most  eff ic i ent  path .  Two strands of  f iber are  
used .  One  strand i s  the t ransmit ,  and  the other i s  u sed fo r  
receive .  Add more  pai rs  of  f iber s trands ,  and the system w i l l  
support  dedi cated hub-to-hub data f lows .  

MESH NETWORKS 

Hub 5

Hub 3

Hub 2

Hub 1

Hub 4 2 Fiber Strands

2 Fiber Strands
2 Fiber Strands

2 Fiber Strands2 Fiber Strands

Ring Architecture
Bi-directional Data Flow

F igure  5 -28 :  D iagram -  R ing  Ne tw ork  
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Mesh networks  are a  combinat ion  of the s tar and r ing topologi es .  
They  can  p rov ide  mu lt ip le  communicat i on  paths  for a l l  nodes  i n  
the system . A r ing network  bas i ca l ly  p rov ides  for one  or two  
communicat i on  paths  for each node .  A mesh network  can  b e  
des i gned to  p rov ide three ,  four,  f i ve ,  or more  communi cat ion  l i nks  
for each node .  How many i s  dependent  upon the amount  of  money  
avai l ab le and the w i l l i ngness  to  manage and maintain  a  very  

complex communi cat ion  system. 

Note that  these network topologi es  are independent  of  the medi a  
bei ng used for t ransmiss i on .  Most  of  the more comp lex network  
topo logi es  are  used w ith f iber .  However,  mi crowave  systems are  
a lso  arrayed  in  star,  and  r i ng topologi es ,  and  bas ic  Ethernet  l oca l  
area networks  use a  star  conf i gurat i on .  New generat ions  o f  
w i re less  networks  are being  deve loped us ing a  mesh topology  in  
order to  assure connect iv i ty .  That  is ,  w i re less  customers  w i l l  b e  
ab le to  access  a  network v i a  more  than one w i re less  base s i te .  

Hub 6

Hub 5

Hub 3

Hub 4

Hub 1 Hub 2

F igure  5 -29 :  D iagram -  M esh  Ne tw ork  
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NETWORK REDUNDANCY 

How much  redundancy  i s  needed in  a  communi cat ions  network?  
There is  no  s imp le answer or magi c formu la .  One answer may be to  
ask  how long  your system can be  down before  operat ions  are  
affected .  Another answer m ight  hi nge  on  whether parts  of  you r  
system can  be out  of  serv i ce and not  effect  operat i ons .  

The mesh network shown above  has  mu lt ip le  communi cat i on  paths  
to  each hub .  If  fu l l  redundancy  i s  requ i red one  set  of  
communicat i ons  hardware  for  each communi cat i on  l i nk at  each hub  
i s  requ i red ,  and don ’ t  forget  to  add  redundant  power supp l i es .  
This  arrangement can  be very  expens i ve especi a l ly  when you  
cons ider that  mesh networks  weren ’ t  deve loped to  p rov id e  
communicat i on  path redundancy .  Mesh networks  were deve loped t o  
support  the needs  of  the  internet .  Communicat i on  paths  hav e  
bandwidth l imitat i ons  and communi cat ions  hardware has  funct iona l  
l imitat i ons .  To assure that  most  users  of  the internet  w i l l  have a  
h igh avai lab i l i ty  of  serv i ce ,  mesh networks  are used .  Mes h  
networks help  to  share  communi cat ion  path load ing .  Thi s  assures  
that  no s ing le  communi cat ion  path wi l l  become a bott le-neck .   

Us i ng Mesh Networks  for communicat i on  path redundancy  a lso  
requ i res  a  very  compl i cated “a lternate routes  table” .  You  have  to  
p rov ide  each Hub  w ith  the  routes  to  use if  the  p rimary  i s  out  of  
serv i ce .  This  can  create p roblems w ith data  intens ive  
app l i cat ions .  

R ing Networks  were created to  p rov ide communicat i on  pat h  
redundancy .  They are s imp le (compared to  Mesh)  to  set  up .  There  
are no comp l icated rout ing tab les .  The hardware operat i ng system 
is  to ld  to  sw itch  to  the  a lternate path i f  communi cat i on  i s  l ost  on  
the p rimary .  The amount  of  hardware  requ i red to  imp lement  a  
Ring Network is  l ess  than a  Mesh Network .  

Conclusion 

Development and des i gn  of  a  te lecommuni cat ions  system is  an  
i terat ive p rocesses .  Each  element  i s  bu i lt  upon a  very  specif i c  set  
of  standards  and  requ i rements .  The  use of  any  type  o f  
communicat i ons  c i rcu it  to  support  a  t raff i c  or  freeway  
management system shou ld  be based on  a  c lear understand ing of  
the requ i rements  for such a  system .  The creat ion  of  a  thorough  
set  of  system requ i rements  i s  key  to  the des i gn  and construct i on  
of  an  eff i c ient  communicat i ons  system . 
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6. CHAPTER SIX – MAINTENANCE & 

WARRANTIES 

Introduction 

A bas ic  t ruth of  nature i s  that  a l l  th ings  change .  Unt i l  th is  po int ,  
the Te lecommuni cat ion  Handbook for Transportat i on  
Profess i onals ,  has  looked at  the p lann ing and  development of  t he  
communicat i on  system . Chapter 6  w i l l  d iscuss  maintenance of  
te lecommuni cat ion  systems and l ook at  i ssues  that  shou ld  b e  
addressed by  the operator of  a  system . The chapter  p rov ides  
informat i on  on  the reasons  for maintenance ,  technic i an  
qua l i f i cat ions ,  exp lanat ion  
of  warrant i es ,  and typ i ca l  
cost  of  maintenance  
agreements .  

Communi cat i on  systems are  
made of  phys i ca l  th ings  
that  wear out  ( or change)  
over t ime .  It  i s  d iff icu l t  
to  see the change ,  because  
there are  very  few mov ing parts .  However,  the  components  
(t rans i stors ,  capacitors ,  mi croprocessors ,  etc .)  that  make up  
dev i ces  that  are part  of  a  communicat i on  system do change ,  and  
lose thei r  performance  to lerances .  When  enough components  
operate at  l ess  than speci f icat ion ,  the  overa l l  system ( or  dev i ce )  
w i l l  not  perform as  requ i red .  Operat iona l ly  speak ing ,  there i s  not  
a  huge d ifference between a  freeway system and a  communicat i on  
network .  Both  wear out  from use and requ i re  mai ntenance and  
rev ita l i zat i on .  

Communi cat i on  networks  shou ld  be t reated as  any  other  e lement  
of  a  modern t ransportat i on  system .  DOTs need  to  p rov ide a n  
adequate budget  for maintenance ,  and t ra in ing for personne l  to  
become fami l i ar  w ith the  e lements  of  the communicat i on  
equ ipment .  The DOT techni c ians  don ’ t  have to  be capab le of  
repai r ing the communicat i ons  equ ipment .  They s imp ly  have to  be  
ab le to  determine when the communi cat ion  hardware  i s  not  
funct i on ing ,  and  in  many cases  rep lace the  dev ice w ith a  spare .  

Most  manufacturers  p rov ide  a  detai led  manua l  of  i ns ta l l at ion ,  
test ing and  maintenance recommendat i ons .  Many p rov ide  on- s ite  

Note: This chapter provides a focus on 

telecommunications equipment. The reader is 

referred to FHWA Handbook: “Guidelines for 
Transportation Management Systems Maintenance 

Concepts and Plans” for more information about the 

development of equipment maintenance programs. 

See:http://www.ops.fhwa.dot.gov/Docs/TMSMaintC
ptandPlans/index.htm 
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and factory  depot  serv i ce p l ans .  The use of  these p lans  may be a  
cr it i ca l  p art  of  your overa l l  maintenance p rogram .  

This  chapter w i l l :  

•  Review  the  need to  crea te  a  budget  for operat i ons ,  
maintenance and system upgrades .  

•  Rev iew the d ifferences  between product  warrant ies ,  
guarantees  of  performance ,  and serv i ce and mai ntenance  
p lans .  

•  Cons ider the re lat ionsh i p  between D .O .T .  p roduct  
specif i cat ions  and  manufacturer warrant i es .  

•  Prov ide recommendat i ons  to  ass is t  in  sett ing a  budget  and  
creat i ng  a  s taff  funct i on  to  support  maintenance .  

Systems  maintenance and  upgrade i s  cruci a l  to  eff ic i ent  
operat i ons .  Al l  communicat i on  equ ipment  does  eventual ly  wear out ,  
or reach  the  end  of  usefu l  operat i ona l  l i fe .  The  communicat i on  
system is  the g lue that  un ites  the e lements  of  a  t raff i c  s i gnal ,  
FMS, or ITS system, keep  i t  operat i ng w ith an  eff i c ient  
maintenance and upgrade pro gram . 

Why create a Maintenance Budget? 

Fifty  years  ago ,  communi cat ion  equ ipment  needed  constant  
attent ion .  The “state-of-the-art”  used components  that  were  
highly  sens i t i ve to  env i ronmenta l  v ar iables  (heat ,  co ld ,  moisture ,  
dust ,  etc .) .  Communi cat i on  systems requ i red s i gn i f icant  
adjustments  by  operat ions  and  maintenance personne l .  A l l  
equ ipment  was  manufactured  w ith externa l  contro ls  that  were  
used  to  ad just  the dev i ce back to  specif i ed  parameters .  Current  
equ ipment  i s  l ess  affected by  i ts  env i ronment ,  and most  
manufacturers  have e l iminated the externa l  ad justment  contro ls .  

The use of  f ixed va lue components  mi n imizes  the need fo r  
adjustments .  Communi cat i on  dev i ces  e ither perform  as  specif i ed ,  
or must  be rep laced .  Manufacturers  have created “board leve l ”  
systems w ith a l l   necessary  components  p l aced  on  a  s i ngle card .  

Some manufacturers  w i l l  make s ign if i cant  c l a ims about  the  
re l i ab i l i ty  of  thei r  p roducts .  Many w i l l  c l a im MTBFs (mean-t ime-
between-fai lu res)  that  make i t  seem as  though fa i lu res  occur  
once  in  a  mi l l i on  years .  But ,  nothi ng  l asts  forever .  
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Communi cat i on  hardware normal ly  fa i l s  e i ther duri ng ,  or just  
after,  i nsta l l at ion .  These  fa i lu res  are  the  d i rect  resu lt  of  
manufacturing “b i rth defects”  -  that  i s ,  the manufacturing  
test ing p rocess  fa i ls  to  i dent ify  a  manufacturing error,  o r  
substandard component .  
However,  the lead ing cause  
of  near term fai lu res  i s  the  
resu lt  of  improper  
insta l lat ion  or operat ion .  
Hardware  manufacturers  
have standard component  
test ing p rocedures  to  he lp  
assure  that  v i rtua l ly  a l l  
equ ipment  leav ing the  
p roduct ion  faci l i ty  meets  
specif i cat ions  (more on  thi s  
subject  l ater in  the  
chapter) .  

Insta l l at i on  fa i lu res  are  caused when technic i ans  fa i l  t o  
fami l i ari ze themse lves  w ith the manufacturer ’ s  recommendat i ons .  
Many technic i ans  w i l l  t ry  to  use shortcuts  to  reduce th e  
insta l lat ion  t ime ,  or because they  have i nsta l l ed  s imi l ar equ ipment  

Most communication system component hardware is 
constructed on a single printed circuit board that 

can easily be replaced by a qualified technician. The 

components are so small that they can’t be repaired, 
or replaced. Simply replacing the board with the 

failing component saves time and money. 

 

Don’t confuse the “feature option” switches, or 
option setting software for maintenance controls. 

The feature setting switches and software are only 

provided to allow users to optimize a device for a 
specific operational requirement. 

F igure  6 -1 :  Photograph  o f  a  F iber  Opt ic  M odem -  Cour tesy GDI  Communica t ions ,  LLC 
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and be l i eve that  there are no d ifferences  between  dev i ces  
manufactured by  d i fferent  companies .  Another common erro r i s  
to  assume that  there  won ’ t  be d i fferences  between o ld  and new  
vers ions  of  the same dev i ce .  

On a  long term bas i s ,  most  fa i lu res  are the resu l t  of  e lectron i c  
component  aging (through  constant  heat ing and  coo l in g  
components  w i l l  fa i l  t o  meet  ori g ina l  speci f i cat ions) .  Systems w i l l  
e i ther fa i l ,  o r  deve lop  substandard funct i ona l  characteris t ics .  

Don ’ t  forget  that  equ ipment  a l so  fa i l s  because of  l i ghtn in g  
stri kes ,  e lectri ca l  power surges ,  and connect i on  of  e lectri ca l  
power to  a  communi cat ions  port .  

Most  communi cat ions  equ ipment  i s  bu i l t  w ith interna l  monitori ng  
capabi l i t i es .  D iagnost ics  are  d isp layed in  one of two general  ways :  
externa l  d isp lay  on  the equ ipment ,  or v i a  d i agnost ics  termina l  (o r  
as  a  p rogram on  a  PC) .  Most  modems  have L .E .D .  i nd icator  l amps to  
show that  the  dev ice  is  funct i on ing i n  a  p roper manner.  A  
mult ip lexer or router w i l l  p rov ide d iagnost ics  v i a  d i rect ly  
connected termina l ,  o r thro ugh a  dev i ce setup  and management  
p rogram on a  PC .  

Keep ing t rack of  a l l  communi cat ion  dev i ces  i s  part  of  any  
maintenance  p rogram . A s imp le  equ ipment  l i st  tab le i s  best .  Th e  
fo l l ow ing i s  an  examp le:  

Tab le  6 -1 :  Example  Communica t ion  Device  Inventor y L is t  

Commun i c at i o n  Dev i c e  In ven t ory  

I t em I .D. Ser i a l  # 
Date  

Ins ta l l ed  

Warran t y  

Term 

Dev i c e  

Lo ca t i on  

     

 

An i nd iv idua l  shou ld  be ass i gned  to  keep  t rack of  a l l  equ ipment ,  
and maintai n  re lat ionsh ips  w ith  manufacturers ,  ins ta l l at i on  
companies ,  and  system integrators .  This  person shou ld  have  
experi ence  (or t rai n ing)  for complet i ng s imp le repai r  and  
insta l lat ion  of  communicat i ons  equ ipment .  If  there i s  not  enough  
equ ipment  to  requ i re a  fu l l -t ime staff mai ntenance speci a l i st ,  th e  
agency  shou ld  cons ider part-t ime personne l ,  or an  outsource  
contractor .  A f ie ld  verif i cat ion  inventory  shou ld  be conducted at  
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least  once per year .  Whenever a  new system is  insta l l ed ,  an  
informat i on  tab le shou ld  be completed  and added to the database .  

If  communi cat ion  systems  are  very  re l i ab le and don ’ t  requ i re  
constant  attent i on ,  why budget  for maintenance? 

•  Communi cat i on  systems are  genera l l y  composed of  i tems  
from many d ifferent  manufacturers .  

•  Most hardware  and  f i rmware ( the hardware  internal  
operat i on  i nstruct i ons)  i s  rev ised on  a  regu lar bas is  to  
account  for f i e ld  use p rob lems and changes  in  performance  
standards .  

•  On rare  occas i on ,  the  equ ipment  does  break down 

•  External  forces  cause  equ ipment  fa i lu re  

1 .  Power f luctuat ions  

2 .  Cab le cuts  

3 .  HVAC fai lu re  

•  Need for qua l i f i ed  personnel  (or serv i ces)  to  p rov ide  for 
repai r  and restorat ion  

•  Need  to p rov ide  fund ing  for emergency  repai r  and  
restorat i on .  When a  p rob lem does  occur,  there ’ s  no  rush  to  
pu l l  money away from some other budget .  

Creating the Maintenance Budget 

Creat ing a  budget  to  p rov ide for maintenance  requ i res  that  
severa l  factors  be cons idered:  

•  Level  of  experi ence and  t rain i ng of  communi cat i ons  
equ ipment  maintenance personnel?  

•  Comp lexity  of  the communi cat ion  equ ipment  in  the system .  

•  Number of  i nd iv idual  commun icat ion  equ ipment  dev ices .  

•  The type of  network being used –  l eased or owned .  

•  Potent i a l  for emergency  repa i rs .  

One of  the  f i rs t  i tems to  cons ider when creat ing a  maintenan ce  
budget  i s  “who”  w i l l  do  the maintenance  work ,  and what  type of  
serv i ces  w i l l  they  be requ i red to  p rov ide? Thi s  i s  i n  some way a  
“chi cken or the egg”  quest i on .  If  fu l l  mai ntenance serv ices  are  
p rov ided (test ing ,  us i ng  d i agnost i c  equ ipment ,  and fu l l  repai rs) ,  
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you  w i l l  need hi gh ly  qua l i f ied  and t ra ined  technic i ans .  I f  
maintenance i s  v i ewed as  a  matter of  b low ing the dust  out  of  the  
cabinet ,  and  making a  ca l l  to  an  out- sourced repai r and  
maintenance  serv i ce ,  a  semi-ski l l ed  i nd iv idua l  w ith  min ima l  
experi ence  and t ra in ing w i l l  s uff i ce .  

Most  DOTs  have been us ing some type of  communi cat i ons  system 
to support  t raff i c  management  and department  operat i ons  fo r  
many years .  A few have created an  interna l  staff funct i on  to  
support  mai ntenance and  upgrade  funct ions ,  o thers  outsource the  
requ i red serv i ces .  Fo l low i ng i s  a  suggested mai ntenance  
techni c ian  experi ence level  t ab le:  

Tab le  6 -2 :  Techn ic ian  Exper ience  Class i f i ca t ion  

Techn i c i a n  Exper i en c e  &  Qua l i f i c at i o n  L ev e l s  

L ev e l  Yr s  

Exper i en ce 

Type  o f  Exper i en ce Amount  o f  Tr a i n i n g  

E n tr y  0  –  2  y e ar s  P C  Sk i l l s ,  T ec h n i c a l  

Ab i l i t y  

Voc a t i o n a l  e d u ca t i o n  

f r o m  an  a c cr e d i t ed  

H i g h  Sc h oo l ,  o r  

Te c hn i c a l  S c hoo l .  

M id  2  –  6  y e ar s  M i l i t a r y  E x p er i en c e  w i t h  

co mm u n i ca t i o n  s y s t em s ,  

o r ,  A bov e  +  Work i n g  

Know le dg e  o f  t h e  

C om m un i c at i o n  e q u i p m en t  

i n  t he  s y s te m +  A b i l i t y  t o  

r ep l ac e  mod u l e  b oar ds .  

M i l i t a r y  Tr a i n i n g ,  o r  

ab ove  +  

C om m un i c at i o n  

T heo r y  C o ur ses  +  

M an uf a ct ur er  

E q u i p men t  C o ur s es  

H i g h  6 -10  y e ar s  Abo ve  +  Ad d i t i o n a l  

Kn ow le dg e  o f  

co mm u n i ca t i o n  s y s t em s  +  

pr o v i de  pr es en t a t i o n s  a t  

pr o fes s i o n a l  me et i n g s  +  

ab i l i t y  to  t r o u b le -s h oo t ,  

a nd  r eso l ve  s y s te m 

pr o b le ms .  

Abo ve  +  ad va nc ed  

co mm u n i ca t i o n  t h eor y  

co ur ses  
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Sen i o r  10+  y ear s  Abo ve  +  p ar t i c i p a t i o n  i n  

co mm u n i ca t i o n  s ta n da r ds  

eff or t s  +  r e v i ew  o f  

te c hn i ca l  p a per s  

Abo ve  +  ad d i t i o n a l  

te c hn i ca l  t r a i n i n g  a s  

r e q u i r e d  +  e xt en s i ve  

r ead i n g  o f  te c hn i c a l  

book s  on  

co mm u n i ca t i o n  

pr o ce ss  and  t he or y .  

 

These level s  of  experi ence shou ld  be app l ied  to  both department  
personnel  and/or outsourced personne l  respons ib le for th e  
maintenance of  telecommuni cat ion  equ ipment .  These leve ls  are  
d i rect ly  related to  experi ence w ith te lecommuni cat i on  and other  
techno logy  based systems ,  not  genera l  work experi ence .  An  
ind iv idual  w ith 10 years  of  experi ence as  a  p ro ject  manager wou ld  
not  be  cons idered as  hav ing the qua l i f i cat ions  to  be a  
maintenance techn i c ian  for te lecommuni cat ion  equ ipment .  There  
are a  number of  good High Schoo l  Vocat ional  educat ion  p rograms ,  
and Techni ca l  Schoo l  p rograms that  p rov ide ind i v idua ls  w ith t he  
p roper know ledge and sk i l l s  for an  entry  leve l  maintenance  
techni c ian  pos i t ion .  The U .S .  mi l i t ary  p rov ides  we l l  grounded  
maintenance  techni c i an  t ra i n ing  and experi ence for at  l east  a  
mid- level  pos i t ion .  

The type of  equ ipment  w i l l  often  he lp  determine the experien ce  
leve l  of  personne l  requ i red to  support  a  mai ntenance funct i on .  If  
everything i s  l eased from a  communi cat ion  carri er ,  entry  leve l  
personnel  can  be used .  Thei r  p r imary  job  descrip t ion  w i l l  be to  
manage the serv i ces  supp l i ed  by  the communi cat ion  carri er ,  and  
ca l l  for support  when necessary .  

A system comprised of  a  l arge number of  communicat ion  dev i ces  
w ith a  mix  of  new ( less  than 2 years  o ld)  and legacy  (more than 5  
years  o ld)  equ ipment  w i l l  requ i re support  from more  experienced  
personnel .  With this  type of  system , the maintenance  personnel  
w i l l  need to  know when to  ca l l  in  outs ide support  to  effect  
repai rs .  

If  the system cons is ts  of  a  few CCTV cameras ,  severa l  
changeab le message s i gns  and  t raffi c  f low  detectors ,  w i th  
requ i red communi cat ion  equ i pment ,  i t ’ s  p robab ly  best  to  arrange  
for outsourced serv i ces .  Cons ider that  specia l  too ls  and test  
equ ipment  may be needed to he lp  t roub leshoot  communicat i on  



Telecommunications Handbook for Transportation Professionals 

 

Chapter 6 

175

problems ,  w ith  hi ghly  compensated  experi enced mai ntenance  
techni c ians .  

A communi cat ion  equ ipment  maintenance  contract  w i l l  typ ica l l y  
cost  between 10 and 20 percent  (per year)  of  the  ori g ina l  
equ ipment  cost .  If  the tota l  system cost  was  $300,000 ,  
maintenance  w i l l  average  
no more  than  $15 ,000 per  
year –  s i gn if i cant ly  less  
than the cost  of  h i ri ng a  
qua l i f i ed  ind i v idual .  

A system w ith severa l  
thousand dev ices  spread  
over a  l arge  area  that  
cost  $20 ,000,000 to  
dep loy  w i l l  requ i re  a  
s ign i f i cant  investment  in  
maintenance and upgrade  
serv i ces .  Outsourci ng the needed serv i ces  w i l l  most  l i kely  cost  
$4 ,000 ,000 per year ( us ing  the 10% to 20% ru le) .  The  cost  of  
h i ri ng  f ive qua l if i ed  personne l  and  support i ng them wit h  
necessary  too ls ,  t ransportat i on ,  spare  parts  and t ra in i ng  might  b e  
about  $2 ,000 ,000 per year .  Make certain  that  at  l east  one of the  
techn i c ians  has  a  s i gn if i cant  background for mai ntai n in g  
te lecommuni cat ion  systems .  

A s imple  s ing le  funct ion  system ( t raff i c  s i gna l  contro l )  w i l l  
requ i re personne l  w ith fewer  ski l l  sets .  Tra in i ng w i l l  be l imited to  
know ledge of  upgrades  to  cover new equ ipment .  Systems w i l l  hav e  
min imum comp lexity .  Comp lex systems support i ng mul t ip le  types  
of  communi cat ions  equ ipment  and systems w i l l  requ i re a  l arger  
staff  w ith  more  ski l l  sets  and cont inuous  t ra i n ing for changes  i n  
systems and upgrades .  

One important  aspect  of  
the budget  deve lopment  
p rocess  i s  comp let i on  of  a  
r i sk assessment .  This  
shou ld  have been done for  
the overa l l  system des ign  
during  cons iderat i on  of  redundancy ,  and wi l l  have  a  d i rect  impact  
on  the maintenance budget .  The communicat i on  system is ,  i n  mos t  
respects ,  the least  fa i lu re  p rone e lement  of  an  overa l l  system ,  

The components of a $4 million maintenance budget 

would include: 

• Personnel 

• Maintenance Shop Facilities 
• Test Equipment 

• Spare parts inventory & consumable repair 

supplies. 
• Tools 

• Technician Training 

• Service Vehicles 
• Etc. 

Basic traffic signal systems use modems and wireline 
transmission media. Technicians will only have to be 

able to do general troubleshooting and item 

replacement. Traffic signal repair personnel can be 
trained to this level of repair. 
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but  potent ia l ly  has  a  h igh r isk of  being d is rupted by  outs ide  
forces .  

The r isk assessment  i s  not  done to  create the maintenan ce  
budget .  E lements  of  the assessment  w i l l  p rov ide an  ind i cat ion  of  
how much  money w i l l  be  requ i red  to  accompl i sh  repai rs  i n  th e  
event  of  a  p roblem . In  this  case ,  ri sk does  not  refer t o  
intent i onal  d i s rupt ion  –  a lthough ,  that  certai n ly  i s  a  factor -  but  
the potent i a l  for power fa i lu res ,  “Backhoe Fade” ( cab le cuts  fro m 
construct i on) ,  l i ghtn ing s t ri kes ,  HVAC fai lu res ,  etc .  The  ri s k  
assessment  shou ld  cons ider the fo l low ing:  

•  Assess  whi ch  port i ons  of  the  communi cat ions  network are  
crucia l  to  overa l l  operat ions .  

•  Which communi cat i on  resources  are  needed to keep  the  
operat i on  funct ion ing at  a  reasonable l evel?  

•  What e lements  can  you  l i ve w ithout? 

•  How long can  you  funct i on  w i thout  cri t ica l  e lements?  

•  How much system degradat ion  i s  acceptab le? 

•  Make an  assessment  that  recogn i zes  which e lements  must  be  
kept  i n  serv i ce and whi ch  can be removed from serv ice  
during the repai r  and restorat ion  cycle .  

Knowing whi ch e lements  of  your communi cat ion  system can be out  
of serv ice and await i ng repai rs  w i l l  he lp  p rov ide effect ive  
management of  resources .  The cost  to  effect  repai rs  during a  
ho l iday  period  w i l l  a lways  be  more than repai rs  completed durin g  
normal  bus i ness  hours .  Even during ho l iday  peri ods  there  are  
port ions  of  the system that can be out  of  serv i ce  w ithout  
effect ing operat ions .  

Communi cat i on  dev i ces  w i l l  requ i re  some type of  upgrade durin g  
thei r  l i fe cycle .  Most  communicat i on  equ ipment  w i l l  operate for  
10,  or more ,  years  w ithout  a  p rob lem . Equ ipment  manufacturers  
w i l l  offer f i rmware  updates ,  and occas iona l ly  rev ise the phys i ca l  
des i gn  of  the equ ipment .  Very  often ,  these updates  are not  
cr it i ca l  to  ex i st ing operat ions  and systems .  However,  you  shou ld  
budget  for occas iona l  updates ,  especi a l ly  i f  the manufacture r  
offers  a  major f i rmware  update .  

The f i rmware  updates  are  norma l ly  free  (some vendors  d o  
charge) ,  but  the end-user  i s  requ i red to  cover the  cost  of  
insta l lat ion .  Insta l lat ion of  most  f i rmware i s  usua l ly  on ly  a  
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matter of  up load ing the update v ia  the system manager program 
and can be accomp l i shed by  the operat i on  staff .  Occas iona l ly  th e  
operat i on  i s  more  comp lex and  w i l l  requ i re  the  serv ices  of  a  
qua l i f i ed  techni c ian  for a  few days .  Legacy  systems  may  requ i re  
s ign i f i cant  rep lacements  of  components  to  accomp l i sh the update .  
Cons ider the overa l l  cost  of  updat i ng  o lder equ ipment  and  
compare  w ith rep lacement by  new equ ipment .  

Upgrades  to  ex ist i ng equ ipment ,  due to  addi t ion  of  new sect i ons ,  
can  be accomp l i shed v i a  a  budget  p rov ided by  the contracto r  
adding the new sect i on  -  however,  there  may be unforeseen  
consequences  as  a  resu lt  of  the addit ions  whi ch were no t  
cons idered as  part  of  the  new sect ion  budget .  Cons ider  
avai l ab i l i ty  of  o lder equ ipment .  The contractor may not  be able t o  
purchase exact  dup l i cates  of  equ ipment  used in  o lder sect ions  o f  
h ighway .  Make certain  that  the contractor gets  new pri ce  
est imates  for the des i red  equ ipment .  O lder equ ipment  becomes  
d iff i cu lt  to  f i nd  and may cost  more  than the  ori g ina l .  

Warranties, Extended Warranties & Service Plans 

This  sect i on  takes  a  l ook at  vari ous  aspects  of  p rodu ct  
warrant i es  and thei r re lat i onship  to  maintenance p rograms .  There  
i s  a  tendency  to  assume that  a  warranty  w i l l  t ake the p lace of  a  
maintenance p rogram . Often ,  as  consumers ,  we have  becom e 
accustomed to  re ly ing on  p roduct  warrant i es  to  he lp  p rotect  us  
against  fa i lu re  of  a  p roduct .  These warrant i es  are  very  specif i c  
about  the coverage ,  the r i ghts  of  the company ,  and  the r ights  o f  
the consumer.  “Note:  The  author suggests  that  you  read  a  
complete p roduct  warranty  for any  consumer e lectron i cs  i tem you  
may have recent ly  purchased .  Al l  of  the examp les  cons idered fo r  
publ i cat ion  here had an  express  p rohib i t ion  of  reproduci n g  
w ithout  writ ten  permi ss ion” .  Al l  warrant i es  rev iewed had on e  
thing in  common -  the very  last  sentence: “Specif i cat i ons and 
ava i lab i l i ty subject to change without not i ce” .  

This  l ast  sentence i s  important ,  because manufacturers  do change  
specif i cat ions  on  a  regu lar bas i s .  A key  reason for changes  i s  
p roduct  updates .  P roducts  are updated based on  feature  demand s  
from customers ,  or p roduct  p roblems d iscovered duri ng warrant y  
repai rs .  Standards  a lso  cause changes  in  p roduct  specif i cat ions .  
Often ,  manufacturers  w i l l  re lease a  p roduct  us ing a  p rel iminary  
standard ,  and make  changes  when a  standard i s  f i na l i zed .  
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Consumer based te lecommuni cat ion  p roducts  have a  l i fe cycle o f  
18 to  24 months  w ith new variants  bei ng re leased every  4 months .  
Wire less  handsets  are a  good example .  Commerci a l  p roducts  hav e  
a  l onger l i fe cyc le ,  usua l ly  based on  market  demand .  If  th e  
demand is  strong ,  a  manufacturer w i l l  keep  producing a  produ ct  
for 5 to  10 years .  However,  that  doesn ’ t  keep  the p roduct  fro m 
changing .  Manufacturers  do make  changes  for the  reasons  stated  
above .  

Some telecommunicat i on  products  are manufactured to  serve both  
consumer and  commerc i a l  demand .  Wire less  routers  based on  th e  
802 .11  series  of  standards  are an  examp le .  Thei r  l i fe cyc le and  
new product introduct ion cyc le  fo l l ow  the consumer market .  If  
you  are  us ing these types  of  p roducts  i n  your system (most  l i ke ly  
w ithin  a  TMC)  be p repared  to  have  severa l  d i fferent  vers i ons ,  and  
poss ib ly  un its  from d ifferent  manufacturers .  

WARRANTIES 

Fol low ing  are  a  few key  facts  about  warrant ies :  

•  Most hardware  manufacturers  p rov ide  a warranty  for thei r  
p roducts .  

•  There are no s tate or federa l  l aws  requ i r i ng that  a  warranty  
be  p rov ided .  Severa l  s tates  have  specia l  regu lat i ons  that  
may govern p rov is ions  of  warrant i es ,  but  those are p rimari l y  
d i rected at  p rotect i on  for ind i v idua l  consumers ,  not  
commerci a l  (or government)  enterprise .  

•  Warrant i es  are  offered as  part  of  a  market ing p rogram . 

•  Equ ipment  manufacturers  create a  budget  l i ne i tem to  
p rov ide  for fu lf i l lment of  warranty p rograms .  

•  Warrant i es  normal ly  p rov ide  for the  repai r ,  or rep lacement ,  
of  a  p roduct  due to  manufacturing defects .  

•  Warrant i es  are  actual ly  one  of  the cost  components  of  a  
p roduct .  

•  Warrant ies are not maintenance programs ! 

Warrant i es  for commerci a l  p roducts  are  essent i a l ly  the  same as  
consumer products  w ith  one genera l  except i on .  Consumer  product  
warrant i es  tend to  be very  short  term –  30 days  to  one yea r .  
Commerc ia l  p roduct  warrant ies  tend to  be offered for l onger  
periods  –  90 days  to  5 years .  
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Some manufacturers  w i l l  p rov ide fu l l  rep lacement ,  whi le  others  
w i l l  on ly  p rov ide parts  and  requ i re  payment  for l abor  charges .  
Most  commerc i a l  p roduct warranty  peri ods  start  on  date of  
manufacture ,  others  on date  of  shipment ,  and others  on  the dat e  
of  i nsta l l at i on .  There  are  no government  or i ndustry  s tandards  
for warrant ies .  The  terms  of  the  warranty  are  set  by  th e  
manufacturer .  Commerc i a l  law  and court  decis i ons  help  to  mo ld  
the word ing of  warranty  terms .  

EXTENDED WARRANTIES 

Many manufacturers  offer factory  serv i ce and repai r p rograms .  
For a  sma l l  one-t ime fee (paid  in  advance)  p roducts  can  be  
returned to  the factory  (or  authori zed repai r center)  for “out-
of-warranty”  serv i ce .  Instead of  p rov id ing the standard warrant y ,  
the manufacturer offers  an  extens ion  (typ i ca l ly  one to  three  
years)  beyond the bas i c  t ime  period .  Coverage i s  the same as  th e  
bas i c  warranty .  Damages  due to  abuse ,  or l i ghtn i ng  str ikes ,  o r  
power surges ,  f l oods ,  f i re ,  etc . ,  are  not  covered .  Factory  serv i ce  
can  p rov ide overa l l  sav ings  for a  maintenance  p rogram when used  
for “commodity ”  type p roducts .  Commodi ty  p roducts  are  low  cost  
and  mass  produced .  These  wou ld  inc lude modems  used  for t raff i c  
s igna l  contro l l ers ,  or f iber opt i c  modems used in  FMS, o r  
handhe ld  2-way rad i os  used  by  roadway maintenance personnel .  
The products  can  be eas i l y  rep laced w ith spares  by  a  technic i an  
w ith min ima l  experi ence and  returned to  the factory  for repai r .  
Extended warranty  programs he lp  reduce the maintenance cost  
associ ated w i th component  degradat i on  and fa i l u re .  Under the  
warranty ,  the factory  w i l l  rep lace components  that  no  longer  
meet specif i cat ion ,  and  upgrade the p roduct  to  the  lates t  
vers ion .  Extended  warrant i es  do not  p rov ide for on-s i te  serv i ce  
and troub le shoot ing of  external  system prob lems affect ing the  
warranted dev ice .  

The fo l low i ng is  a  typ i ca l  hardware warranty  from a manufacture r  
of  modems/fiber opt i c  modems used  in  t raff i c  s i gna l  and  freeway  
management  systems:  
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XXX COMMUNICATIONS, LLC  

XXX Communications LLC  
 

Traffic Electronics Manufacturer  Specializing in Communications  

LIMITED WARRANTY  

XXX Communications LLC (XXX) warrants to the Buyer that all XXX goods (equipment and component parts) when sold 

are free from defects in materials and workmanship under normal use and service for a period of one year from the date of 

shipment, as evidenced by  XXX 's  or its agent's packing list or transportation receipt.  XXX 's obligation under this 

warranty shall be limited to the repair or replacement of goods, at XXX 's option, which XXX 's examination shall disclose 

to its satisfaction to be defective.  In no event shall XXX 's liability for any breach of warranty exceed the net selling price 

of the defective goods.  No person, including any dealer, agent or representative of XXX, is authorized to assume for XXX 

any other liability on its behalf.  

XXX has no obligation or responsibility for goods which have been repaired or altered by other than XXX 's employees.  

This warranty is the only warranty made by seller and is expressly in lieu of all other warranties express or implied, 

and warranties of merchantability and fitness for any particular purpose are specifically excluded. 

WARRANTY CLAIM PROCEDURES 

Defective goods must be returned, transportation charges prepaid, to XXX for correction.  XXX will pay return 

transportation charges for warranty repair.  Upon redelivery of goods corrected under this warranty, the repaired or replaced 

portions shall be subject to this warranty for a period of 90 days or until expiration of the original warranty, whichever is 

later.  All claims of failed or defective goods must be in writing and received by XXX within the specified warranty period.  

XXX will provide Buyer a return authorization number as authority to return the goods and for use in monitoring repair 

status.  

Repair or replacement of defective goods will be at XXX’s discretion and for the Buyer's account when the cause of failure is 

determined by XXX 's examination to be misuse, mishandling or abnormal conditions of operation. In such event a firm price 

quotation for correction of the goods may be submitted to the buyer.  No repair or replacement work will be initiated prior to 

receipt of the buyers written authorization to proceed and approval of price, except as may be necessary to complete XXX’s 

examination of the goods.  If returned goods are determined not to be defective or if the Buyer elects not to authorize 

correction at its expense of goods not covered by this warranty, XXX may charge a reasonable amount for such evaluation.  

Any amounts due XXX under these conditions will be subject to the same payment terms as the original sale.  The Buyer will 

not recover from XXX by offset, deduction or otherwise, the price of any goods returned to XXX under this warranty. 
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Note that  there  are  s tatements  whi ch l imit  the l i ab i l i t y  of  th e  
manufacturer,  and the fact  that  the warranty  s tarts  on  the dat e  
of  shipment .  There  i s  no  agreement under the s tandard warrant y  
w ith respect  to  acceptance of  a  system or other test i ng .  

RELATIONSHIP OF WARRANTIES TO SYSTEM SPECIFICATIONS 

There  i s  nothing i n  the term ino logy  of  a  warranty  that  makes  th e  
manufacturer respons ib le for the funct ion ing of  thei r p roducts  i n  
a  system . Manufacturers  of  hardware genera l ly  do not  take  
respons ib i l i ty  for system construct i on  and system i ntegrat i on .  
Because they  do not  have tota l  contro l  over the s i tuat ions  i n  
which thei r  p roducts  are  used ,  manufacturers  w i l l  on ly  take  
respons ib i l i ty  for the qua l i t y  of  thei r  manufacturing p ro cess  and  
the components  used .  

A number of  speci f icat i ons  for freeway management  and t raff i c  
s igna l  systems w i l l  requ i re that  a  system be insta l l ed ,  opt imized  
and pass  acceptance test ing before  a  warranty  peri od  starts .  Thi s  
i s  contrary  to  the statements  in  manufacturer warrant i es .  Many  
p roducts  are  de l i vered  three to  s ix  months  before  i nstal l at ion .  
Some manufacturers  w i l l  t ake  th i s  into  account  and  extend the  
warranty  start  date ,  i f  requested in  advance .  However,  the terms  
of  the warranty  do not  change .  

Most  systems are ins ta l led  by  a  genera l  contractor (GC)  o r  
systems in tegrator .  The GC is  u lt imate ly  respons ib le for  meet in g  
the D .O .T .  specif i cat ions .  If  the end object ive i s  to  ho ld  th e  
genera l  contractor respons ib le for the system unt i l  i t  passes  
f ina l  acceptance  test ing ,  then state this  i n  the specif i cat ions .  
Don ’ t  confuse manufacturer warranty  terms  w ith  contractua l  
purchas i ng terms .  Often ,  the genera l  contractor  asks  a  
manufacturer i f  thei r  p roduct  meets  specif i cat i on ,  but  fa i ls  t o  
ask i f  the manufacturer w i l l  agree  to  the  purchase terms .  The  
end  resu lt  i s  that  the genera l  contractor does  not  account  fo r 
the test ing and acceptance period  in  thei r b id  p ri c i ng .  U l t imate ly ,  
a  l ow  b id  p ri ce t rans lates  into  system opt imizat ion  delays  whi l e  
the GC and the equ ipment  vendors  work to  reso lve contractua l  
i ssues .  

SERVICE PLANS 

A “do- i t-yourse lf ”  systems  maintenance and  serv ice po l icy  doesn ’ t  
a lways  make sense when you ’ re t ry i ng to  manage t ime ,  peop le an d  
budget .  Maintenance serv i ce  p lans  he lp  to  off- load some of th e  
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cost  of  keep i ng  a  communi cat ion  system runn i ng .  Advantages  of  a  
serv i ce p l an  are :  

•  Prov ide a  f ixed cost  to  he lp  contro l  budgets  

•  Assurance that  serv ice personnel  are  avai lab le 

•  Rout i ne system and hardware checks  to  help  maximize “up-
t ime” 

•  Can prov ide for techno logy  and software  updates  on  a  
regu lar bas is  

•  Cons idered as  an  operat i onal  cost  rather than a  cap i ta l  
expendi ture 

•  Prov ide for emergency  repai rs  and system restorat ion  
w ithout  addit iona l  costs .  

•  El imi nate the need to  support  “speci a l ty”  techn i c ians  on  
staff focused on a  sma l l  p ort ion of  your overa l l  operat ion .  

Serv i ce p l ans  (or maintenance agreements)  are a  f i xed fee  
contract  w ith  a  hardware vendor,  system i ntegra tor,  o r  
maintenance serv i ces  company for the rout ine maintenance and  
repai r  of  hardware  and systems .  Contracts  are  typ i ca l ly  based on  
the fo l low i ng e lements :  

•  Number of  dev i ces  

•  Number of  d i fferent  vendors  p roducts  

•  Types  of  dev i ces  

•  Indiv idua l  “Mean-Time-Between-Fai lu re”  (MTBF)  factors  

•  Area  of system dep loyment ( state ,  regi on ,  loca l )  

•  Age of respect ive dev i ces  and system 

•  Serv i ces  to  be p rov ided 

•  Other factors  (based on  a  re v iew by  the serv i ces  p rov ider)  

The largest  factor in  determ in ing  the fees  for a  serv i ce contract  
is  the tota l  number and types  of  dev i ces .  Serv i ce compan ies  hav e  
stat i st i cs  that  ind i cate how often  a  product ,  o r type of  product ,  
w i l l  need rout ine maintenance and genera l  repai rs .  They use thi s  
as  a  basel i ne  to  determine  p ri c ing .  Genera l ly ,  the greater th e  
number of  dev ices ,  the lower the un it  cost .  One dev ice may  
requ i re  two  serv ice i nc idents  per year p lus  two  rout in e  
maintenance ca l ls  per year,  but  10  dev i ces  may st i l l  on ly  requ i re  
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two serv i ce  inc idents  per year,  p l us  rout ine mai ntenance .  A  
serv i ce inc ident  can  be defi ned as  the requ i rement  for an  actua l  
repai r  due to  fa i lu re .  Therefore ,  a  serv i ce company may  charge  
$500 per year to  mai ntain  a  s ing le dev ice ,  and $1 ,000 to serv i ce  
10  dev i ces .  The cost  of  the  serv i ce inc idents  i s  spread  over 10  
un its .  

Vari ety  of dev i ces  (modems,  v ideo CODECS, CCTV cameras ,  etc . )  
and  manufacturers  w i l l  affect  the tota l  fees  because of  a  need to  
maintai n  spare parts  and dev ices ,  and techn i c ians  w ith d ifferent  
ski l l  sets .  A large  system spread  over an  ent i re  s tate  w i l l  requ i re  
more  resources  than the same system dep loyed i n  a  smal l  area .  

Mai ntenance contracts  can  be l imi ted to  a  few serv i ces ,  such as  
emergency  repai rs  on ly .  Or,  they  may inc lude a who le su ite o f  
serv i ces  inc lud i ng a  requ i rement  to  rep lace dev ices  that  have  
been  in  the  f i e ld  for more than  3  years .  The more  serv i ces  
requ i red ,  the greater the cost  of  the contract .  

There  are  some thi ngs  that  most  serv ice p l ans  do not  cover .  They  
won ’ t  cover repai rs  requ i red  because  of  acts  of  vanda l i sm,  fau l ty  
e lectri ca l  serv i ce,  power surges ,  damage due to  “acts-of-god ” ,  
outages  of  telecommuni cat ion  l i nes ,  or fau lty  in sta l l at ion .  
However,  you  can  make s t ipu lat ions  in  a  contract  and pay  extra  to  
p rov ide  coverage because of  those p rob lems .  

Before  start ing a  serv ice  contract ,  make certai n  that  you r  
system is  fu l l y  funct i onal  and that  a l l  p roblems created by fau l ty  
i nsta l lat ion  have been corrected .  Don ’ t  expect  the  serv i ce  
contractor to  make up  for the short-comings  of  a  poor  
insta l lat ion ,  or fau lty  des i gn .  

To learn  if  a  maintenance/serv i ce contract  i s  a  good opt ion  fo r  
your operat i on ,  comp lete a  fu l l  equ ipment  i nventory ,  and as k  
qua l i f i ed  vendors  to  submit  an  est imate for thei r serv i ces  us i ng  
an  RFI process .  Don ’ t  be concerned about  vendor qual i f i cat ions  at  
th is  po int .  The object ive i s  to  determ ine potent ia l  costs  and  th e  
number of  vendors  interested in  p rov id ing serv i ces .  If  you  
determine that  a  serv ice/maintenance contract  w i l l  he lp  save  
money ,  or improve your overal l  operat ion ,  then use a  formal  b id  
p rocess .  App ly  the techni c ian  qua l i f i cat ions  l i sted at  th e  
beginn ing of  this  chapter .  A lso  request  a  l i s t  of  curren t  c l i ents  
and  comp lete a  user sat isfact ion  survey  ( contact  exi st ing  c l i ents )  
before  se lect ing a  vendor.  Don ’ t  forget  to  refer to  the FHWA 
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Handbook “Guidel i nes  for Transportat i on  Management  Systems  
Mai ntenance Concepts  and P l ans ”  for more i nformat ion .  

Conclusions 

Al l  communi cat i on  systems requ i re  some form of maintenance .  
Current  des i gn  and manufacturi ng techn iques  have e l im inated a  
lot  of  the requ i rement  to  constant ly  check that  equ ipment  i s  
runn ing to  specif i cat i on .  Most  current  communi cat ion  hardware  
and systems ,  once p roperl y  insta l l ed  and opt imized ,  w i l l  run  
t roub le-free for l i fe .  However,  that  does  not  e l iminate the need  
for checking the system at  least  once every  three to  s i x  months .  
The techni c i ans  can  check for l oose  connect ions  or mois ture  and  
dust ,  or other p rob lems whi ch  may affect  system performance .  
The techni c i an  can  a lso  verify  equ ipment inventory .  A good  
maintenance  p rogram w i l l  he lp  to  assure  re lat i ve ly  t rouble free  
system performance ,  and  u lt imate ly  l ower overa l l  cost  of  
operat i ons .  
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7. CHAPTER SEVEN – SYSTEM EXAMPLES 

Introduction 

Departments  of  Transportat i on  have been  learn ing  how to  deve lop  
te lecommuni cat ions  systems  to  support  t raff ic  and freeway  
management for many years .  There has  been a  concerted attemp t  
to  create  a  standard i zed  architecture  that  wou ld  support  
requ i rements  for most  dep loyments .  However,  one constant  that  
has  evo lved i s  that  no  two  systems can be conf i gured in  the sam e 
way .  Many elements  ( i .e . ;  modems ,  v ideo codecs ,  t ransmiss i on  
medi a ,  etc .)  of  a  communi cat ions  system are cons is tent  i n  thei r  
funct i onal i t y  (system to  system) ,  but ,  i t  i s  the  un iqu e  
arrangement of  those e lements  that  d i fferent i ates  between  
systems .  Each user has  the i r own set  of  requ i rements  which a  
un ique ( in  overa l l  des i gn)  te lecommuni cat ions  system is  requ i red  
to  support .  

This  chapter w i l l  l ook  at  two very  d ifferent  approaches  to  us in g  
te lecommuni cat ions  technologi es  support i ng freeway operat ions  
and t raffi c  s i gnal  management:  

•  The Utah Department  of  Transportat ion  Sa lt  Lake Val ley  
Regi onal  Freeway Management and Traffic  Si gnal  System 

•  The C ity  of  Irv ing Texas  Traff i c  Management System (As  
this  handbook is  being written ,  the system is  in  the p rocess  
of bei ng  insta l l ed) .  

Both systems ,  un ique in  thei r  approach to  p rov id ing  a  
te lecommuni cat ions  system , have severa l  factors  i n  common:  

•  Both are upgrades  from a legacy  system 

•  Both are the resu lt  of  requ i rements  to  expand overa l l  
t raff ic  management serv i ces  

•  Both have  a  requ i rement  to  merge  w ith ,  and t rans it i on  from,  
legacy  systems 

•  Both w i l l  use l atest  generat ion  te lecommuni cat i ons  
equ ipment  support ing broadband v i deo .  

•  Both w i l l  a l l ow  traff i c  data  to  be t ransported to  mu lt i p le  
users  

•  Both w i l l  upgrade to  take advantage of  recent ly  deve loped  
IEEE 802 seri es  s tandards .  
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•  Common ly  used te lecommuni cat ion  dev i ces  (modems ,  routers ,  
v ideo CODECs ,  etc .)  have the same funct i ona l i ty  in  both  
systems .  

The primary  d ifferences  are that  one system was  created t o  
support  a  reg iona l  t raff ic  contro l  p lan ,  the  other created t o  
cover a  smal l  u rban/suburban c i ty  area .  Each system i s  un iqu e  
because each was  des igned to  meet  a  specif i c  set  of  end-user  
requ i rements .  The UDOT system was  ori g ina l ly  des i gned t o  
support  mu lt ip le  funct ions  incorporat ing  both t raff i c  s i gna l  
contro l  for l oca l  st reets ,  and freeway operat i ons .  The  C i ty  of  
Irv ing system was  orig i na l ly  des i gned  to  support  t raff i c  s i gna l  
management for loca l  st reets .  

Utah DOT System 

BACKGROUND 

In the early  1990 ’s ,  the Utah Department  of  Transportat ion  
(UDOT)  began p lans  to  develop  CommuterLink ,  an  Advanced  
Traff i c  Management  System . This  system , started as  a  regi on a l  
coordinat ion  of  s i gnals  across  ju r isd i ct i onal  boundari es  w ith in  th e  
Sa lt  Lake Va l ley ,  has  grown  to inc lude over 600 traffi c  s igna ls ,  
1400 detector stat ions ,  250 c losed c i rcu it  te lev is ion  cameras  
(CCTV) ,  70 VMS and a  w ide range of anci l l ary  t ransportat ion  
management  systems such as  511 ,  a  webs ite ,  HAR, RWIS,  etc .  To  
support  this  system , UDOT has  insta l l ed  i ts  own dedi cated f iber  
opt i c  communi cat ion  network .  

The communi cat ion  network encompasses  most  of  the va l l ey ,  and  
reaches outwards to  i nc lude  the C it i es  of  Ogden to  the North ,  
Span i sh  Fork to  the South ,  and a l l  other major c i t ies  in  between  
such as  P rovo  and Orem. With over 100  mi les  of  f iber opt ic  cab l e  
(as  of  the pub l icat i on  date of  thi s  handbook)  in sta l led ,  th e  
system is  expected  to  double by  2006 . This  network is  ded i cated  
exc lus ively  to  t ransportat i on  and security  re lated serv ices  and  
l i nks  the UDOT Traffi c  Operat ions  Center (TOC) ,  the Sal t  Lake  
C ity  and County  Traff i c  Contro l  Centers  (TCC ’ s ) ,  the Utah  Trans i t  
Authori ty  (UTA)  d ispatch  center,  and vari ous  emergency  
management centers .  

In  response to  the new expans i on  efforts ,  capacity  l imitat ion s  
and some end of  l i fe hardware announcements  -  such as  the v ideo  
matrix  sw i tch -  UDOT requested that  an  a lternat ives  analys is ,  
and future  needs assessment ,  be performed to  i dent ify  new and  
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Manuf ac t ur e D i s co n t i n ue -

the man ufa c t ur er  o f  a  

pro d uc t  d ec id e s  to  s t op  

man uf a ct ur i n g  a pro d uc t  ( o r  

pr o d uc t l i n e ) ,  an d  pr ov i d e  

m i n ima l  war ra n t y a nd par ts  

sup por t .  

proven state-of-the-art  v ideo techno logi es  and other  
communicat i on  techno logi es  that  cou ld  be used in  an  upgraded and  
expanded CommuterLi nk .  The resu lt  of  this  ana lys i s  was  a  
recommendat ion  for fu l l -sca le rep lacement  of  the  exis t in g  
Jave l in  v ideo  matrix  sw itch ,  and  the  convers i on  from the exis t in g  
ATM and SONET network to  an  Ethernet  over IP  so lut i on .   

In  the ori g ina l  concept ,  p lacement of  mu l t ip le  v ideo  matrix  
sw itches  was  env is i oned w ith in  Regi onal  centers  to  serve the loca l  
areas ,  w ith a  f i xed and l im ited number of  ports  being  shared  
between  centers  ( i .e . ,  l imit ing the t ransfer between the TOC an d  
Regi onal  Hubs to  any  8  v ideo s i gna ls  at  any  one t ime) .  
Imp lementat i on  of  th is  concept  was  de layed unt i l  after the  
Olympi cs  because the need  was  not  there ,  and because new  
CommuterL i nk software was  a l so  requ i red to  contro l  thes e  
mult ip le  sw itches .  

With the expans i on  of  the  number of  CCTV cameras  and th e  
p rov is ion ing of  v ideo l i nks  to  addit i onal  agencies ,  the analys is  was  
expanded to inc lude cons iderat ion  of  the communicat i on  
requ i rements  necessary  to  i n terface w ith these centers .  The use  
of  a  v i deo matrix  switch w ith remote nodes  i s  t i ght ly  in tertwined  
w ith a  communi cat ion  
infrastructure ,  and one cannot  be  
analyzed w ithout  the other .  The  
resu lt ing ana lys is  took into  
account  a l l  current  and env i s ioned  
future  CommuterL i nk requ i rements  
of  the State ,  County ,  and  
muni c ipa l  agencies  w ithi n  the  
state of  Utah,  whi le  p reserv ing to  
the greatest  extent  poss ib le ,  l egacy  systems .  Also  cons idered are  
recurri ng and upgrade costs  that  are associated w ith a  “d o  
nothing”  approach .  This  opt i on  i s  in  rea l i ty  a  misnomer,  because  
s ign i f i cant  resources  are s t i l l  requ i red to  maintain  and /  o r   
rep lace obso lescent  equ ipment  ( i .e . ,  Hub Ethernet  sw itches ,  f i ber  
modems ,  etc .) .  

Note:  The above background  informat i on  was  excerpted from an  
assessment  study  comp leted by  a  consu l tant  for the  Utah  
Department of  Transportat i on .  The study makes  an important  
observat ion  about  communi cat ions  techno logi es  and p lann ing  –  as  
techno logy  advances ,  p lans  must  change . 
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“I P Mu l t i c as t ”  – A pro cess  

tha t  perm i t s  d i s t r i b u t i o n  of  

a CCTV camer a image to  many  

us er s .  The image i s  s e n t  to  a  

mu l t i c as t  sw i tc h  t ha t  a l l ows  

us er s  to  v i ew  u s i n g  a Web  

Brows er  a p p l i ca t i o n  o n  t he i r  

de s kt op  comput er .

The orig i na l  p l an  was  to  dep loy  severa l  matrix  type  v ideo  switches  
in  various  locat i ons  throughout  the regi onal  system .  
Unfortunately ,  matrix  v i deo sw itches  requ i re  s i gn i f icant  
te lecommuni cat ions  infrastructure  to  support  thei r  abi l i ty  to  
route v ideo between  several  l ocat ions .  S imp ly  put ,  they  are  
“bandwidth hogs” .  During the period  of  the in i t i a l  dep loyment  of  
the CommuterL ink system communicat i on  techno logy ,  standards ,  
and processes  evo lved to  prov ide the  abi l i ty  to  route  v i deo  w ith  
s ign i f i cant ly  l ess  bandwidth and te lecommunicat i ons  
infrastructure support .  The overrid i ng factors  were the  
cont inued deve lopment of  the IEEE 802 .3 seri es  of  standards ,  
and MPEG v ideo compress i on  standards .  Video can now be routed  
from its  source to  a  desktop  computer us ing “Video-over-IP ” .  The  
UDOT system takes  advantage of  these new capabi l i t i es .  Duri n g  
th is  same period ,  the matrix  v ideo  sw itcher p roduct  l i ne was  so ld  
to  a  new manufacturer .  The new company decided to  “manufacture  
d iscont i nue”  the p roduct  l i ne .  

UDOT asked the consu ltant  to  
look at  a lternat ives  to  rep lacing  
the v ideo matrix  switch .  The 
resu lt ing invest i gat i on  conc luded  
that  rep lacement of  the matrix  
sw itch w ith v ideo over IP  wou ld  
p rov ide  a  s i gn if i cant  operat iona l  
advantage,  and p rov ide s i gn i f icant  
cost  sav i ngs  v i a  the use  of  lower  
cost  communi cat ions  infra-
structure hardware .  The actual  recommendat i on  was  to  m igrate to  
a  d i g i ta l  IP  communi cat ion  network w ith IP  Mult icast  fo r  
switching and  d istr ibut ion  of  the v ideo .  However,  the  exi st in g  
ATM/SONET te lecommunicat ions  infrastructure wou ld  have to  be  
rep laced ,  or modif i ed .  There  wou ld  be an  i n i t i a l  cap i ta l  out l ay  to  
effect  th is  change ,  but  the sav i ngs  on  future equ ipment  
purchases  ( and maintenance)  wou ld  pay  back the in i t ia l  out lay .  
Most  important ,  UDOT wou ld  ga i n  the  abi l i ty  to  route v i deo  
w ithout  hav i ng  to  ins ta l l  and  maintain  expens ive v ideo matrix  
sw itchers .  

THE SYSTEM -  EXIST ING 

The current  system was  eva luated for i ts  abi l i t y  to  support  v ideo  
over IP  w ith the object i ve  of  re-us ing as  much  of  the  current  
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te lecommuni cat ion  system as  poss ib le .  Because the  exist i n g  
system was  based on   us ing  a  v ideo matrix  sw itch there was  a  
s ing le po int-of-fai l u re .  A matrix  switch i s  nothing more than a  
large  input-output  dev i ce .  In  th is  case ,  the sw itch  had a  capaci ty  
of  300 inputs  and 200 outputs .  The sw itch wou ld  a l l ow  any  one  o f  
the inputs  to  be output  on  one ,  two ,  three ,  or more outputs .  Th e  
mechanics  of  the sw i tch are such that  every  one of  the i nputs  
and every  one of  the  outputs  must  be  d i rect ly  connected to  an  
analog v ideo source ,  or moni tor .  Thi s  was  a  reasonab ly  effi c ient  
des i gn  for telev i s ion  p roduct ion  stud ios  of  the 1980s and 1990s ,  
and certai n ly ,  i n  the p l ace of any  other reasonable a l ternat ive ,  
very  useab le for the CommuterL ink system . Lower capac ity  (and  
lower cost)  sw itches  are  used in  the security  industry .  

Video Matrix  sw itches  were des i gned to  take an  ana log v ideo  
source and route i t  to  a  record i ng un it ,  or  a  v ideo moni tor w ithi n  
a  te lev is ion  p roduct ion  s tud i o ,  or w i thi n  a  large  off i ce  bu i ld i ng ,  
or between severa l  bu i ld ings  in  a  campus  env i ronment .  To use i t  i n  
a  t ransportat i on  env i ronment ,  the v ideo from CCTV cameras  mus t  
be t ransported from the f i e ld  to  the Traff i c  Contro l  Center .  Thi s  
requ i res  us i ng  a  s i gn if i cant  amount  of  f iber opt ic  strands  (o r  
coaxi a l  cab les)  to  support  a  large number of  CCTV cameras  fo r  
d i rect  camera to  sw itch connect ions .  Another opt ion  i s  to  convert  
the v ideo to  a  compressed d ig i ta l  s i gnal ,  mu lt ip lex i t  w ith other  
v ideo s igna ls  and t ransport  to  a  TOC where  the s i gna l  i s  de-
mult ip lexed ,  un -compressed ,  and  then connected  to  the  sw itch .  
E ither of  these scenari os  creates  a  s ituat i on  that  is  hardware  
intens ive ,  and  cost ly  to  dep loy  and  maintain .  

Dep loyment  of  the  CommuterLink  systems  occurred  over a  period  
of  years  and ut i l i zed  three  generat i ons  of  communicat i on  
d istribut i on  networks .  The d i stribut i on  networks  p rogressed from  
a requ i rement  to  use one strand of  f iber per CCTV camera ,  p lu s  
two strands  of  f iber for a  mu lt i -drop  PTZ communi cat ion  l i nk ,  
p lus  two strands  of  f iber for a  mu lt i -drop  traff i c  
contro l l er/traff i c  dev ice data l i nk ,  to  a  s ingle strand of  f iber  
for a l l  three systems .  UDOT uses  two primary  f iber opt ic  cabl e  
networks :  

•  Backbone –  des i gned to  p rov ide serv i ce from communi cat ion  
hubs to  the TOC 

•  Distribut i on  –  des igned to  p rov ide serv i ce from f ie ld  
cabinets  to  the communicat i on  hubs .  
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The change i n  the des i gn  of  the  d istr ibut ion  network systems  
prov ided a  s i gn if i cant  sav i ngs  in  the amount  of f iber s trands  and  
the amount  of  communicat i on  equ ipment  requ i red in  the f i e ld  
cabinets .  However,  there was  no change in  the amount  of  f ib er 
requ i red between the hubs  and the TOC . 

Between the hubs  and the  TOC,  UDOT used three  separat e  
communicat i on  networks :  

•  ATM to p rov ide connect iv i ty  between vari ous  computer  
systems 

•  SONET to  p rov ide communicat i on  for low speed data  
channels  that  served camera  PTZ , changeab le message s i gns ,  
t raffic  s igna l  contro l lers ,  and  other dev i ces  

•  Video to  p rov ide transport  of  fu l l  mot ion  v ideo  from 

cameras .  

 

The UDOT Network d i agram prov ides  a  graphica l  representat i on  
of  the three communicat i on  networks  used for the overa l l  system .  
The f i rst  generat ion  system used  separate f iber strands  for each  
network i n  both the d istr ibut ion  and the backbone  cab les .  
Subsequent  generat i ons  used fewer f ibers  in  the d i str ibut ion  
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F igure  7 -1 :  D iagram UDO T Curren t  S ys tem  
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cab le ,  but  cont inued  to  use separate  f ibers  in  the  backbone  
cab le .  

THE SYSTEM -  NEW 

UDOT ori g ina l ly  cons idered  dep loy ing addit iona l  ana log v ideo  
matrix  sw itches  to  route  v ideo to  other centers  and  user 
agenci es .  The exist ing f iber opt i c  cab le infrastructure wou l d  
have to  be expanded to  support  the  addit iona l  sw itches .  With the  
know ledge  that  the  v ideo  matrix  sw itch  product  was  taken out  of  
p roduct ion  and no l onger supported by  the manufacturer,  UDO T 
looked at  a lternat ive v ideo d istribut i on  strategi es .  This  led  to  a  
complete rev i ew of exist ing systems and thei r  communicat i on  
requ i rements .  

The decis i on  was  made to  complete a  phased rep lacement of  th e  
te lecommuni cat ion  system and the  analog  v ideo  matrix  switch .  
This  p rocess  wou ld  be faci l i tated by  the fact  the exist i ng f ib er 
opt i c  ab le infrastructure  wou ld  not  have to  be rep laced .  A  

recommendat ion  was  made to  convert  the v ideo  s i gnal  to  a  d i g i t a l  
IP  format in  the f ie ld  cab i net .  

The comparison  shows that  s ign i f icant  sav ings  are  ga ined by  
convert ing to  an  IP  arch itecture .  Table 7-1  p rov ides  a  l i st  of  
est imated  costs  and a  p roposed upgrade schedu le:  

Tab le  7 -1 :  Dep loyment  Cost  Es t imates  

Architecture Comparison - Urban Surface Street Configuration
( 16 Cabinets + Hub )
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F igure  7 -2 :  Graph  -  Compar ison  o f  Sa vings  Rea l i zed  by UD O T Con ver t ing  to  an  IP  Arch i tec ture
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Dep loyment Cost 

Est imate 

Proposed 

Schedule 

TOC Ethernet  LAN Switch Upgrades  $250,000 FY04 

V ideo  Decoder  Equipment at  the  TOC  

and  a l l  Ex ist ing  Partner  Agency  

Locat ions  

$750,000 FY04 –  06 

Hub Ethernet  LAN Switch Upgrades  $650,000 FY04 –  06 

Cabinet  Ethernet  LAN Switch Upgrades $520,000 FY04 –  06 

Cabinet  Seria l  Port Adapters  $120,000 FY04 –  06 

V ideo  Encoder  Equipment  for  200 F ie ld  

Cabinets  
$800,000 FY04 –  06 

Total  $3,090,000  

UDOT can cont inue to  use  the exist ing systems and  prov ide  
upgrades  over t ime  to  min imize overa l l  budget  impact .  As  shown  i n  
the above tab le ,  there  are  no expenses  to  modi fy  the exis t ing  
f iber opt i c  cab le i nfrastructure .  Affi l i ated user agenci es  can  b e  
added at  mi n imal  cost  because the v ideo,  and other data ,  can  b e  

Drop 2 Drop 3 Drop 4 HubDrop 1

9.6 Link 9.6 Link 9.6 Link 9.6 Link

Using traditional TDM protocols all devices on a common 
circuit must use the same data transmission rate

Drop 2 Drop 3 Drop 4 HubDrop 1

100 Mb 
Link

100 Mb 
Link

1000 Mb 
Link

1000 Mb 
Link

Using Ethernet many devices can share a common circuit 

Figure  7 -3 :  Diagram -  Compara ison  Mul t i -Drop  VS.  Ethernet 
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routed us i ng standard Ethernet  arch itecture  and lower cost  off-
the-she lf  hardware .  

A major advantage of  us ing the Ethernet  architecture  i s  that  i t  
can  support  mu lt ip le  dev i ces  requ i r ing  d ifferent  dat a  
t ransmiss ion  speeds .  Mu lt i -drop  communi cat ion  c i rcu it s  –  such as  
those used w ith t raff ic  s i gnal  contro l l ers  –  requ i re that  a l l  
dev i ces  communi cate  at  the same data rate .  The compressed v ideo  
s igna l  from a CCTV camera  cannot  be added to a  mu lt i -drop  
c i rcu it  used for t raff i c  s i gnal  contro l l ers  un less  the v ideo s igna l  
i s  t ransmitted at  the same data rate .  Most  t raff ic  s i gna l  
contro l l ers  use a  data  rate  of  9 .6 Kbps  and  most  compressed  
v ideo s i gnals  are  t ransmitted us ing a  data rate of  between 384  
Kbps  and 1  Mbps .  Us ing Ethernet  and IP  p rotoco ls ,  each dev i ce  
can  t ransmi t  at  i ts  own data rate .  Therefore ,  many d ifferent  
dev i ces  can  share  a  common data communi cat ion  c i rcu i t .  The end  
resu lt  i s  a  s imp l if i cat i on of  the overa l l  communi cat ion  system ,  
i .e . ,   fewer strands  of  f iber,  and less  hardware .  

The fu l l  report :  CommuterL i nk Communi cat ion  System Ana lys is  –  
Al ternat i ve  Archi tecture Opt ions  -  i s  ava i l ab le on  the  USDO T 
Joi nt  P rogram Office web  s i te .  

City of Irving Texas 

BACKGROUND 

Irv ing ,  Texas ,  a  communi ty  of  about  200 ,000 res idents ,  i s  part  of  
the Dal l as-Fort  Worth  Metro Area ,  and  home to the Da l l as  
Cowboys  Footbal l  Stad ium .  The Traff i c  and Transportat i on  
department  i s  respons ib le  for the operat ion  and mai ntenance o f  
the t raff i c  s igna l  system- a  system w ith 175 s i gnal i zed  
intersect i ons .  Most  operate on a  “t ime-of-day ”  s i gna l  p l an ,  and  a  
few are c losed- loop .  The current  system uses  severa l  vers ions  o f  
the NEMA traff i c  s i gnal  contro l l er ,  and  there i s  no  centra l i zed  
contro l .  The department  re l ies  on  te lephone ca l lers  to  report  
p roblems and d ispatches  techn ic i ans  to  i nvest i gate and effect  
repai rs .  The C i ty  of  Irv i ng i s  seeking to  update i ts  current  
t raff ic  s igna l  system to p rov ide for centra l i zed contro l  and  
problem locat ion .  The t raff i c  department  i s  p ropos ing to  rep lace  
the vari ety  of  s i gnal  contro l l ers  w ith the 2070 type .  

The update ca l ls  for the  tota l  rep lacement  ( over t ime)  of  th e  
NEMA type contro l l ers ,  addit ion  of  CCTV cameras ,  t rave le r  
informat i on s i gns ,  and  central i zed contro l  of  a l l  t raffic  s igna l s .  
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Centra l  contro l  wou ld  p rov ide immedi ate not if i cat ion  of  s igna l  
p roblems and a l low  for dynamic re-t iming of s i gnal s  to  account  
for speci a l  events  or s i gn i f icant  t raff i c  inc idents .  The  use of  
CCTV cameras  wou ld  p rov ide rea l-t ime v i ew ing of  congest io n  
p roblems and support  temporary  re- t iming p lans .  

PROPOSED UPDATE 

An overa l l  development  p l an  w ith  the object ives  of  standard i zin g  
on one contro l l er type ,  one  software  system , one  cabi net  type ,  
and centra l i zed s i gna l  contro l  was  created .  The departmen t  
recogn i zed the need  to  p rov ide a  te lecommunicat i ons  
infrastructure to  support  the p l an ,  and  the construct i on  of  a  
p rivate f iber opt i c  communicat i ons  network was  cons idered .  
TEA21 fundi ng was  requested,  and granted .  However,  the  leve l  o f  
funding was  substant i a l ly  l ess  than needed .  The  u lt imate  
object ive of  adding a l l  s igna ls  to  the communi cat ion  network  
cou ld  not  be rea l i zed  i f  a  f i ber network was  used .  The  est imated  
cost  of  the  f iber opt i c  network was  $10 mi l l i on .  

The C i ty  looked for a l ternate communi cat ion  techno logi es  to  
support  thei r  p l an .  Thei r f i rs t  cons iderat ion  was  the use of  
leased te lecommuni cat ion serv i ces  from local  carri ers .  This  p lan  
was  rejected  because :  

•  The overa l l  cost  exceeded fund ing l eve ls  

•  Avai l ab le bandwidth was  insuff i c ient  to  hand le the ind iv i dua l  
(3  MB)  v ideo feeds  requ i red for the  system 

•  The c ity  d id  not  want  to  incur a  monthly  recurring expense 

The C ity  invest i gated w i re less  systems and d iscovered that  they  
cou ld  p rov ide tota l  coverage  at  a  substant ia l ly  reduced cost  over  
the f iber opt i c  and leased telecommuni cat i on  networks .  
Requ i rements  for the system inc luded:  

•  Broadband  capabi l i ty  to  support  v ideo 

•  Po int- to-mult ipo int  to  support  centra l i zed contro l  

•  Abi l i ty  to  add locat ions  w ith  min imal  system d i s rupt ion  
(sca leab le)  

•  Abi l i ty  to  add l ocat i ons  w ith  easy  to  conf i gure  
communicat i ons  hardware  

•  Communi cat i on  system re l iab i l i ty  
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•  Overa l l  i n i t i a l  s ystem costs  kept  w ithin  budgeted leve ls  

In  addit ion  to  the centra l i zed contro l  of  t raff i c  s ignals ,  the  
Irv ing Traff i c  Department wanted to  p rov ide:  

•  CCTV cameras  w ith pan-t i lt- zoom 

•  Changeab le message s i gns  

•  Dynamic l ane ass i gnment  

•  Video i nc ident  detect i on  

•  Addit i onal  advanced traffi c  management features  

•  Rea l-t ime traveler informat i on  

The c ity  has  made a  s ign if i cant  investment  i n  a  w i re less  
i nfrastructure  to  support  operat iona l  agenci es  and  serv i ces .  They  
current ly  use  5 .8 GHz microwave (Wi-F i  802 .11 a) ,  24/23 GHz  
microwave ,  and 18 GHz microwave .  A group  of  experi enced,  
l i censed rad io  techni c i ans  are  on  s taff  to  maintain  and  operat e  
the radi o  networks .  

Cons idering severa l  d ifferent  w i re less  network topo log ies ,  th e  
c i ty  sought  a  des i gn  that  wou ld  p rov ide the necessary  bandwidth ,  
secure t ransmiss i on  and hi gh avai l abi l i t y  (99 .999%) .  The typ i ca l  
po int-to-poi nt-to-poi nt  (mu lt i -drop )  des i gn  used for most  t raff i c  
s igna l  w i re less  communicat i on  systems d id  not  p rove  to  be  
adequate for a  system that  wou ld  u lt imate ly  be requ i red t o  
support  more than 70 CCTV cameras ,  and a lmost  200 s ignal i zed  
intersect i ons .  

The c ity ’ s  Communi cat ion  &  E lectron i cs  Department  i nvest igated a  
w i re less  system des igned to  prov ide broadband internet  access .  
They found a  p roduct  that  i s  comp l i ant  w ith the IEEE 802 .16 and  
802 .16a standard .  The 802 .16a  standard prov ides  for a  
s ign i f i cant  reduct i on  in  the potent i a l  for interference from other  
rad io  systems  on  the same or adjacent  channels .  The IEEE 802 .1 6  
was  deve loped as  the “Ai r Interface for F ixed Broadband  
Wire less  Systems .”  This  standard describes  w ide area  w ire less  
networks  (WAN) and is  des i gned to  p rov ide coverage i n  terms  of  
mi les .  Compare this  w ith the IEEE 802 .11  w i re less  standard  
seri es  developed for l oca l  area  w i re less  network ( LAN)  coverage ,  
w ith coverage d is tances  measured in  terms of  feet .  
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5.8 GHZ ATTRIBUTES 

•  Operates  i n  5 .8 GHz U-
NII/ISM frequency  
spectrum 

•  Scaleab le throughput  
from 20 Mbps to  60 
Mbps 

•  Base  stat ion  can  p rov ide 
up  to  360 degree  
coverage i n  60 degree  
segments  

•  Simpl i f i ed  insta l lat ion  
us ing  a  se lf-enc losed 
rad io/antenna modu le 
w ith Ethernet  10/100 
baseT connect ions .  

•  Comp l iance w ith IEEE 
standards :  802 .1d ;  
802 .1q ;  802 .16;  802 .16a .  

•  Addit i onal  f i e ld  un it s  
can  be ins ta l led  w ithout  
d is rupt ing current  
operat i ons .  
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3

1

4
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2

4 Wireless Channels used to 
create 360 degree coverage

Figure  7 -4 :  Diagram -  Wi re less  Channe l  Al ignment  

for  360  Degree  Coverage  
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THEORY OF OPERATION 

The FCC has  des ignated four operat i onal  communi cat ion  channels  
w ith in  the 5725 to  5825 MHz frequency  range .  Each  channe l  
occup i es  25% of the avai lab le spectrum . Each of  the four  
channels  can  be used to  cover a  60 degree arc .  Re-us ing two o f  

the four channels  permits  a  s ix  channel  array  for coverage of  a  
360 degree c i rc le .  Fo l low i ng  are  examp les  of  how the  fou r  
w i re less  channe ls  can  be re-used to  p rov ide tota l  coverage  
w ithout  over- lap .  

Each of  the i nd iv idual  coverage hexagons  has  an  array  of  s ix  base  
stat i ons  at  the center and referred to  as  a  “Hub Si te” .  The bas e  
stat i ons  are  networked to  p rov ide  for a  360 degree  coverage  
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coverage with no over-
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Figure  7 -5 :  Diagram -  Channe l  Re-use  Plan  for  Wide  Area  Co verage 
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area .  F i e ld  un i ts ,  a l so  ca l l ed  “Subscriber Units” ,  have a  h i gh ly  
d i rect iona l  antenna po i nted  toward the  sector base  stat ion  
p rov id ing the best  l i ne-of-s i ght  coverage .  It  i s  a lso  poss ib le to  
create communicat i on  path redundancy  for a  subscriber s i te .  

THE IRVING PROPOSAL 

The in i t i a l  p l an  ca l l s  for  
the development  in  two  
phases  of  s i x  (6)  coverage  
zones  each .  The f i rs t  phase  
w i l l  use a  s ing le  base s i te  
w ith s ix  coverage zones .  
The second phase w i l l  use  
two base s tat ion  s i tes  w i th  
three coverage zones  each .  
Future system upgrades  w i l l  
permit  addit iona l  zones  to  
be added as  requ i red .  

Some of the coverage zones  
may  overlap ,  but  the  
subscriber un its  are  set  to  
a  specif i c  rad io  channe l  to  
p revent  interference from 
other base stat i ons .  Also ,  
the subscriber un it  
antennas  are h i gh ly  
d i rect iona l  and a imed at  a  s i ng le base stat i on .  
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Possible coverage scenario using 
4 radio channels to cover 12 
communication zones.
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Figure  7 -6 :  Diagram -  Proposed Channe l  Re-use  Plan 
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Not i ce that  a  s ingle cab le runs  from the antenna/rad i o system t o  
the cabinet .  Ins ide  the cab inet  i s  a  communi cat ion  modu le that  
p rov ides  power and  Ethernet  to  the rad io  un it  at  the top  of  th e  
po le .  The VIP s i gnal ,  and  PTZ s i gnal ,  f rom the camera are  
connected v i a  the communicat ion  modu le to  the  CAT 5 pai rs  in  th e  

P o w e r  &  C a t  5  w ir e  
i n  s a m e  c a b le

T o  S e c t o r  B a s e  S t a t io n

Figure  7 -7 :  Drawing  -  Typ ica l  CC TV Si te  
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cab le .  The CCTV camera has  a  bu i lt- i n 12 CODEC-VIP modu le that  
converts  the v ideo to  IP .  

Fo l l ow ing  (F i gure  7-8)  i s  a  s i te schemati c d iagram:  

 

 

Ind iv idua l  s i te  antennas  are ori ented toward  a  speci f ic  bas e  
stat i on  un it .  The h ighly  d i rect i onal  system prevents  overlap  and  
a l lows  for opt imizat i on  of  communicat i ons  t raff i c  through any  
s ing le system . Irv ing TTD has  ass i gned each s igna l  dev i ce a  
communicat i on  zone  w ith i n  the coverage  grid .  They have a ls o  
p roposed locat ions  for CCTV cameras  and other equ ipment .  The  
fo l l ow ing map  shows the over lay  of the coverage zones  and where  
each dev i ce and s i gnal  contro l l er i s  located:  

                                                 
12 See chapter 5 section on video over IP. 
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Figure  7 -8 :  Typ ica l  CC TV Si te  Schemat ic 
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The overa l l  object ive of  the Irv ing Traff i c  &  Transportat ion  

department  i s  to  update the  current  system , standard i ze on  the  
types  of  dev ices  being dep loyed ,  and prov ide for  greater  
eff ic i enci es  in  the overa l l  management of  thei r  system . The us e  
of  a  techno logy  in i t ia l ly  developed to  p rov ide broadband  internet  
serv i ce i s  a  reasonab le choi ce g iven the tota l  cost  of  

Figure  7 -9 :  Map o f  Proposed I rving  Texas  S ystem 
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imp lementat i on  and operat ion .  F ixed broadband  w ire less  
communicat i ons  systems are  a lso  being app l i ed  for securi ty ,  water 
and wastewater management ,  and agri cu ltura l  operat ions  systems .  

TIE- IN TO MAIN COMMUNICATION NETWORK 

The C ity  has  a  mi crowave communi cat ion  backbone that  connects  
a l l  major systems .  The  backbone  system is  a  po int- to-poi nt  
microwave communi cat ion  l i nk .  F ive s i tes  are  set  up  in  a  loop  
confi gurat ion to  a l low  for a  se lf-hea l ing r ing and  redundant  paths  
to  a l l  s i tes .  The paths  are  rated at  100  Mbps to  carry  maximum 
bandwidth  in  e i ther d i rect ion  of  the  l oop  and operate in  the 18  to  

23GHz l i censed mi crowave range .  100 Mbps i s  current ly  t he  
maximum avai l ab le ,  but  severa l  manufacturers  are  i n  the  p rocess  
of  test ing w ith 240 Mbps systems .  The schemat i c shows  how the  
Traff i c  system t i es  i nto  the microwave communi cat i ons  backbone .  

The broadband base s tat ions  are  connected to  a  mi crowave rad i o  
backbone  for t ransmiss i on  to  the Traff i c  Operat ions  Center .  
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Figure  7 -10 :  Schemat ic  -  M icrowave  Backbone Conf igura t ion 
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Conclusion 

This  chapter has  p rov ided two very  d ifferent  so lu t ions  for a  
s imi l ar p rob lem –  updat i ng an  exist i ng system w ith  th e  
incorporat ion  of  l egacy  dev i ces  and  newer techno logy .  Both  user  
agenci es  evaluated thei r needs  and opt ions .  Utah has  an  exis t in g  
f iber opt i c  communi cat i ons  network that  i t  wanted  to  update .  
Irv ing ,  Texas  has  an  exist i ng t raff i c  s i gnal  system that  needed  
modern i zat i on .  The same genera l  requ i rement  resu lted in  two very  
d ifferent  approaches  to  the  use of  communi cat ion  systems .  Th e  
examp les  used  po int  to  the fact  that  there  are many d i fferent  
te lecommuni cat ion  system des i gns  that  can  be used to  so l ve  
s imi l ar p rob lems .  Each des i gn  (so lut i on)  i s  un ique to  the needs  of  
the end users .  The lesson learned is  to  cons ider a l l  poss ib i l i t i es  
and select  the one  that  meets  your  needs .

D
C

E
B

A

B i- D ir e c t io n a l  
C o m m u n ic a t io n  F lo w
1 8 - 2 4  G H z  L ic e n s e d  
M ic r o w a v e  S y s t e m

Figure  7 -11 :  Diagram -  M icrowave  Backbone  
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8. CHAPTER EIGHT – CONSTRUCTION 

Introduction 

Chapter Two presented the term medi a to  describe the phys i ca l  
layer of  a  communi cat i on  system that  i s  used to  convey  
informat i on  between two or more po i nts .  This  chapter p resents  
gu idel i nes  that  shou ld  be used in  the hand l ing of  the medi a durin g  
construct i on .  The i tems described  
in  th is  chapter are  typ i ca l ly  the  
respons ib i l i ty  of  a  genera l  
contractor,  however,  i t  i s  important  
for p roject  managers  and  
consu ltants  to  have a  good  
know ledge  of  the  construct i on  
process .  Genera l  des i gn  and  
construct i on  p ract i ces  are  the  same 
as  those associated w ith a lmost  any  
c iv i l  works  p roject .  Condu it  and  
d i rect-bury  cable  p rojects  need to  
be des i gned us ing cable and condu it  
manufacturer recommendat ions  for bendi ng rad i i ,  and  cover dept h  
specif i cat ions .  Towers  and po les  support i ng rad io  antennas  need  
to  be des i gned  us ing  manufacturer recommended  mount ing  and  
support  gu ide l ines .  

Many of  the p resented gu ide l ines  have been developed  by  
manufacturers  want i ng to  make certain  that  customers  are  

sat isf i ed w ith  thei r p roducts .  Other  
gu idel i nes  have  been  deve loped based 
on  observat ion  of  common mistakes  
made by  construct i on  contractors .  
The most  important  recommendat ion  
that  can  be made i s  to  carefu l ly  
monitor the construct i on  p rocess .  
Don ’t  l et  contractors  take  
“shortcuts ” .  Make the manufacturer  
construct i on  and medi a  hand l i ng  
gu idel i nes  part  of  the  project  
specif i cat ions .  There may  be good  
reason to  not  fo l l ow  the  

recommendat ions  (or the specif i cat ion) ,  and  the contractors  
shou ld  be requ i red to  exp la i n  the need to  dev i ate .  Most  requests  

Figure  8 -1 :  F iber  Cable  Route 

Construct ion  –  Photograph Courtesy  

Adesta ,  LLC 

Figure  8 -2 :  F iber  Cable Route  

Const ruct ion  –  Photograph Courtes y  

Adesta ,  LLC 
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for this  type of  act ion  w i l l  be i n  the form of a  “path”  re-
a l i gnment .  Treat  the request  as  you  wou ld  for any  other highway  
construct i on  pro ject .  

The phys i ca l  des i gn  of  the medi a path shou ld  conform to  nat i ona l  
and  l oca l  construct i on  des i gn  codes .  Most  muni c ipa l i t i es  i ssue  
construct i on  permi ts .  Many have specif i c  codes re lat i ng  to  the  
locat ions  of  condu it  or rad i o  towers .  

For very  large  p rojects ,  h i re  an  independent  construct i on  
management  f i rm  to  observe the test ing and construct i on  
process .  Train  in-house personne l  to  observe sma l ler p ro jects .  
Requ i re  construct ion  contractors  to  fo l l ow  manufacturer  
recommendat ions  for ins ta l l at ion  of  thei r  p roducts .  

Much of  thi s  chapter i s  devoted to  the care  and  insta l l at ion  of  
f iber opt i c  cab le .  Copper ( tw isted pai r ,  coaxi a l ,  and  antenna  
cab le)  t ransmiss ion  medi a  cab le requ i re  s imi l ar care  and  test in g  
during i nsta l l at ion .  

Handling and Installation of Fiber Optic (and Copper) Communications 
Cable 

Most ITS,  Traff ic ,  FMS systems use f iber opt i c ,  or copper cab l e  
as  the p rimary  communi cat i ons  t ransport  medium . Use  of  th e  
recommended procedures  during i nsta l l at ion  can  save a  
substant ia l  amount  of  money .  Most  media p rob lems occur becaus e  
of  a  lack of  care  during  insta l lat ion .  This  sect i on  p rov ides  
gu idel i nes  for the ins ta l l at i on  of  “outs ide p lant ”  communicat i on  
cab le .  Each cab le manufacturer w i l l  p rov ide speci f ic  i nformat ion  
re lated to  the product  they  prov ide about  care and hand l i ng  
during i nsta l l at ion .  

Fo l l ow ing  i s  a  l i s t  of  recommendat i ons  for the hand l ing and  
insta l lat ion  of  f iber opt ic  communi cat i ons  cab le .  These sam e 
genera l  p rocedures  can a lso  be fo l lowed when  insta l l i ng  coaxi a l  o r  
tw isted pai r cab le .  The genera l  p rocedures  and requ i rement s  
app ly  for a l l  f i ber opt i c  communi cat ions  cab le whether  i nsta l led  
aeri a l ly  on  communi cat ions  ut i l i t y  po les ,  or in  underground  
condu it ,  or s tructure attached condu i t ,  or i nner-duct  p laced i n  
condu it ,  or d i rect  buria l .  

•  Receiv ing and  inspect ing the cab le 

•  Un load i ng ,  mov i ng and stori ng the cable 

•  Test ing cab le on  ree ls  
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•  Documentat i on  and record ma intenance 

•  Cab le Instal l at ion  

RECEIVING AND INSPECTING FIBER OPTIC CABLE 

Let  your cab le manufacturer or d i str ibutor customer  serv ice  
representat ive know of any  speci a l  p ackaging or de l i very  
requ i rements  (no shipp ing dock avai lab le ,  ca l l  before de l i very ,  
etc .) .  Put  this  informat i on  in  the speci f icat i ons  so  that  
contractors  w i l l  be aware  of  these  requ i rements .  Make  certai n  
that  personne l  w ith  test  equ ipment  are avai lab le .  It  is  important  
to  test  damaged ( or suspect)  cab le  ree ls  before  accept ing  
de l i very  -  request  24 hours  not i ce .  

When the shipment  arrives ,  make sure the cab le types  and  
quant it i es  match the b i l l  of  lad i ng .  Inspect  every  reel  and pa l l et  
of materi a l  for damage  as  i t  i s  un loaded .  Suspect  cab le shou ld  be  
set  as ide for a  more  deta i led  inspect ion  before  the shipp in g  
documents  are  s i gned .  The de l i very  persons  may be on  a  t i ght  
schedu le ,  but  they  aren ’ t  pay ing for the cable !  

Not i fy  the genera l  contractor and the manufacturer/d is tributo r  
that  there  are damaged cable ree ls  before  s i gn ing for the cab le .  
Fo l l ow-up the te lephone ca l l  w ith  a  written  not i ce v ia  e-mai l  o r  
fax .  

•  Receipt  of  the cab le does  not  imp ly  acceptance !  

•  You may be p ressured (by  the d istr ibutor)  to  accept  the  
cab le by  bei ng to ld  that  you  w i l l  have to  wait  18 months  fo r  
new cab le .  

•  Remind the person app ly ing the pressure  that  they  won ’ t  get  
pa id  unt i l  the order is  comp lete .  

•  Accept  a  30 day  de lay  in  return for hav ing a  fu l ly  funct i ona l  
system . The de lay  w i l l  cost  less  than rep laci ng damaged  
cab le .  

Some addit i onal  po ints  to  cons ider:  

•  Ree ls  of  opt i ca l  f iber cables  are shipped on  thei r  ro l l i ng  
edges  not  s tacked  f lat  on  thei r  s ides .  Make  sure  you  note  
the ori entat i on  and  condi t ion  of  the ree l  i n  your in spect i on .  

•  If any  cable damage is  v is ib le or suspected and if  i t  i s  
decided to  accept  the shipment ,  note the damage and  the  
ree l  number on ALL cop i es  of  the b i l l  of  l ad ing .  
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•  If the damage i s  too extens ive  to  accept  the shipment ,  
adv ise the carri er's  dri ver that  the shipment  i s  bein g  
refused because of  the damage .  Immedi ate ly  not ify  the  
cab le manufacturer/d is tr ibutor,  Customer Serv ice  
Department  so  that  arrangements  can  be  made for  a  
rep lacement shipment .  

•  Cab le performance test  resu lts  taken at  po int  of  
manufacture  and ree l  l oad i ng are  p rov ided  w ith  each  reel .  
Compare  them to your own tests  us ing  the  methods  out l i ned  
in  the cab le  test ing sect i on .  

UNLOADING, MOVING AND STORING CABLE 

When un load i ng  the  cable  reel s  from the de l i very  t ruck ,  
exerci s ing care  i s  important .  The ree ls  may look l i ke two whee ls  
on  an  ax le ,  but  they  shou ld  never be ro l l ed  off the back-end of  
the t ruck .  The reel s  are heavy  and may contai n  from 5 ,000 to  
15,000 meters  of  cab le .  Fo l low ing are  gu idel i nes  for un load ing ,  
mov ing and stori ng of communicat i on  cable ree l s :  

•  Opti ca l  f i ber cable ree ls  are typ i ca l ly  very  heavy  and ,  
therefore ,  they  must  be loaded and un loaded us ing a  crane ,  
specia l  l i ft  t ruck or fork l if t .  

•  Fork l ifts  must  p ick the ree l  up  w ith  the f l at  s ide of  the ree l  
facing the fork l ift  operator .  

•  Extend the forks  under the ent i re ree l .  

•  Keep  a l l  ree ls  upright  on  thei r  ro l l i ng edges  and never lay  
them f lat  or stack them .  Opt i ca l  f iber cab le ree ls  are  
a lways  s tored on  the ro l l i ng edge 

•  Al l  reel s  are marked w ith an  arrow ind icat i ng the d i rect ion  
in  whi ch the ree l  must  be  ro l l ed .  Ro l l  on ly  in  the  ind i cated  
d i rect ion .  

•  DO NOT drop ree ls off the back of the truck onto a 
stack of t ires, onto the ground or any other surface. The 
impact  may i njure  personnel  and w i l l  damage the  cab le .  

•  The ree l  i s  l abe led w ith handl ing  d i rect i ons .  Consu lt  thes e  
d i rect ions  if  you  have any  doubt  about  hand l i ng the ree l .  

•  To prevent  ree l  deteri orat ion  during l ong term storage ,  
store  opt i ca l  f i ber cab le i n  a  manner that  p rotects  the  ree l  
from the weather.  
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TESTING THE CABLES 

•  Manufacturers  test  the cab le for cont i nu ity  at  the factory  
once  i t  has  been loaded onto the ree l .  This  i s  your assurance  
that  there  are  no  breaks  i n  any  of  the  f iber (or copper)  
strands  that  make  up  the cab le .  The resu lts  are  pub l ished  
and added  to  tags  on  the cab le ree l  and  to  the  paperwork  
that  accompani es  each cab le  reel .  Do not  accept  any  cabl e  
ree ls  that  l ack the test i ng  documentat i on .  There  are  f ive  
phases  associ ated w ith test i ng of  f iber opt i c  cable start ing  
at  the po i nt  of  manufacture :  

1 .  Factory  cable ree l  test ing and documentat ion ,  

2 .  Visual  i nspect ion  at  the del i very  s i te for shipp in g  
damage ,  and  poss ib le ree l  test ,  

3 .  Pre- insta l l at i on  test i ng ,  whi ch occurs  when the cab le i s  
de l i vered to  the job s i te ,  and before  i t  i s  ins ta l l ed ,  

4 .  Insta l l at i on  test i ng ,  whi ch  occurs  after the cab le i s  
pu l l ed  through the condu i t  (or  mounted on  po les)  and at  
every  sp l ice po int ,  

5 .  Fina l  acceptance test ing ,  which occurs  just  p ri or to  
act ivat ion .  

Why is  test ing so  important ,  and  why so many  tests? Each tes t  
phase occurs  at  a  respons ibi l i ty  hand-off .  

•  Factory  to  shipp i ng company  

•  Shipp ing company to  genera l  contractor (or DOT)  

•  Genera l  Contractor to  in sta l l at i on  (path construct i on )  
company 

•  Insta l l at i on  Company to  sp l i c ing contractor 

•  Spl i c ing Contractor to  end-user 

Each ent i ty  w i l l  c l a im that  the cab le was  in  good cond i t ion  when i t  
made de l i very  of  the p roduct  or serv ice .  Test i ng at  each  stage  
assures  that  l i ab i l i ty  for  damage can  be p laced w ith th e  
appropri ate company .  A s i gn i f icant  port i on  of the cost  of  
construct ing the f iber opt ic  cab le system is  in  the f i na l  
insta l lat ion  ( cab le pu l l ,  sp l i c ing and qua l i ty  test i ng )  of  the cab le .  
Imagine hav i ng  to  rep lace  15 ,000 feet  of  cable because of  damage  
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sustai ned during the pu l l i ng .  Knowing that  the i nsta l l at i on  
contractor i s  respons ib le  w i l l  s ave a  l ot  of  t ime and f inger  
po int ing .  

Fo l l owing  i s  a  l i s t  of  test i ng gu idel i nes :  

•  Test ing ree ls  of  opt ica l  f i ber cab les  at  de l i very  i s  not  
requ i red (most  manufacturers  suggest  that  this  be done  to  
ensure that  damage d id  not  occur during shipp ing) ,  however,  
test ing pri o r to ,  and  after construct i on  i s  essent i a l  to  
ident ify  any  cable performance degradat ion  caused dur ing  
insta l lat ion .  Test ing p rior to  insta l l at ion  p rov ides  a  basel ine  
of  performance .  

•  Pre- insta l l at i on  Test ing -  Th is  typ ica l ly  cons ists  of  an  OTDR 
(Opt i ca l  Time Domain  Ref lectometer)  test  performed  at  
1550 nm .  Al l  opt i ca l  f iber cab les  must  be  bi -d i rect iona l ly  
OTDR-tested prior to  shipment  and the test  report  attached  
to  the ree l .  B i -d i rect iona l  test ing is  important  to  ver ify  
resu lts  and  to  make certain  that  no potent i a l  p roblems were  
missed .  Remember,  the data  can f low i n  two d i rect ions  on  
the f iber strand .  Test  to  make certain  that  i t  w i l l .  

•  A pre- insta l lat ion  test  w i l l  verify  the characteris t i cs  of  the  
cab le and check for any  shipp ing damage .  The tests  must  be  
jo int ly  conducted by  the system operator and  the  
construct i on  contractor i n  order to  p rec lude  future  

d iff i cu lt i es  shou ld  a  
cab le be damaged 
during construct i on .  

•  Insta l l at i on  Test i ng  -  
Cab le shou ld  be 
tested  once it  has  
been  p laced i n  the 
condu it ,  o r on  the 
po les ,  and  p ri or to  
sp l i c ing to  make  sure  
that  there  has  been 
no i nsta l l at ion  
damage .  Insta l l at ion  
test ing i s  usual ly  done 
w ith an  OTDR. 

•  Spl i ce test ing i s  done after each sp l i ce to  ensure  that  a  
c lean ,  low- loss  connect i on was  made .  OTDR,  l oca l  i nject ion  

Figure  8 -3 :  Fus ion  Spl ic ing  F iber  St rands  -

Photograph Courtes y Adesta ,  LLC 
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detect i on  and prof i le  a l i gnment  can  be used a lone or in  
combinat i on  for sp l i ce test ing .  

•  Post  Instal l at ion  -  F ina l  Acceptance Test ing -  The usua l  post  
insta l lat ion  test ing method i s  to  perform end-to-end OTDR 
test ing from both d i rect ions .  The resu lts  shou ld  be  
compared to  the p re- insta l l at i on  test .  It  i s  h i gh ly  
recommended that  an  ongoing  test i ng p rogram be estab l i shed  
after the system is  powered up .  

•  It  is  important  that  techn i c ians  test ing the f iber use the  
same brand and  model  of  test  equ ipment  and  the  same 
test ing p rof i l e .  Use of  d ifferent  test  equ ipment  and  prof i les  
w i l l  resu lt  in  confus ion  and  incons istent  test  resu lts .  

•  Make certain  that  someone on  your s taff ( or the  
communicat i on  engineeri ng consu ltant)  i s  ab le to  understand  
the test  resu l ts  to  veri fy  that  a l l  specif i cat ions  have been  
met .  

DOCUMENTATION AND RECORD MAINTENANCE 

“The best  defense  i s  a  good  offense” ,  i s  a  phrase that  shou ld  be  
app l i ed  to  the  construct ion  of  a  communi cat ion  cab le  system .  
Opt i ca l  f i ber i nsta l l at ion  invo lves  mul t ip le  f i bers  in  a  cable that  
may be very  l ong and have many sp l i ces  and connect i ons .  If  cabl e  
i s  damaged duri ng insta l l at i on  and not  detected by  on-goi ng f i e ld  
test ing,  the rep lacement costs  can  be extremely  high .  It  i s  
recommended that  the fo l low ing records  be maintained and kept  
current  on  a  dai ly  bas is :  

•  schemat ic drawings  –  to  inc lude “as-bu i lt ”  i nformat ion  for  
street  maps  records  

•  sp l i ce l oss  data 

•  end-to-end  opt i ca l  l oss  measurements  

•  end-to-end  OTDR s ignature  t races  

•  end-to-end  power meter tests  

The documentat i on  i s  needed  to p rov ide his tori ca l  references  fo r  
maintenance and ,  emergency  restorat i on .  By  maintain ing this  data ,  
the system operator i s  assured of  a  p rompt repai r  response by  
the qu i ck ident i f icat i on  of  the locat i on  of  any  p rob lem that  may  
occur w ithin  a  cab le .  Data co l l ect ion  starts  w ith the del i very  of  
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the f iber cable ,  cont inues  through construct i on  and for  the l i f e  
of  the system as  new dev i ces  are added .  

Fo l l ow ing i s  a  l i st  of  data  that  shou ld  be co l l ected for th e  
permanent  record:  

•  Calcu lated data obtained from cable ree l  data sheets  and  
sp l i c ing l ogs .  

•  Measured data ,  such as  OTDR data ,  i s  obtained from end-to-
end cab le test i ng .  

•  Tota l  amount  of  cab le pu l l ed  between sp l ice po ints  –  
inc lud ing s l ack  co i l  l oops  

•  Placement and use  of pul l  boxes  and  cable  spl ice  boxes  

•  Accurate street maps showing the locat ion of f iber cable  
and a l l  accessory items 

•  Accurate  location  informat ion of  any repairs 

•  Maps that show where other uti l i t ies cross the f iber  
cable ,  or  are in  c lose (paral le l )  proximity  to  the cable  

•  A record of a l l  communication dev ices  connected to the  
f iber  cable 

•  Where conduit  (or the cab le trench) is  shared –  l i st the  
other users 

•  Any other  informat ion that might be  needed  to  support  
changes  or  emergency repairs .  

General Cable, Installation and Design Guidelines 

The fo l l ow ing gu idel ines  are  p resented to  ass is t  in  the  genera l  
des i gn ,  construct ion  and i nsta l l at ion  of  f iber opt i c  cab le  systems .  
Many of  these gu ide l ines  can  a lso  be used for other types  of  
communicat i on  cab le .  

CABLE PULL-BOX/SPLICE-BOX PLACEMENT 

•  Every  s treet  (up  to  50 feet  w ide)  cross i ng –  one (1 )  box  
located w ithin  10 l i near feet  of the cross ing ,  un less  a  
t raff ic  dev i ce (s i gna l ,  DMS, v ideo detector,  etc . )  i s  l ocated  
near (w ith i n  50 l i near feet)  of  the cross ing .  

•  Every  freeway ,  ra i l road ,  or bridge cross ing –  two (2)  boxes  
located (one each)  at  the termina l  po ints  of  the cross ing .  
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•  Al l  mid-span sp l i ces  must  be p l aced in  a  sp l i ce box and  
secured in  an  appropri ate cable t ray .  

•  Al l  sp l i ce boxes used for aer ia l  cab le ins ta l l at i ons  shou ld  be  
mounted on  a  conven i ent  u t i l i ty  po le .  If  no  space exists  on  
the po le ,  then a  su itable in -ground sp l i ce/pu l l  box must  be  
insta l led  near the ut i l i ty  po le .  Al l  cab le l eav i ng the aeria l  
i nsta l lat ion  must  be ins ta l led  in  condu i t .  

•  Al l  sp l i ce po i nts  must  contain  suff i c ient  s l ack (50  foot  
min imum)  to  a l l ow  for future addit i on  of  communi cat ion  
dev i ces ,  cab le  and  sp l i ce repai rs ,  or addi t iona l  runs  of  
“drop ”  cable .  This  wou ld  be  especia l l y  t rue if  the cab le i s  
located w ithin  a  f reeway r i ght-of-way .  

•  Al l  sp l i ce boxes  must  be  p roperly  grounded accord ing  to  
NEC . EIA/TIA and  
Be l lcor (Telcord ia)  
standards .  

•  Aeri a l  mounted sp l i ce  
boxes  shou ld  on ly  be  
used for temporary  
repai rs  –  i n  fact ,  many  
carri ers  use them for 
permanent  repai rs .  

•  Mid-span cab le meets  
(po ints  where  ends  of  
cab le  ree ls  meet)  must  
be fus ion-sp l iced and  
enc losed i n  a  sp l i ce  
box .  Never use  a  
mechanica l  sp l i ce to  
connect  cab le reel  
ends .  

CABLE INSTALLATION AND PULLING GUIDELINES 

Pulling Tension: 

•  Each manufacturer has  specif i c  i nstruct i ons  and  
specif i cat ions  for the amount  of  tens ion  that  may  be used  
when pu l l i ng a  f i ber opt i c  cable .  The contractor i s  requ i red  
to  fo l low  the cab le manufacturer ’ s  specif i cat ions  and  
recommended ins ta l lat ion  p ro cedures .  

Figure  8 -4 :  Aer ia l  F iber  Opt ic  Cab le  Sp l ice  

Box  -  Photograph Courtes y Adesta ,  LLC 
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•  Ke l lems or crimp-on grips  are used  to  pu l l  the opt i ca l  f i ber  
cab le .  Use the correct-s i zed  grip  for the cab le being pu l led .  

•  If Aramid ®  yarn  i s  part  of  the cab le s tructure;  t i e  i t  to  the  
grip  to  further d istr ibute the pu l l i ng force .  NEVER EXCEED 
the maximum pu l l ing tension.  

•  Excess ive pu l l i ng force w i l l  cause the cable to  permanent ly  
e longate .  E longat i on may cause the opt i ca l  f i ber to  fa i l  by  
fracturing .  

•  Good construct ion  techniques  and proper tens i on  monitoring  
equ ipment  are essent i a l .  

•  When insta l l i ng aeria l  cab le p lace enough cab le b locks  a long  
the route  to  keep  cab le  sag to  a  mi n imum .  Excess i ve  sagg ing  
w i l l  i ncrease pu l l i ng tens ion .  

•  When pu l l i ng ,  do not  let  the  cable r ide over the ree l  f l ange  
as  i t  may  scuff or tear the j acket .  

•  Tai l  l oad ing i s  the tens i on  i n  the cable caused by  the mass  
of  the cab le on  the ree l  and ree l  brakes .  Tai l  l oad i ng  can  be  
min imized by  us i ng l i tt le  to  no  brak ing during the pay-off  of  
the cable from the ree l  –  at  t imes ,  no  brak ing i s  p referred .  

•  Dynamometers  must  be used to  measure the dynamic tens ion  
in  the cab le .  

•  Break-away sw ive ls  shou ld  be used i n  conjunct ion  w ith  
dynamometers  to  ensure  that  the  maximum pu l l i ng tens i on  is  
not  exceeded .  

Cable Bending Radius Guidelines: 

•  Cab les  are  often routed  around corners  during cab le  
p lacement .  NEVER EXCEED the minimum bending rad ius.  
“Over”  bent  cab le may deform and damage the f iber i ns ide .  

•  Bending rad ius  for opt i ca l  f i ber cable i s  g iven  as  l oaded and  
un loaded .  

•  Loaded means  that  the cab le i s  under pu l l i ng tens i on  and i s  
bei ng bent  s imu ltaneous ly .  

•  Un loaded means  that  the cab le i s  under no tens ion  or up  to  a  
res idual  tens ion  of  around  25% of i ts  maximum pu l l i ng  
tens ion .  The un loaded bend ing rad ius  i s  a lso  the rad ius  
a l lowed for s torage purposes .  
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•  Do not  exceed min imum bend radi i  or the maximum pu l l i ng  
tens ion .  

•  Fol l ow  a l l  pu l l i ng tens ion  and min imum bending rad i i  
i nstruct ions  and  specif i cat ions  i ssued  by  the  cable  
manufacturer .  

•  In genera l ,  p l an  the cab le path to  e l iminate as  many curves  
and bends  as  poss ib le .  Curves  and bends  add to  the  
attenuat i on  of the f iber opt i c  s i gnal .  

Pulling Strategy Guidelines: 

•  Fiber opt i c  cab les  can  be ordered in  l engths  on  a  s i ng le  
cab le ree l  and  can be ins ta l l ed  in  one cont inuous  run .  
However,  even a  typ i ca l  i nsta l l at i on  of  3 -  5  mi les/5 -  8 .0  km  
offers  insta l lat ion  cha l lenges  because of  the accumulat i on  in  
pu l l i ng tens i on  a long such a  long route .  This  tens i on  can  be  
eased by  us ing in termediate  ass ist  dev ices  l i ke  a  seri es  of  
mechanica l  w inches  or capstan drives  connected to  a  master  
contro l l er .  However,  i f  these dev i ces  are  unavai l ab le ,  a  
midpoint  cab le pu l l  must  be used for i nsta l l i ng long lengths  
of opt i ca l  f i ber cab le .  

•  The cab le i s  i nsta l l ed  from a  midpoint  to  the endpoints .   

•  Make certai n  that  a l l  conduit s  are c lear of  obstruct ions .  Use  
a water based lubricant  to  reduce outer sheath corros i on .  

•  Exist ing condu it  may need repai rs  –  i nspect  carefu l ly .  

•  When insta l l i ng aeri a l  cab le ,  make  certai n  that  the path  i s  
c lear of  t ree  l imbs .  

General Cable Construction Guidelines 

Cab le i s  genera l ly  ins ta l led  us ing one of  three  methods :  aeri a l ,  
d i rect  buria l ,  o r  i n  
condu it .  Thi s  sect ion  
prov ides  some genera l  
gu idel i nes  for us ing these  
construct i on  methods .  The  
methods are l i sted i n  
o rder of  cost  to  construct .  Aeri a l  i s  genera l ly  cons idered lowest  
cost  w ith  condu it  p l acement  bei ng the hi ghest  cost .  

FHWA has produced the “Design Guide for Fiber 
Optic Installation on Freeway Right-of-Way”, 
publication # FHWA-OP-02-069. Consult this 
document for additional information and guidance.
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AERIAL CONSTRUCTION 

Aeri a l  cab le i s  typ i ca l l y  strung from po le-to-po le ,  or from 
bu i ld i ng-to-po le .  Two types  of  cab le are  avai l ab le:  self-support in g  
or l ashed .  The se lf-support ing cable i s  des igned w ith e ither a  
heavy  duty  centra l  st rength member,  or i n  a  f i gure ei ght  
conf i gurat ion  that  has  an  externa l  st rength member that  can  b e  
c l amped .  Lashed cab le i s  s imi l ar to  cable that  can  be d i rect  
buri ed  and requ i res  a  “messenger support  w i re”  to  wh ich the  
cab le i s  aff ixed .  

When us ing aeria l  cab le ,  the  engi neer must  p rov ide suff i c i ent  
support ing u t i l i ty  po les  i n  the  route to  min imize the effect  o f  
cab le  sag .  This  i s  caused by  externa l  forces  such  as  w ind ,  i ce and  
extreme temperature changes  added to the wei ght  of  the cab le .  
Manufacturers  p rov ide speci f icat i ons  to  ass ist  w ith cab le  rout e  
des i gn  and p lann ing .  

Here are  some genera l  gu ide l ines :  

•  Use of t i ght  buffered cab le  i s  not  recommended for aeria l  
i nsta l lat ion  

•  Use a cable w i th a UV protected sheath to  min imize effects  
from sun l ight  

•  Use a meta l l i c  armored cable to  mi n imize damage from 
squ i rre l s  and b i rds .  

•  Always fo l l ow  the manufacturer recommendat i ons  for self-
support ing cab le in sta l lat ions .  Consu l t  the manufacturer fo r  
addit i onal  i nformat ion  when vary ing from recommendat i ons .  

•  Al low for s torage of  suff i c ient  s lack loops  to  account  for  
p roblems associated w ith cab le breaks  and po le damage from 
severe  weather and vehi cu lar  accidents .  

Table 8-1  i s  excerpted from a Corn i ng Cable p roduct  brochure fo r  
se lf  support ing f iber opt i c  cab le .  P lease consu lt  the cab le  
manufacturer ’ s  documentat ion  for recommendat i ons  about  
insta l lat ion  under severe weather l oad ing cond i t ions  such as  h i gh  
w ind  or severe i ce and snow accumu lat ion  areas .  
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Table  8 -1 :  Example  o f  Manufacturer  Recommended Span Lengths  for  Are ia l  Cab le  Seg ments  

Maximum Span Lengths 

Maximum Span Lengths  for NESC Loading Cond it ions 

F iber Count Heavy Medium Light 

 m ft m ft m ft 

2 –  36 504 1655 733 2405 844 2770 

37 –  72 427 1400 622 2040 721  2365 

73 –  96 496 1540 671  2200 751  2465 

97 –  144 500 1640 553 1815 553 1815 

145 –  216 335 1100 450 1475 494 1620 

Not i ce that  as  the  number of  f iber strands  contained  in  the  cabl e  
i ncrease ,  the  d istance between  ut i l i ty  po les  decreases .  The  same 
is  t rue for load ing factors .  

Construct i on  of  aeri a l  cab le  i nvo lv i ng  the  use  of  exis t ing u t i l i t y  
po les ,  requ i res  access  perm its  from the owner of  the po le .  I n  
most  cases ,  the owner i s  the loca l  e lectrica l  power u t i l i ty ,  but  
some po les  are  owned  by  te lephone companies .  Ut i l i t y  po les  are  
marked w ith ident i f i cat ion  tags .  
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The e lectri ca l  power l i nes  are  a lways  p laced at  the top  of  th e  
po le .  Telephone  
carri ers  are p l aced  
at  the next  l ower  
leve l  w ith about  10  
feet  of vert i ca l  
separat i on  from the  
e lectri ca l  l i nes .  
Other users  are  
located above  the  
te lephone l i nes ,  but   
w ith at  l east  10 feet  
of vert i ca l  
separat i on  from the  
electri ca l  ut i l i ty .  
The lowest  set  of  
l i nes  must  be p l aced  
at  least  15 feet  
above grade .  If  
there is  not  enough  
room to accommodate  
a l l  v a l i d  users ,  i t  i s  
necessary  to  ra ise  
the height  of  the  
po le .  The l ast  u ser i s  
respons ib le for  
pay ing the cost  of  
insta l l i ng the  
extens ion  (or ta l ler  
po le)  and mov i ng a l l  users  to  thei r appropri ate pos it i on .  Us i ng  
exis t ing ut i l i ty  po les  can  be very  expens ive .  

Figure  8 -5 :  Typ ica l  Te lephone Pole 
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DIRECT BURIAL CONSTRUCTION 

Cab le can  be buri ed  d i rect ly  in  so i l  us i ng  one  of  two  genera l  
construct i on methods:  open t rench construct i on ,  or cable  p low .  In  
both instances ,  a  cable rated for d i rect  buri a l  shou ld  be  used .  
These cables  are des i gned  w ith a  metal l i c  armor sheath t o  
p revent  damage from rodents  that  may t ry  to  chew through the  
cab le .  The d i rect  buria l  method i s  especia l l y  usefu l  i n  rural  and  
suburban locat i ons .  The non-paved port ion  of  a  rura l  road o r  
h ighway ri ght-of-way i s  a  good cand idate for thi s  construct i on  
method .  The  route  must  be  carefu l ly  p l anned taki ng care  to  avo id  
other buri ed  u t i l i t i es  (water ,  e lectri ca l ,  te lephone ,  gas ,  etc .)  an d  
meet i ng env i ronmental  requ i rements .  

Us i ng  the  open t rench construct i on  method ,  a  backhoe  i s  used t o  
d ig  a  36 inch deep  t rench .  The trench i s  backfi l l ed  w ith an  
appropri ate materi a l  to  p revent  cab le  bends due  to  sett lement .  
The trench i s  then f i l l ed  to  a  leve l  of  24 i nches .  A yel low  warn in g  
tape is  then l a id  in  the t rench before comp let ing the f i l l  process  
to  terra in  l evel .  The 36 inch depth i s  an  average .  The cab l e  
shou ld  a lways  be buri ed  be low the frost  l i ne .  The actua l  depth o f  
the cab le may vary  based on  road cross ings ,  or drai nage d itch  
(drainage l i nes)  cross i ngs .  The object  i s  to  keep  the cab le out  o f  
harm’ s  way .  

A second  d i rect  bury  construct i on  method uses  a  p low to  open the  
earth ,  l ay  the cable and then cover .  Thi s  i s  an  economica l  and  
eff ic i ent  construct i on  method .  However,  no  warn i ng  tape i s  
insta l led .  

Use of  these methods does  not  e l imi nate the need to  cons ider  
p lacement of  s lack  cable and  access  handholes .  There  w i l l  a lways  
be a  need to  add communi cat ion  dev i ces  and access  nodes  to  a  
system . 

D i rect  buri ed  cab le i s  a lways  ident if i ed  at  the road level  us in g  
orange marker po les .  The po les  have informat i on  ind i cat ing that  
communicat i on  cab le  i s  buri ed  be low together w ith  contact  
informat i on  in  case of  damage to  the cable .  Markers  shou ld  b e  
p lace about  every  1000 feet ,  p lus  on  e ither s ide of  a  road  
cross i ng,  dri ve way  cross ing and bridge cross ing .  

A vari ant  of  the d i rect  bury  cable construct i on  method i s  d i rect  
bury  of  f lex ib le condu i t .  If  p l ans  ca l l  for i nsta l l at ion  of  
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addit i onal  f iber cables  ( i n  the same route)  w ithin  a  few years ,  
the buria l  of  f lex ib le tube condu it  w ith the in i t ia l  cab le p rov ides  
s ign i f i cant  sav ings  over re-open ing a  t rench .  “Leve l  3 ”  ( a  
communicat i on  carri er)  used  th is  construct ion  method to  p rov ide  
addit i onal  resources  for the future .  When “Level  3 ”  needs  to  
insta l l  add it i onal  f iber cab le in  thei r  route,  the  f lex ib le tube  
conduit  can  be used  to  mi n imize  construct ion  costs .  Thi s  method  
a lso  reduces  t raff i c  congest i on  due to  construct i on .  

CONDUIT CONSTRUCTION 

P laci ng cab le i n  condu i t  i s  the most  expens ive so lut ion  f o r 
construct ing a  f iber opt i c  cab le  route .  Start ing from scratch  
requ i res  a  s ign if i cant  amount  of p l ann ing ,  especia l ly  i n  u rb an  
areas  where  most  condu it  i s  used .  Al l  u t i l i t i es  i n  (or near)  th e  
proposed construct ion  path must  be l ocated and marked .  The path  
may have to  be rea l i gned to  avo id  some of the ut i l i t i es ,  o r a  
proposal  developed to  temporari l y  interrupt  serv ice and th en  
repai r  the damaged ut i l i ty  l i nes .  Env i ronmenta l  i ssues  must  be  
addressed .  Where  construct ion  i s  p roposed for exist i ng  streets  
or roads ,  repai r  and restorat i on  costs  must  be cons idered .  
Mai ntenance and protect ion  of  vehi cu l ar and pedestri an  t raff ic  
must  be imp lemented .  

The condu it  structure  must  be des igned to  meet  bending rad ius  
requ i rements  of  the communicat i on  cab le .  The  ins ide  condu i t  
d iameter shou ld  be at  l east  25% larger than the outs ide d iameter  
of  the  cab le .  This  helps  to  p revent  cable drag when  pu l l i n g  
through the condu i t .  

Cab le in sta l led  in  condu it  shou ld  be  rated  for immers i on  in  water .  
Al l  i n- ground condui t  eventua l ly  contains  some water .  Cab le s  
des i gned for this  purpose are  constructed w ith a  sea lant  that  
prevents  water from penetrat i ng  the  f iber ( or copper)  
t ransmiss ion  medi a .  

If  the condu i t  i s  buri ed  at  a  depth of  greater than three  feet ,  i t  
may be necessary  to  d i g a  t rench that  i s  w ide enough to  a l low  
space  for construct ion  personne l .  Trenching at  a  depth  of  more  
than s i x  feet ,  w i l l  requ i re “shoring”  wal ls  ( see  l oca l  construct i on  
codes  for specif i c  requ i rements)  to  p revent  co l l apse and  i njury  to  
construct i on  personnel .  

Most  condu it  used for te lecommunicat i ons  cab le p rojects  i s  h i gh  
dens i ty  po lyethy lene (HDPE) .  The ASTM has  deve loped a  
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recommended standard ,  ASTM F2160 ,  "Standard Specif i cat ion  fo r  
So l id  Wal l  Hi gh Dens i ty  Po lyethy lene (HDPE)  Condu it  Based on  
Contro l led  Outs ide Di ameter  (OD)" .  This  standard was  developed  
to  assure  that  condu it  fro m d ifferent  manufacturers  cou ld  be  
used w ith assurance that  the ins ide and outs ide d iameters  of  
condu it  p ipe and the thi ckness  of  the condu it  wal l  wou ld  match .  

Some DOT’ s  may requ i re the use of  s tee l  condu it  for bridge  
cross i ngs  or other types  of  construct ion .  Us i ng appropri ate  
coup l ings ,  s tee l  and HDPE can be mixed .  HDPE is  l i ghter i n  wei ght  
and eas i er to  hand le than s teel ,  however,  under certain  load i n g  
c i rcumstances  i t  may not  be as  r i g id .  

Wireless Systems Construction 

Wire less  medi a  are used to  support  communi cat ion  l i nks  between  
dev i ces  and  the TCC . Thi s  i s  often  v iewed  as  a  l ow  cost  
a l ternat i ve  to  the i nsta l l at i on  of  
communicat i on  cab le .  Many  
departments  are  us ing spread  
spectrum rad io  i n  the 900  MHz 
and 2 .4 GHz range .   

This  sect i on  w i l l  focus  on  
mount ing of  rad io  antennas  and  
transmiss ion  l i ne for “ l i ne-of-
s ight”  (a lso ca l l ed  mi cro wave)  
rad io systems .  These are  the  
systems  common ly  used  for  
t raff ic  contro l  and freeway  
management .  

Spread Spectrum Radio ,  DSRC ,  

and the emergi ng 802 .16  
Wi-Max ,  or WLAN systems  
a l l  requ i re l i ne-of-s i ght  
des i gn .  The des i gn  and  
construct i on  of  towers  and  
po les  i s  completed w i thi n  
standard  c i v i l  engineeri ng  
p ract ices  and loca l  codes .  Thi s  a lso  ho lds  t rue  for bu i ld in g  
mounted antenna support i ng structures .   

“Line-of-sight” is a term used in radio system 

design to describe a condition in which radio 

device antennas can actually see each other. High 

frequency radios, such as those used in Spread 
Spectrum Radio require line-of-sight between 

antennas.

Figure  8 -6 :  Ins ta l la t ion  o f  Wi re less  S yste m -

Photograph Courtes y GDI  S ystems,  LLC 
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PLANNING FOR WIRELESS SYSTEMS 

System p lann ing is  cr it i ca l  to  the successfu l  ins ta l l at i on ,  
operat i on  and proper performance of  any  communi cat ion  system ,  
w i re less  systems are  no except ion ,  and  this  i s  especi a l l y  t rue fo r  
l i ne-of-s i ght  (mi crowave)  w i reless .  Un less  your  p roposed  
microwave l i nk  w i l l  be operat ing  over a  very  l ong  path ,  you  shou ld  
be able to  conf i rm whether  a  v i s i b le l i ne-of-s i ght  path exists  
between the two proposed antenna  s ites .  This  is  on ly  a  f i rst- step  
p rocess ,  and  i s  often accompl i shed by  us ing a  combinat ion  o f  
strobe l i ghts ,  mi rro rs  (whi ch ref lect  the sun) ,  b inocu lars  and  
spott i ng  scopes .  Being able to  see one s i te from the  other w i l l  
not  guarantee that  the v is ib le path i s  appropri ate  for a  
microwave s i gnal ,  but  at  l east  you  who know that  the poss ib i l i t y  
of  such a  path exis ts .  

In  many ins tances  there may be obstac les  to  overcome such as  
bu i ld i ngs ,  t rees ,  sma l l  h i l ls  and elevated roads ,  and i t  may not  b e  
poss ib le to  conf i rm  that  l i ne-of-s i ght  exists  w ithout  addit iona l  
a id .  Keep  i n  mi nd  that  even a  "perfect ly  c lear”  v i sua l  p ath  may  not  
actual ly  be so .  As  an  examp le ,  sma l l  branches  of  deciduous  t rees ,  
barren i n  the w inter,  may not  be v is i b le  unt i l  sp ri ng or summer  
when growth appears .  Even the ske leton of  a  new bu i ld ing  may not  
be v is i b le unt i l  the s ides  go up !  Estab l ish ing l i ne-of-s i ght  fo r  
t raff ic  s igna l  systems shou ld  be  easy  to  accomp l i sh because o f  
the short  d is tances  invo lved (a  few b locks) .  

When estab l i sh ing l i ne-of-s i ght ,  i t  i s  extremely  important  to  p l an  
for the future .  In  u rban areas ,  new bu i ld i ng  construct ion  may  
resu lt  in  tota l  p ath  obstruct ion .  In  areas  where  construct i on  i s  
not  ant ic ipated ,  the rap id  growth of  t rees  or fo l i age may severe ly  
affect the path over t ime .  Whi le  a  number of software  products  
are avai l ab le for ass is t i ng w ith path work ,  combin ing a  
topographi ca l  mapp ing of  the  path w ith a  subsequent  path  walk o r  
drive is  often  an  exce l lent  way to  start  the l i ne-of-s i ght  
conf i rmat i on  p rocess .  

Assuming an  appropri ate l i ne-of-s i ght  path from rad i o  s ite to  
rad io  s i te can  be estab l i shed ,  both the feas ib i l i ty  and v iabi l i ty  of  
a  po int-to-po int  mi crowave  rad io  l i nk w i l l  be dependent upon th e  
gai ns ,  losses  and receiver  sens it iv i ty  correspond i ng w ith th e  
system . Gains  are  associ ated w ith the t ransmi tter power output  
of  the rad i o ,  and the gai ns  of  both  the t ransmitt i ng and receiv i ng  
antennas .  Losses  are  associ ated w ith the cabl i ng between th e  
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radios  and thei r  respect ive antennas ,  and w ith  the path between  
the antennas .  Other losses  can  a lso  occur if  the path is  part ia l l y  
obstructed ,  or i f  path ref lect i ons  cancel  a  port ion  of  the norma l  
receive s i gna l .  Manufacturers  w i l l  state respect i ve RF power  
output  and gain  for each of thei r  p roducts .  

Rad i o  t ransmitters  are  described  in  terms of  power outpu t  
expressed  in  watts .  The power output  may a lso  be expressed i n  
terms of  decibe ls  of  ga in  (dB) .  Rad i o  receivers  are  rated in  term s  
of  sens it iv i ty  (abi l i ty  to  receive a  min ima l  s i gna l ) .  The rat ing i s  
l i sted in  terms of  mi l l iwatts  (mW) ,  or decibe ls  of  ga in  (dB) .  
Antenna  cab le i s  rated in  terms  of  s i gna l  l oss  per foot  and  
expressed as  dB of l oss  per foot .  The antenna i s  rated in  terms  
of  ga in  (dB) .  There  are a  number of  software p rograms that  w i l l  
ca l cu late path loss  by  frequency  and use the speci f i cat ions  of  th e  
system hardware to  help  determine the overa l l  system feas ib i l i ty .  

One of  the f i rst  i tems to  cons ider for any  mi crowave path i s  th e  
actual  d is tance from antenna  to  antenna .  The further a  m icrowav e  
s igna l  must  t ravel ,  the greater the  s igna l  loss .  This  form of  
attenuat i on  i s  termed free space  l oss  (FSL) .  Assuming  a n  
unobstructed path ,  on ly  two  vari ab les  need  to  be cons idered i n  
FSL ca lcu lat i ons :  

•  The frequency  of  the mi crowave s i gna l  –  numeri ca l ly  h i gher  
frequenci es  requ i re  more  power to  cover a  g iven d istance .  

•  The actual  p ath  d istance –  the greater the  d istance the  
greater the s i gnal  l oss .  

A s i gna l  t ransmitted at  a  frequency  of 6 GHz w i l l  have more  
avai l ab le power than a  s i gnal  t ransmitted at  11  GHz.  For examp l e ,  
a  mi crowave system at  6 GHz can expect  to  cover about  25 mi les  
between  communi cat i on  po ints .  The same system us i ng a  frequency  
of  11  GHz w i l l  on ly  cover about  10 mi les .  

When RF energy  i s  t ransmi tted from a parabo l i c  antenna ,  t he  
energy  spreads  outward ,  much l i ke the beam from a f l ash l i ght .  
This  microwave beam can be inf luenced by  the terra in  between  
the antennas ,  as  wel l  as  by  objects  in  or a long  the  path .  When the  
centerl i ne of  a  beam from one antenna  to  another antenna  jus t  
grazes  an  obstac le a long the path ,  some level  of  s i gnal  loss  w i l l  
occur due to  d i ffract ion .  The amount  of s igna l  loss  can vary  
dramat i ca l ly ,  i nf luenced  by  the phys i ca l  characteri st i cs  and the  
d istance of the object from the antenna .  
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A microwave beam can a l so  be  reflected by  water or relat ive ly  
smooth terra in ,  very  much i n  the same way a  l i ght  beam can be  
ref lected from a mi rror .  Again ,  s i nce the wavelength of  a  
microwave beam is  much  l onger than that  of  a  v i s i b le  l i ght  beam,  
the cr i teria  for defin ing " smooth terrai n"  i s  qu ite d ifferent  
between  the  two .  Whi le a  l i ght  beam may not  ref lect  we l l  off  o f  
an  asphal t  road ,  a  d i rt  f i e ld ,  a  b i l lboard ,  or the s i de of a  
bu i ld i ng ,  to  a  microwave beam these can a l l  be hi ghly  ref lect iv e  
surfaces .  Even  gent ly  ro l l i ng country  can  p rove to  be  a good  
ref lector .  

A mi crowave beam arr iv ing at  an  antenna cou ld  effect i ve ly  b e  
cance led  by  i t s  own "mid-path"  ref lect ion ,  caus i ng t remendous  
s igna l  loss .  Long microwave paths  can  a lso  be affected by  
atmospheri c  refract ion ,  the resu lt  of  vari at i ons  i n  the d i e lectri c  
constant  of  the atmosphere .  

For re lat ive ly  short  2 .4GHz microwave  paths ,  on ly  ref lect io n  
po ints  and obstruct i ons  are  usua l l y  of  rea l  concern .  The  effects  
of atmosphere and earth curvature  w i l l  not  usua l l y  come into p l ay ,  
so  the engineering of  these  paths  i s  qu ite strai ghtforward .  For  
long  or unusua l  p aths ,  however,  a l l  aspects  of  path  engineering  
must  be cons idered .  

Interference Issues  -  Spread spectrum microwave rad i o  systems  
are among the most  interference to lerant  communicat i on  
networks  in  use today .  Spread spectrum s i gna ls  are very  d iff i cu l t  
to  detect  and ,  by  thei r  nature ,  are h i ghly  res istant  to  jammin g  
and  interference .  As  more  and more  s i gnal s  are  t ransmitted ,  th e  
"no i se l evel "  i n  the band increases  accord ingly .  Once the no is e  
reaches  an  ident if i ed  level ,  communi cat i on  in  the  band i s  
effect ively  negated .  

In  the U .S . ,  the 2 .4GHz band i s  l i cense free ,  maki ng  i t  very  
d iff i cu lt  to  know whether or not  another spread spectrum rad i o  
i s  operat ing in  a  manner whi ch cou ld  poss ib ly  i n terfere  w i th one's  
own l i nk .  Whi le  these l i nks  are usua l l y  ab le to  spread narrow band  
interference ,  other spread spectrum s igna ls  i n  the 2 .4 GHz band  
cou ld  poss ib ly  i nterfere  i f  they  are  of  the p roper frequency  and  
amp l i tude .  It  i s  extremely  d iff i cu l t  to  p red i ct  the effect  of  an  
interferi ng s i gna l  un less  specif i c  informat ion  i s  known about  the  
interferer .  In  genera l ,  other spread spectrum s igna ls  i n  the 2 .4  
GHz band tend to  ra ise the  band 's  no ise f loor .  For thi s  reason ,  
even when work i ng w ith paths  which are very  short  and not  
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subject  to  any  sort  of  fad ing  cond it i on ,  a  fade marg in  of  15 dB o r  
greater shou ld  a lways  be mai ntai ned for the path .  

A WORD ABOUT ANTENNAS 

Al l  RF systems have an  antenna ( or severa l  in  an  array) .  Th e  
t ransponder used  in  a  vehic le  for to l l  co l lect ion  has  an  antenna .  
The fact  that  i t  can ’ t  be  seen  doesn ’ t  mean  that  i t  i sn ’ t  p resent .  
The antenna i s  bu i l t  in-to  the package .  
A cost  comparison  of  a l l  the  e lements  
that  make up  a  rad i o  system wou ld  show  
the antenna as  the l owest  cost  p i ece .  
However,  most  of  the  p rob lems  that  a  
rad io  system may have can be traced to  
e ither improper i ns ta l l at ion ,  o r  
improper se lect ion ,  of  the antenna .  
Fo l l ow  the  recommendat i ons  l i s ted  
be low for p roper i nsta l l at ion .  

Al l  antennas  have  s imi l a r  
characteris t ics .  They are  des igned  w ith  
vert i ca l  and  hori zonta l  po lar i ty .  Th e  
manipu lat i on  of  these characteris t ics  
creates  a  specif i c  antenna coverage  
pattern .  Some antennas  are  des i gned to  
p rov ide  a  c i rcu lar pattern  referred to  as  omni -d i rect iona l .  
Others  have an  e l l i pt i ca l  pattern referred to  as  un i -d i rect iona l .  
Antenna manufacturers  w i l l  rout ine ly  p rov ide the hori zontal  p lane  
pattern  as  part  of  thei r  p roduct  l i terature .  An engineer can  
request  a  copy  of  the vert ica l  p attern  if  necessary .  The  antenn a  
pattern  d isp lay  i s  for an  Antenna  Speci a l i s ts ,  Inc . ,  2 .4  GHz 
Spread Spectrum rad i o  system . The antenna p rojects  two hi gh ly  
d i rect iona l  lobes .  When sett ing up  a  rad io  system , i t  i s  cr it i ca l  
that  the insta l l ers  match the pattern  lobes  to  the system des i gn .  
If  the  d i rect i on  of  the  l obes  i s  off  by  just  a  few  degrees ,  that  
may cause the system to  have a margi na l  performance .  

GUIDELINES FOR HANDLING & INSTALLATION OF WIRELESS ANTENNA AND 

TRANSMISSION CABLE 

RF Transmi ss ion  cab le shou ld  be t reated w ith the same care as  
f iber opt i c  communi cat i on  cab le .  This  i s  important .  To  p revent  
i nterference w ith other rad io  systems on  the tower th e  
t ransmiss ion  cab le i s  constructed  w ith  an  i nternal  sh ie ld  of  

Figure  8 -7 :  Example  o f  Antenna  

Coverage  Pat tern  - Antenna  

Spec ia l is ts  Products  
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copper or copper fo i l .  If  thi s  shi e ld  i s  broken,  your system cou ld  
cause interference w ith other systems at  the s i te .  Also ,  once th e  
shi e ld  i s  cracked ,  your system i s  subject  to  interference .  Som e 
rad io  t ransmiss i on  cab le uses  a  ho l l ow  copper tube to  act  as  a  
“wave gu ide” .  If  the ho l l ow  tube becomes damaged your syst em 
might  not  funct i on  p roperly .  The fo l l ow ing gu idel i nes  app ly :  

•  Al l  cable shou ld  be inspected  and tested when  received .  

•  Al l  test  resu l ts  shou ld  be  compared w i th factory  p re-
shipp ing tests .  

•  Inspect  the cable nomenc lature to  make certai n  that  you  
received the correct  p roduct .  

•  Noti fy  the supp l ier ( or manufacturer)  of  a l l  d iscrepanci es  as  
qu ick ly  as  poss ib le .  

•  Fol l ow  the manufacturer recommendat i ons  for i nsta l l at ion  

•  Cover a l l  exposed cab le ends  to  make  certain  that  mois ture  
does  not  penetrate the  cab le  assembly .  

Mount ing cable on  a  po le or tower s tructure requ i res  the use of  
qua l i f i ed  personne l ,  test  equ ipment ,  and care to  p revent  damage  
to  the  t ransmiss ion  l i ne:  

•  Use a ho is t  l i ne that  supports  the tota l  wei ght  of  the cab le  
–refer to  manufacturer speci f icat i ons  

•  Use pu l l eys  at  both the top  and bottom of the po le (o r 
tower)  to  gu ide the hoist  l i ne .  

•  Support  the cab le ree l  on  an  ax le so  that  the cab le can  be  
freely  pu l l ed  from the ree l .  Have  a  crew member contro l  the  
rotat ion  of  the ree l .  

•  Short  lengths  of  cab le co i l ed  and t i ed .  Uncoi l  the cab le  on  
the ground  away from the po le before  hoist i ng .  

•  After ra is ing the cab le  to  the  top  of  the  po le ,  anchor i t  to  
the support  structure  from the top  down .  

•  Never anchor the cable to  an  e lectri ca l  ( o r l i ght ing)  condu it .  

•  The top  and bottom of the cab le attached to  the po le shou ld  
be e lectri ca l ly  grounded to the po le w i th a  grounding kit .  

•  The antenna input  connect i on  cannot  be used as  the cable  
ground at  the  top  of  the po le .  
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•  Test  a l l  connectors  to  make certai n  that  they  do not  “ l eak”  
RF power .  

Conclusion 
The informat i on  p rov ided in  th is  chapter shou ld  be rev i ewed by  

p roject  managers  respons ib le  for the des i gn  and imp lementat i on  
of  communicat i on  networks  outs ide p l ant .  Construct i on  of  

communicat i on  infrastructure is  expens ive -  don ’ t  add to  the cost  
by  permitt i ng contractors  to  take short -cuts .  Requ i re  that  

manufacturer i nsta l l at ion  gu ide l ines  be fo l l owed .  
 

There  are  t imes  when gu ide l i nes  must  be modif i ed .  Make certain  
that  you  understand potent i a l  p roblems  and requ i re that  

contractors  p rov ide  a  written exp lanat i on  for the record .  

RESOURCES: 

The Rura l  Ut i l i t i es  Serv i ce  (RUS)  i s  a  d iv i s i on  of  the United  
States  Department  of  Agri cu lture .  RUS prov ides  ass i s tance to  
Rura l  Te lephone Companies  v i a  the pub l icat i on  of  construct ion  and  
equ ipment  s tandards .  These  pub l i cat i ons  are  based on  exi st in g  
te lecommuni cat ions  industry  p ract ices  and are  avai l ab le to  the  
genera l  pub l i c  v ia  the internet .  There  i s  a  l i st  of  accepted  
products  for purposes  of  obta i n ing RUS loans  and grants .  Thi s  
does  not  infer that  other p roducts  won ’ t  meet  the requ i rements  
of a  specif i c  p roject .  

 

ht t p :/ /www .us d a. go v/r u s/ t e l ec om/pub l i ca t i o n s /pdf_f i l es /1755 . pdf 

ht t p :/ /www . usd a. go v/r u s/ t e l ec om/pub l i ca t i o n s /b u l l e t i n s . h tm 
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9. CHAPTER NINE – THE INTERNET 

Introduction 

The internet  i s  a  major communi cat ion  tool  used by  commerci a l  
enterprise ,  and  government agenci es  to  support  t rade ,  operat ions ,  
and interact ion  w ith customers  and supp l iers .  Many ind iv idua l s  
use the i nternet  every  day ,  at  work and at  home . Throughout  th e  
world ,  the in ternet  i s  used as  a  p r imary  source  of  communicat i on  
and  informat i on  serv i ces .  In  fact ,  the  Internat i ona l  
Te lecommuni cat ions  Union  (ITU)  est imates  that ,  as  of  2002 ,  more  
than 650 mi l l i on  ind iv idua ls ,  worldwide,  use the in ternet .  A Harri s  
Po l l  Survey ,  i n  January  2004 ,  revea led  that  146 mi l l i on  adu lts  i n  
the Uni ted States  use  the  Internet ,  and  37% have  access  to  
broadband  connect ions .  In  this  chapter,  you  w i l l  l earn  about  the  
Internet 's  structure ,  how i t  works ,  and i t s  h istory .  The  chapter 
w i l l  a lso  l ook at  how transportat ion  agenci es  use the internet  to  
p rov ide  informat i on  and  faci l i tate  interact ion  w ith other  
government  agenci es .  Cons i s tent  w ith the other chapters  in  th i s  
Handbook,  the informat i on  p resented i s  bas i c  and des igned to  
p rov ide  an  e lementary  understand i ng of  the i nternet  and  
communicat i on  requ i rements .  

WHAT IS THE INTERNET? 

The Internet  i s  an  internat i onal  network of  computers  connected  
by w i res  such as  telephone l i nes .  Schoo ls ,  bus inesses ,  government  
off i ces ,  and many homes use the Internet  to  communi cate w ith  
one another .  You  p robab ly  have access  to  the Intern et  v ia  a  
computer at  work ,  and  may have access  from your home computer .  
Many have access  v ia  thei r  cel l  phone ,  and soon ,  you  may have  
access  v ia  an  embeded dev i ce  in  your automobi le .  

Gai n ing access  i s  s imp le .  A 
computer,  modem, te lephone l i ne ,  
an  account  w ith an  Internet  
Serv i ce P rov ider ( ISP) ,  and  web  
browser software ,  i s  a l l  that ’ s  
necessary .  Most  ind iv iduals  and  
bus inesses  pay  for i nternet  
access ,  but  there  are  a lso  a  
number of  p rov iders  that  w i l l  permit  access  w ithout  fees .  
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The most  popu lar component  of  the Internet  i s  e lectron ic  mai l  ( e-
mai l ) .  The use  of  e-mai l  has  changed the way i n  whi ch ind iv idua ls ,  
corporat i ons  and government  agenci es  communicate .  E-ma i l  a l lows  
for the a lmost  instant  de l i very  of informat i on ,  and has  caused a  
reduct ion  in  the use of  vo i ce  communi cat ion  v ia  the te lephone .  In  
genera l ,  the use  of  e-mai l  i s  becoming a  un iversal  too l  fo r   
communicat i on .  

Organ i zat i ons  and i nd iv idual s  are  ab le  to  create web  s i tes  to  post  
informat i on  about  thei r  p roducts ,  serv i ces ,  and  themse lves .  
Departments  of  t ransportat ion  post  informat i on  about  roadway  
maintenance ,  t raff i c  congest ion ,  and  other t raveler informat ion  
on  thei r webs ites .  

HISTORY OF THE INTERNET 

The Internet  evolved  
from a network  
deve loped ori g ina l ly  to  
support  scient i f ic  
research to  the “World  
Wide Web” (WWW) over  
a  peri od  of  40 years .  In  
the early  1960 ’s ,  the  
Uni ted States  
Department  of  Defense  
(DOD)  created  the  
Advanced Research  
Projects  Agency  (ARPA) .  
One of  i ts  f i rst  p rojects  
was  to  create a  system 
to l i nk research centers  
and Uni vers i t ies  for  
purposes  of sharing  
informat i on .  
13Today ,  i t  i s  a  worldwide  
operat i on  cons ist i ng of  
mi l l ions  of  computers  and  
computer networks .  A 
publ i c ,  vo luntary ,  and  
cooperat i ve effort  

                                                 
13 Drawing found on internet – source CERN 

Figure  9 -1 :  Actua l  Sketch  o f  the Or ig ina l  In te rnet  
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between  the  connected inst i tut ions  and  not  owned or operated by  
any  s i ngle organ i zat i on .  The underly ing i nfrastructure is ,  
however,  owned and operated by  a  number of  te lecommunicat i on  
companies .  

The Internet  and  Transmiss ion  Contro l  P rotocols  were  in i t i a l l y  
deve loped in  1973 by  American computer sci ent is t  Vi nton  Cerf as  
part  of  a  p ro ject  sponsored by  the United  States  Department  of  
Defense Advanced Research  Projects  Agency  (DAR PA)  and  
d i rected by  Ameri can engineer Robert  Kahn .  

Internet  technology  was  a  p r imit ive p recursor of  the  Informat ion  
Superh i ghway ,  w ith the goal  of  computer communi cat ions  to  
p rov ide  schoo ls ,  l ibra ries ,  bus inesses ,  and homes un iversa l  access  
to  qual i t y  informat ion  that  w i l l  educate ,  inform , and  entertain .  
The ori g ina l  demonstrat i on  p roject  was  sma l l  and cons i sted o f  
four nodes .  Each node prov ided a  combinat ion  of  p rocess ing  and  
network connect iv i ty  capabi l i ty .  The current  system has  a  
combinat i on  of  genera l i zed nodes  and speci a l i zed nodes  p rov id in g  
d ifferent  types  of  support  for the world-w ide-web .  

The Internet and the World-Wide-Web 

The average i nd iv idual  d id  not  become aware  of  the  internet  unt i l  
the mid-1990s .  It  was  bas i ca l ly  the p rov i nce of  scient ists  and  
un ivers i ty  researchers  and  a  few computer “geeks ”  ab le to  
understand how computer networks  and  software funct ioned t o  

Figure  9 -2 :  Map -  Locat ion  o f  Ma jor  MCI  In te rnet  Nodes  in  Uni ted  Sta tes 
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al low  this  type of  communi cat ion .  Not  unt i l  the introduct i on  of  
graphi ca l  user i nterfaces  (GUI)  and the i nnovat ions  of  compani es  
(CompuServe ,  Ameri ca-On-Li ne  and others  l ong forgotten )  want in g  
to  popu lar i ze and commerci a l i ze the p rocess  d id  the internet  
evo lve into  the “world-w ide-web” (WWW) . Ameri ca-on-Li ne (AOL)  
introduced a user fr iend ly  graphi ca l  i nterface,  i n  1994,  which  
made i t  easy  for a  person w ith l imited  computer ski l ls  t o  access  
(or browse)  and use  the i nternet .  Other companies  soon  fo l l owed  
the examp le w ith thei r  own  proprietary  web in terfaces .  These  
interfaces  are  common ly  referred  to  as  “Web Browsers ” .  
Ori g i na l l y ,  a  user had to  enter a  speci f ic  dest i nat i on  code (more  
later) .  The new  GUI i nterface  systems prov ided the less  
experi enced internet  user w ith a  way  to  s imp ly  “bro wse” web  
pages  as  i f  they  were read ing a  magazi ne .  

The World  Wide Web ,  i s  a  network that  l i nks  computers  together  
v ia  a  world  w ide communi cat ion  network .  The communicat i on  
network i s  composed of  a  h ierarchy of  nodes ,  l i nked v ia  an  
infrastructure  of  f iber opt ic ,  copper,  and w i re less  communicat i on  
faci l i t i es .  This  i s  somet imes referred  to  as  the “Infostructure” .  

The nodes  are owned and operated by  companies  that  are i n  
bus iness  to  p rov ide a  serv i ce to  other compani es  that  p rov id e  
internet  access  to  bus inesses  and ind iv idua ls .  A subs id iary  of  
MCI operates  major i nternet  sw itching  nodes  in  the  United  
States .  

This  map (f i gure  9-3)  shows the locat ion  of  the p rimary  i nternet  
sw itching po i nts  in  the Uni ted States .  These nodes  are  owned and  
operated by  a  subs id iary  of  MCI .  

These nodes  are in terconnected to  eff ic i ent ly  manage internet  
t raff ic  and prevent  “bott le-necks” .  They are connected v ia  a  
seri es  of  surv ivab le f iber opt ic  ( chapter 2)  communi cat ion  ri ngs .  
Nodes  i n  the United States  are  connected to  other nodes  i n  
Europe and As ia  to  support  a  world  w ide web of i nternet  systems .  

Internet  nodes  can be very  large and be spread over severa l  
bu i ld i ngs ,  or very  sma l l  occupy ing on ly  enough space to hous e  
severa l  smal l  computers .  The  MCI MAE-East  faci l i t y  i s  l ocated on  
Long Is land ,  but  i s  supported by  a  number of a lternate nodes  
spread throughout  the New York C ity  metro area .  Major internet  
serv i ce p rov iders ,  s uch as  AOL,  AT&T WorldNet ,  MSN, and Yahoo  
have  major access  po ints  located  in  c lose  p roximity  (sam e 
bu i ld i ng ,  or w ithin  a  few blocks)  of  the MCI faci l i t i es .  Thi s  a l lows  
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these major ISPs  to  p rov ide a large  number of  users  eff ic i ent  
access  to  the internet .  Major ISPs  have mu lt ip le  h i gh bandwidth  
l i nks  (OC-192 or 10 GB)  to  the MCI nodes .  This  i s  a lso  t rue fo r 
the major telecommunicat i on  carri ers  such as  Sprint ,  Veri zon ,  
SBC QWEST, AT&T, etc .  These compani es  are  cons idered as  Ti e r  
One carri ers .  Al l  o ther p rov iders  access  the in ternet  v i a  one of  
the Tier One carri ers .  

Departments  of  t ransportat ion  us ing the internet  w i l l  contract  
w ith a  serv i ce p rov ider ( Internet  Serv i ce Prov ider)  for access .  
The ISP w i l l  arrange  for a l l  necessary  communicat i on  connect i ons ,  
access  servers ,  webmaster support ,  and  he lp  desk to  t roub l e  
shoot  problems .  Later i n  th is  chapter internet  connect ion  and  
setup  opt i ons  w i l l  be d iscussed .  Al l  ISPs  prov ide s imi l ar serv i ces :  

•  Communi cat i on  connect iv i ty  to  Carri ers .  

•  Routers  to  d i rect  in ternet  t raff ic  

•  Switches  to  create v i rtua l  communi cat ion  paths  

•  Computers  to  support  in ternet  t raff i c .  

•  An e lectrica l ly  p rotected env i ronment for comput ing  and  
communicat i on  equ ipment .  

•  Shared  f loor space  for compani es  to  p l ace equ ipment  for  
i nternet  access .  

•  Modem banks  for d ia l-up  access  
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The fo l low i ng d i agram ( f igure 9-3 )  shows a  typ i ca l  set  o f  
connect ions  for ISP and large corporate users  to  access  th e  
internet .  Not i ce that  the l arge corporate user has  insta l l ed  a  

redundant  communicat i on  l i nk  to  the in ternet .  Internet  Serv i ce  
Prov iders  may a lso  insta l l  redundant  l i nks ,  or they  may  have  a  
d istributed network that  p rov ides  redundancy  w ithout  the need  
for dup l icate communi cat i on  l i nks .  The drawing shows  SONET 
hubs  and SONET broadband  communicat i on  l i nks .  Once s tandards  
are fu l ly  imp lemented ,  th is  architecture  w i l l  most  l i ke ly  change to  
Gigabit  Ethernet  hubs  ( or sw itches)  w ith 10 G igE/GigE  
communicat i on  l i nks .  

The use  of  redundant  l i nks  serves  two purposes .  F i rst ,  the need  
to  mai ntai n  a  connect i on  for serv i ces .  Second ,  redundant  l i nks  can  
a lso  be  used to  support  temporary  requ i rements  for i ncreased  
capacity .  Trave ler i nformat ion  systems (ATIS)  may  become 
overloaded during a  major i nc ident .  The primary  communicat i on  
l i nk may not  be ab le to  p rov ide adequate throughput ,  and th e  
redundant  l i nk i s  used to  temporari ly  share the l oad .  Most  
broadband communi cat ion l i nks  p rov ide serv i ce for both vo ice and  
data and TMCs have both center-to-center and center- to-pub l i c  
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requ i rements .  Later sect ions  in  th is  chapter p rov ide more  
informat i on  about  how Transportat ion  Management Centers  can  
use  the  internet  or i nternet  l i ke  serv ices  to  fu lf i l l  “miss i on  
cr it i ca l ”  requ i rements .  

How Does the Internet Work? 

Two primary  e lements  make  the  internet  work .  F i rs t ,  the internet  
i s  bu i lt  as  an  overlay  to  the world  w ide te lecommun icat ions  
infrastructure .  Port i ons  of  the network were speci a l ly  bu i lt  to  
meet  the needs  of  the  internet .  However,  most  of  th e  
communicat i on  network is  based on  the use of  the  common  
infrastructure .  Second ,  there i s  a  common set  of  communicat i on  
p rotoco ls  and an  agreed set  of  standards  for the software  
language used by  web  browsers .  This  commonal i ty  permits  a  
person in  Japan to  v iew web pages  created in  France .  

The Internet  –  or the World -Wide-Web -  i s  formed by  connect in g  
loca l  networks  through specia l  computers  in  each network known  
as  gateways .  Interconnect ions  are  made through  various  
communicat i on  paths ,  i nc lud i ng telephone l i nes ,  opt i ca l  f i bers ,  and  
rad io  l i nks .  The connect ions  between the  main  gateways  are  
permanent ;  however,  the connect i ons  for ind iv idual  u sers  ( at  
home,  or the off ice)  are  setup  as  needed .  Addit i ona l  networks  can  
be  added by  l i nki ng to  new  gateways .  Informat i on  to  be de l i vered  
to  a  remote machine i s  t agged w ith the computeri zed  address  o f  
that  part i cu lar machine .  The fo l low ing d iagram (f i gure 9-4)  i s  a  
schemat ic  of  how an  ind iv idual  i n  a  smal l  corporate  offi ce might  
obtain  t raff i c  congest i on  i nformat i on  v i a  the internet .  Not i ce  
that  on ly  the ISP  is  d i rect ly  connected  to  the  internet  system .  
Al l  other users  are  routed to  the i nternet  v i a  the PSTN or l eased  
l i nes  from an i ntermediate communicat i on  carri er .  
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The DOT must  enter i nto  agreements  w ith both the ISP and a  
carri er to  be  able  to  p rov ide t rave ler i nformat ion  serv ices  v i a  

the internet .  An a lternat i ve so lu t ion  i s  avai l ab le .  The ISP  
prov ides  a l l  of  the serv i ces  and  systems as  part  of a  package .  
However,  the DOT can p rov ide i ts  own serv i ces .  Th is  wou l d  
requ i re deve lop i ng a  network  of  internet  servers  and routers .  Th e  
DOT wou ld  have  to  dup l i cate the systems  and serv i ces  that  i t  
obtains  from an ISP .  The decis ion  to  do this  i s  based on  economic  
and organ i zat iona l  requ i rements .  

In  the example above ,  the connect ions  are  a l l  permanent  by  v i rtu e  
of  the h i gh speed leased l i nes .  However,  i f   users  at  home wanted  
to  access  the DOT Trave ler Informat i on  web pages ,  thei r  
connect ion  wou ld  be tempora ry .  The network wou ld  be created on  
an  “ad  hoc”  bas i s .  As  soon  as  the home user logged –off ,  th e  
connect ions  wou ld  go away .  
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ADDRESSING – FORMATS 

Vari ous  address i ng formats  are  used by  the d i fferent  serv i ces  
p rov ided by  internets .  Address ing  i s  s imi l ar to  a  telephone  
number-  i t  l ets  the system know whi ch web s ite you  want  to  v is it .  

One format i s  known as  dotted decima l ,  for examp le :  
123 .45 .67 .89 .  Another format  describes  the name of  th e  
dest i nat ion  computer and other rout i ng informat i on ,  such as  
"machine .dept .un iv .edu . "  The  suff ix  at  the end of  the internet  
address  des i gnates  the type of  organ i zat ion  that  owns  th e  
part i cu lar computer network ,  for examp le ,  educat iona l  
i nst i tut i ons  ( .edu) ,  mi l i t ary  locat ions  ( .mi l ) ,  government  offices  
( .gov) ,  and  non-prof it  organ i zat i ons  ( .org ) .  Networks  outs ide th e  
Uni ted States  use suff ixes  that  ind i cate the country ,  fo r  
examp le ( . ca)  for Canada .  A ( .u s )  suff ix  i s  now avai l ab le  for the  
Uni ted States .  

Once addressed,  the informat ion  l eaves  i ts  home network  through  
a  gateway .  It  i s  routed from gateway to  gateway unt i l  i t  reaches  
the loca l  network contai n ing  the dest i nat ion  machine .  Internets  
have no centra l  contro l ,  that  i s ,  no  s ing le computer d i rects  the  
f low of informat ion .  This  rout ing i s  referred to  as  the Internet  
Protocol  ( IP) .  This  p rotocol  specif i es  how gateway machi nes  rout e  
informat i on  from the send i ng  computer to  the recip i ent  computer .  
Another p rotoco l ,  Transmiss ion  Contro l  P rotocol  (TCP) ,  checks  
whether the i nformat ion  has  arr ived at  the  dest i nat ion  computer  
and ,  i f  not ,  causes  the informat ion  to  be resent .  The  overa l l  
p rotoco l  i s  referred to  as  TCP/IP –  Transmiss i on  Contro l  
P rotoco l/Internet Protoco l .  

To support  a  d iverse set  of  users  across  the  Internet ,  i t  i s  
important  to  use a  techno logy  that  is  independent  of  a  comput i ng  
p latform so  that  any  network dev i ce can  access  the web  serv ice .  
Such a  techno logy  shou ld  be  compact  us ing l i tt le  bandwidth and  
very  portable so  i t  can  be  used on  many dev ices .  There are  
severa l  very  powerfu l  languages  and protocols  that  are  used  
between d isparate systems located on  the Internet ,  such as :  

•  Extens ib le Markup  Language (XML)   

•  Simple Object  Access  Protocol  (SOAP)   

•  Java  
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Extensible Markup Language 

XML was  created duri ng  the  mid  to  late  90s  as  a  way  to  take  raw  
data such as  text ,  graphi cs ,  or b inary  t ransmiss ions  from nearl y  
any  source  and app ly  an  organ i zat iona l  st ructure  that  i s  both  
contextua l  and v isual .  XML can be used to  de l i ver structured  
content  inc lud ing text ,  vector graphi cs ,  and  e lectron i c  
t ransact ions  across  a  network l i ke the Internet .  

Simple Object Access Protocol 

SOAP fo l l ows  the typ i ca l  c l i ent/server model  and i s  des igned t o  
use standard techno logi es  l i ke XML to  t ransmit  sma l l  amounts  o f  
informat i on  across  a  network us ing a  standard i zed language and  
format .  SOAP  does  not  use  any  specif i c  transport  p ro toco l  and  
does  not  use any  p rogramming mode l .  It  i s  a  language that  can  b e  
used  to  send  commands and  i nformat i on  as  we l l  as  a  s tandard i zed  
method of organ i zi ng and encodi ng informat ion .  Because SOAP i s  
independent  of  transport  p rotocol  and p rogramming model ,  i t  i s  
wel l  s u i ted for communi cat i on  between systems  that  wou ld  not  
otherwise be able to  communi cate .  Therefore ,  a  SOAP-aware  
app l i cat ion  i s  ab le to  create ,  send ,  rece ive,  and  in terpret  th e  
commands between d isparate systems and act  upon them as  
intended .  

Java 

A programming  l anguage  that  i s  des i gned  to  be p latform-
independent  and  portab le .  In  other words ,  Java i s  not  based on  a  
specif i c  comput i ng  p l atform;  i t  i s  based on  i t s  own workspace ,  
which can  exis t  in  any  comput ing env i ronment .  Java app l icat ions  
can  operate exact ly  the same on  any  computer regard less  of  th e  
operat ing system or hardware conf i gurat ion  used .  Java  creates  a  
se lf- contained comput i ng  env i ronment that  can  run  w ith in  other  
operat ing systems and interact  w ith an  operat ing system to  
perform tasks .  Java cons ists  of  three major components :  

•  Java p rogramming l anguage  

•  Java app l icat i on  l ibra ries   

•  Java v i rtua l  machi ne  
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Each of  these techno logi es  i s  used in  some capacity  to  del i ve r  
web serv ices .  However,  the World  Wide Web Consort ium  (W3C)  i s  
beginn ing to standard i ze which p rotocol  shou ld  be used when  
de l i ver i ng web serv ices .  In  a  work i ng draft  created in  May 2003  
ca l led  Web Serv i ces  Arch itecture ,  the  W3C  out l i nes  the  core  
techno logi es  behind  a web serv i ce and g ives  some gu ide l ines  on  
how the serv ice shou ld  be deve loped ,  des igned,  and  dep loyed .  Th e  
W3C  seems to have agreed upon  XML as  the bas is  for a  
standard i zed  web  serv ice ,  but  on ly  t ime  w i l l  te l l  which language  
w i l l  be chosen .  More than l i ke ly  there w i l l  s t i l l  be a  var i ety  o f  
languages  used to  create  web serv i ces ,  even after a  standard ha s  
been  estab l i shed .  

For more i nformat ion  see:  Web Serv ices  Archi tecture  -  
(htt p :/ /www .w3. org /TR/w s-ar ch/ )  -  W3C Worki ng Draft  May 14 ,  
2003 . 

Computer in teract i on  has  dramat i ca l ly  changed our world ,  
bridgi ng  the  barriers  of  t ime  and d i stance ,  a l low ing peop le to  
share  informat ion  and  work together.  Evo lu t ion  of  th e  
Informat i on  Superhi ghway  i s  cont i nu ing at  an  acce lerat i ng  rate .  
The avai lable  content  has  grown at  a  rap id  pace ,  and w i l l  cont inu e  
growing rap id ly ,  making i t  eas i er to  f ind  any  i nformat ion  on  th e  
Internet .  Al l  Government  Agenci es ,  Uni vers i t ies ,  and  v i rtua l ly  a l l  
commerci a l  enterprises  use the internet  as  a  p r imary  means  of  
p rov id ing informat ion  to  the publ i c .  New app l icat i ons  p rov id e  
secure bus i ness  t ransact ions  and new opportun i t ies  for commerce .  
New technologi es  cont i nue to  i ncrease the speed of  i nformat ion  
t ransfer .  Internet  users  are  now ab le to  down load feature length  
mov i es  and Broadway Shows .   

TYPES OF INTERNET NETWORKS 

There are  severa l  d ifferent  conf i gurat ions  of  i nternets .  Most  
common i s  the  Internet  used  by  mi l l i ons  every  day .  The system i s  
open to  anyone w ith a  modem, te lephone l i ne ,  and  a  web  browser .  
Companies ,  government agenci es ,  s choo ls  and  other organ i zat i ons  
have d iscovered that  the s imp le common internet  p rotoco l s  can  b e  
used  to  create a very  powerfu l  i nternal  communi cat ion  network .  
Sett ing up  an  i nternal  i nternet  prov ides  organ i zat i ons  w ith the  
abi l i ty  to  communicate us ing the same software and systems used  
for external  communi cat ions .  



Telecommunications Handbook for Transportation Professionals 

 

Chapter 9 

238

Intra-Net 

These networks  are  ca l l ed  “Intra-Net ” .  They are  on ly  access ib l e  
by  ind iv idua ls  d i rect ly  connected v ia  a  l oca l  area network .  Most  
users  are  fami l i ar  w ith  the  PSTN vers ion  that  a l l ows  access  v i a  a  
standard te lephone l i ne connect i on  us i ng a  modem . Access  can  
a lso  be gained v i a  cable TV system l inks ,  broadband DSL l i nks ,  
and d i rect  connect i ons  v i a  DS-1  or DS-3 l i nks .  Intra-Nets  are  
p rivate networks  contained w ith in  an  enterprise .  It  may cons is t  
of many inter l i nked loca l  area networks  and a l so  use leased l i nes  
i n  the Wide Area Network .  Typ i ca l ly ,  an  i ntranet  i nc ludes  
connect ions  through one or more gateway computers  to  the  
outs ide Internet .  The main  purpose of  an  intranet  i s  to  share  
company informat i on  and  comput ing resources  among employees .  
An intranet  can  a l so  be used to  faci l i tate work ing in  groups  and  
for teleconferences .  An i n tranet  uses  TCP/IP ,  HTTP,  and other  
Internet  p rotoco ls  and in  genera l  l ooks  l i ke a  p r ivate  vers ion  of  
the Internet .  With tunne l ing,  compani es  can  send  private  
messages  through the publ i c  network ,  u s ing the publ i c  network  
w ith  specia l  encrypt i on/decrypt ion  and other securi ty  safeguards  
to  connect  one part  of  thei r intranet  to  another.  Typ ica l l y ,  l arger  
enterprises  a l l ow  users  w ithi n  thei r intranet  to  access  the pub l i c  
Internet  through f i rewal l  servers  that  have the abi l i ty  to  screen  
messages  in  both d i rect i ons  so  that  company security  i s  
maintai ned .  

Extra-Net 

An extranet  i s  created when part  of  an  intranet  i s  mad e  
access ib le  to  customers ,  p artners ,  supp l iers ,  or others  outs ide  
the organ i zat i on .  A DOT cou ld  create an  extranet  to  share  
informat i on  w ith  inc ident  responders .  Loca l  po l i ce  departments  
cou ld  be p rov ided w ith images  from CCTV cameras  to  support  
coord inated management  of  a  specif i c  inc ident .  

An Extra-Net i s  a  pri vate  network that  uses  the Internet  
p rotoco l  and  the  pub l i c  telecommuni cat ion  system to secure ly  
share  part  of  a  bus iness 's  informat ion  or operat i ons  w ith  
supp l i ers ,  vendors ,  p artners ,  customers ,  or other bus i nesses .  An  
extranet  can  be v i ewed as  part  of  a  company's  i ntranet  that  i s  
extended to users  outs ide  the company .  It  has  a lso  been  
described as  a  "state of  mind"  in  which the Internet  i s  perceived  
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as  a  way to  do bus i ness  w ith other compani es  as  we l l  as  to  se l l  
p roducts  to  customers .  

An extranet  requ i res  securi ty  and privacy .  They requ i re  f i rewal l  
server management ,  the i ssuance and use of  d i g i ta l  cert if icates  
or s imi lar means  of  user authent i cat ion ,  encrypt ion  of  messages ,  
and the use of  v i rtua l  p r ivate networks  (VPN)  that  tunnel  through  
the pub l i c  network .  Compani es  can  use an  extranet  to :  

•  Exchange l arge vo lumes of  data us i ng E lectron i c  Data  
Interchange (EDI)  

•  Share product  cata logs  exc lus i ve ly  w ith wholesa lers  or those  
" in  the trade"  

•  Col laborate w ith other compani es  on  jo i nt  deve lopment  
efforts  

•  Joint ly  deve lop  and use t ra in ing p rograms with other  
companies  

•  Prov ide or access  serv i ces  p rov ided by  one company  to  a  
group  of  other compani es ,  such as  an  on l i ne  banki ng  
app l i cat ion managed by  one company on  beha lf  of  aff i l i a ted  
banks  

•  Share news of  common interest  exc lus ive ly  w ith part ner  
companies  

Role of the Internet for Traffic, ITS, Freeway Management & Traveler 
Information 

If the Internet  was  v i ewed from the perspect ive of  the Nat i ona l  
Arch itecture ,  i t  wou ld  be shown as  a  communicat i on  e lement .  The  
architecture  mode l  mi ght  be  modif i ed  showing the Internet  as  an  
underly ing e lement  of  w ide area w i re less  and w ire  l i ne  
communicat i ons  systems .  
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Departments  of  t ransportat i on  have looked to  the  internet  as  a  
way  to  communicate w ith the t ravel i ng  pub l i c .  The Web i s  

p rimari ly  used to  p rov ide  informat i on  about  current  t rave l  
cond it i ons ,  i nc lud ing:  

•  Locat i ons  of  congest i on  

•  Video v iews of h i ghway sect i ons  

•  Video v iews of i ntersect ions  

•  Highway segment t rave l  t imes  

•  Construct i on  locat i ons  and poss ib le t rave l  t imes  

•  Speci a l  events  
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•  Weather cond it ions  affect i ng t ravel  

•  Link  to  other transportat i on  agenci es  

•  Link  to  Department of  Motor  Vehi c le  serv i ces  

 

Examples  of  current  i nternet  s i tes  

•  Vi rgi n ia  Department  of  Transportat ion :  
ht t p :/ /v i r g i n i ado t .o r g/d ef a u l t _myvd ot . as p 

•  Kansas  Department  of  Transport at ion :  
ht t p :/ /www .ks do t . o rg / p ub l i c / kd o t/  

•  Cal i forn i a  Department  of  Transportat ion :  
ht t p :/ /www .d ot . c a. go v/ 

 

The above  are  a  few examp les  of  DOT web  s i tes .  More  can  b e  
found at  the fo l l ow ing resource web  s i te :  
ht t p :/ /www .bet t er ro ad s .c om/ l i n ks p a ge s/ l i n ks dot . h tm .  Better Roads  i s  a  
publ i cat ion  of  James Informat iona l  Media ,  Inc .  

Many DOT s ites  p rov ide  a  s ign if i cant  amount  of  t ravele r  
informat i on  in  a  t rad i t iona l  WWW access  mode .  Some s ites  
p rov ide access  to  dri ver l i cense and automobi le  registrat ion  v i a  
secure l i nks .  Others  even p rov ide access  for t rucki ng f i rms to  
f i l e  for t rave l  permits .  This  i s  a l l  accomp l i shed through  the us e  
of  secure web pages  that  a l low  users  to  comp lete a  f inancia l  
t ransact ion  on- l i ne .  Many of  these s i tes  requ i re  the user to  
complete an  app l i cat ion  for secure access  to  the f inancia l  
t ransact ion  web  pages .  However,  the te lecommunicat ion  port ion  o f  
the system has  no  impact  on  the overa l l  t ransact ion .  It  i s  in  fact ,  
t ransparent ,  and s imp ly  p rov ides  the  connect i on  between  serv i ce  
p rov ider and  customer.  

USE OF THE INTERNET FOR CENTER-TO-CENTER COMMUNICATIONS 

The i nternet  can  be used  as  a  telecommuni cat i on  tool  to  a l low  
transportat ion  agencies  to  prov ide  for a  more  eff ic i ent  
operat i on .  In  addit ion  to  p ro v id ing access  for the pub l i c  to  obtain  
serv i ces  and  receive informat ion ,  i t  can  be  used to  help  support  
secure ,  eff i c i ent  “Center-to-Center”  communi cat ion  l i nks .  Us i ng a  
combinat i on  of  in ternets ,  i n t ranets ,  and extra-nets ,  agency-to-
agency  l i nks  are  easy  to  accompl i sh .  
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To better understand  the ro le of  the  in ternet  and  i ts  vari ous  
te lecommuni cat ions  app l icat i ons ,  l et ’ s  look at  the bas i c  e lements   
needed ( table 9-1 ) ,  and  a  schemat i c .  The e lements  (from  a  
te lecommuni cat ion  perspect ive)  are as  fo l l ows :  

Table  9 -1 :  In te rnet  Communicat ion  Elements  

Bas i c  E l emen ts  

E l emen ts  Exp l an a t i o n  

We b B as ed  Ap p l i c a t i o n s  
T he  a c t ua l  s e t  o f  w e b  p a ges  a n d  

ca p ab i l i t i e s  o f  t he  sp e c i f i c  D O T sy s t e m 

Ap p l i ca t i o n  S er v er s  

On e  o r  m or e ,  co m p ut er s  u se d  t o  r u n  an d  

s to r e  t he  a p p l i c a t i o n s ,  w eb  pa ges ,  us er  

i n fo r m at i on ,  r e q u i r e d  d at a ba ses ,  e t c .  

C om m un i c at i o n  Ser v er s  

On e  o r  m or e  c om p u ter s  us ed  t o  m an ag e  

ac ce ss  be tw een  t he  W WW  an d  t he  

ap p l i c a t i o n  s ev er s  

R out er s  

Us ed  to  r o u te  i n f o r ma t i o n  to  an d  f ro m  t he  

WW W,  an d  be tw een  t h e  a pp l i c a t i o n  an d  

co mm u n i ca t i o n  se r ver s  

LA N 

Lo ca l  Ar ea  Ne tw or k  ( t he  p hy s i ca l  n e tw or k )  

con n e ct i n g  r o u t e r s  ap p l i ca t i o n  an d  

co mm u n i ca t i o n  se r ver s  

C om m un i c at i o n  Ne tw o r k  

Ac ce ss  H ar dw ar e  

T he  a ct u a l  e q u i p me n t  t h at  co n n ec ts  t he  

D O T W eb  sy s te m to  t he  W WW 

C om m un i c at i o n  F a c i l i t y  

T h i s  i s  t he  a c t ua l  co p per ,  f i be r ,  o r  R F  

pa t h  use d  to  ge t  f r o m  t he  D O T  com p u ter  

s i t e  t o  t h e  W W W 

 

The above tab le and schemat ic  (f i gure 9-6 )  show how a  typ ica l  
DOT system may connect  to  the internet .  However,  there  are  
severa l  v ar iat ions .  
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A virtual permanent connection -
“VPC” – is communication path that 

is permanently in place, but is not a 

fixed communication link such as a 
T-1. The communication path is 

always available and private, but 

does not always take the same 

route between two points; 
therefore, it is “virtual”. 

Some DOTs may have contracted thei r  system to a  company that  
p rov ides  a l l  of  the necessary  app l i cat ion  servers  and  
communicat i on  pathways .  In  that  case ,  the DOT wou ld  ha ve  
remote access  to  the  system to  p rov ide updates  and  addit ions .  

The contract  w ith the  p ri vate company wou ld  inc lude  a l l  necessary  
serv i ces ,  i nc lud ing  peri od i c maintenance  and  equ ipment  updates .  
Overa l l  des i gn  of  an  in tern et  system is  normal ly  hand led by  a  
specia l i st  u s ing support  from the Informat i on  Techno logy  
Department  ( IT) ,  the ISP ,  and the carri er p rov id ing the leased  
communicat i on  faci l i ty .  

The Internet  i s  a  powerfu l  too l  and  
can be used as  part  of  an  
operat i onal  p rogram fo r  
d istribut i ng  informat ion  between  
DOT faci l i t i es  and a l l i ed  t raffic  
management agencies  (Center-to-
Center) .  An operat iona l  s cenari o  
that  has  t raff i c  inc ident  data  
shared by  a  state DOT d istri ct  
TMC , l oca l  st reets  TMC , l oca l  po l i ce,  and  d isaster management  
agency  can  take  advantage  of  the i nternet  i nfrastructure .  Th e  
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F igure  9 -6 :  In te rnet  E lements  Schemat ic 
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i nternet  can  be  used to  p rov ide a  robust  and  economica l  
communicat i on  network .  The  primary  advantage bei ng that  
connect iv ity  i s  v i a  an  ex ist i ng te lecommuni cat ion  system that  i s  
maintai ned and updated on  a  regu lar bas is .  Cost  of  the base  
system can  be p roport ionately  shared ,  w ith communicat i ons  
access  l i nks  pa id  ind iv idua l l y  by  each user agency .  Effect ivel y ,  
the combined agenci es  create a  w ide-area intra-net .  The  network  
i s  c l osed to  web surfers  and the pub l ic  v i a  the use of  f ix ed  
communicat i on  access  c i rcu its  ca l l ed  “v i rtua l  permanent  
connect ions ”  (VPC) .  

Speci a l  secure  web pages  are created  prov id i ng authori zed users  
access  to  the system us i ng  a  standard web browser.  Al l  

i nformat i on  i s  p rov ided in  the same genera l  format to  a l l  users .  A  
centra l  database i s  created to  a l low  for retent ion  of  informat ion  
that  can  be used at  a  later date for stat is t ica l  research .  Th e  
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F igure  9 -7 :  Schemat ic  -  Mul t ip le Agenc y Ce nter - to -Center  L inks  via  the  In te rnet 
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“F i r ew a l l ”  - i s  a  t e r m  u sed  

to  d es cr i be  a  s o f tw ar e  

ap p l i c a t i o n  d es i gn e d  to  

pr e ven t  un a ut ho r i z ed  

ac ce ss  to  t h e  i n i t i a l  e n tr y  

po i n t  o f  a  s y s t em .  

data contained on  the web  pages  can  have addit iona l  securi ty  
layers  w ith some users  ab le to  on ly  v i ew the i nformat ion ,  and  
others  being ab le  to  down load the data .  F i gure  9-8 i s  a  schemat i c  
of  a  system that  can  be  used  by  severa l  agencies  to  share  
informat i on .  

Not i ce a lso ,  in  f igure 9-7 ,  that  each ent i ty  has  a  d ifferent  
communicat i on  l i nk .  The s i ze and cost  of  the Intra-net  l i nk  i s  
determined by  user requ i rements  and i s  pa id  for by  the us i ng  
agency .  In  this  schemat i c ,  the DOT and Local  Streets  are each  
prov id ing app l i cat i ons  to  the shared system . The serv ing agency  
contro ls  the re lease of  informat i on .  
Each agency  can  set  vary ing  leve ls  of  
access  and  determine  which  
informat i on  w i l l  be p rov ided .  The ISP  
charges  a  fee for operat ing and  
maintai n ing the in ternet  gateway and  
the overa l l  web s ite .  Users  share  thi s  
cost  and the cost  of  any  mutua l  
app l i cat ions .  Not i ce that  there is  no  d i rect  PSTN access  to  th e  

system . 

Ind iv idua l  agenci es  can  p rov ide d ia l-up  access  v i a  thei r  ow n  
system for se lected emp loyees .  A f i rewal l  i s  used to  p revent  
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unauthori zed access  to  the system .  Only  specif i c  u sers  are  
permitted  access  for l imited  app l i cat i ons .  

The NTCIP committee  i s  i n  the p rocess  of  deve lop i ng Center-to-
Center communicat i ons  p rotoco ls .  These p rotoco ls  can  be  used i n  
the above scenari o .  F i gure 9-8 prov ides  a  re lat i onship  d iagram o f  
the NTCIP protoco ls .  

Conclusions 

The i nternet  i s  a  powerfu l  too l  used to  d isseminate  informat ion  
to  many ind iv i dua ls .  S i nce  1995 ,  the in ternet  has  become a  
“ubiqu i tous”  form of  communicat i ons .  Ind iv idua ls ,  corporat i ons  
and government ent it i es  use the internet  extens ively  for  sharin g  
informat i on ,  runn ing  operat i ons ,  and  t ransact ing bus i ness .  Som e 
of the l argest  users  are f inancia l  i n st itut ions .  Fo l low ing  i s  a  l i s t  
of  examp les  of  how transportat ion  agenci es  are us ing th e  
internet :  

•  Amtrak se l l s  t i ckets  and prov ides  schedu les  

•  The Bay  Area  Rap id  Trans it  Systems (BART)  uses  the  
internet  to  p rov ide schedu les ,  stat ion  locat i ons ,  t i cket  
sa les ,  and  other informat ion .  

•  Colorado DOT prov ides  access  to  “overs i ze –  overwei ght ”  
permit  app l icat i ons .  

•  Miss iss ipp i  a l l ows  current  res idents  w ith  a  va l id  driver ’ s  
l i cense to  pay  for a  renewa l  on l i ne .  

•  The C ity  of  Houston ,  Texas  p rov ides  access  for payment  of  
minor v i o l at i on  and park i ng t i cket  f ines  on l ine .  

Most  states  and many  munic ipa l i t i es  p rov ide extens iv e  
informat i on  about  t ransportat ion  serv i ces  and genera l  and  
specif i c  t rave ler i nformat ion  v ia  the i nternet .  Commuters  can  l og  
onto web s i tes  throughout  the country  to  get  the l atest  t raff i c  
and  mass  t rans it  cond it ion  informat i on  before  leav i ng work fo r  
the t rip  home . Traff i c  and t rans i t  updates  can  be del i vered v i a  
w i re less  serv i ces  whi le  a  t rave ler i s  enroute .  

The in ternet  and the WWW have  become the defacto standard  
for communi cat i ons  serv i ces .  Transportat i on  agenci es  have  
embraced the use of  the Internet  and the  World  Wide  Web as  
part  of  thei r  overa l l  operat iona l  p rogram .
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10. CHAPTER TEN – THE FUTURE 

Introduction 

Predi ct ing the future  is  a lways  a  l i tt le  dangerous ,  espec ia l ly  fo r  
techno logy  in tens ive systems and serv i ces  such as  
te lecommuni cat ions .  This  handbook was  written over a  two yea r  
period that  saw major  deve lopments  i n  the  way that  
te lecommuni cat ion  serv i ces  are  p rov ided ,  and  in  thei r  support in g  
techno logi es .  The intent  of  th is  chapter i s  to  p rov ide a  look at  
some of the te lecommunicat ions  techno logi es  that  may have an  
impact  on  the deve lopment  of  Transportat i on  Management  
Centers ,  Traff i c  Si gnal  Systems ,  and  Freeway Management  
Systems .  The fo l l ow ing i nformat i on  i s  p rov ided based on  
techno logy  deve lopments  at  the t ime of  pub l i cat i on  of  thi s  
document .  

CIRCUIT SWITCHED VS. PACKET SWITCHED 

Prior to  2004 ,  most  industry  analysts  were i nd icat i ng that  the  
major telecommunicat i on  carri ers  wou ld  cont inue to  i nvest  most  
of  thei r money in  the maintenance and upgrade of  exist ing c i rcu i t  
sw itched vo i ce based networks-  the  genera l  consensus  be ing that  
the s ign if i cant  in vestment  in  those types  of  networks  wou ld  
cont inue through 2050 . In  January  2004 ,  severa l  major  
te lecommuni cat ion  carri er compani es  announced that  they  were  
sh ift i ng the investment  of  those do l l ars  to  implementat i on  of  
packet  sw itched i nternet  te lephony  networks .  They ind i cated that  
the shi ft  wou ld  be aggress ive ,  l ook ing to  make serv i ces  based on  
those systems avai lab le network w ide by 2010 .  

The overa l l  effect  of  these changes  w i l l  make  the t ransm iss ion  of  
d ig i t a l  data v i a  these networks  less  expens ive and requ i re l ess  
hardware .  Departments  of  Transportat ion  w i l l  derive s i gn if i cant  
benefits  from the changes .  Traff i c  s igna l  systems that  
t rad it i onal ly  used dedi cated leased te lephone l i nes  w i l l  be able t o  
use packet  sw itched c i rcu its .  Instead of  pay ing for a  l eased l i n e  
on  a  24/7 bas is  (even when  the l i ne i s  not  in  u se)  they  w i l l  pay  for  
the amount  of  data actual ly  t ransmitted (the number of  packets  
used) .  Hardware for these systems w i l l  be  l ess  comp lex ,  and l ower  
in  cost .  DOTs w i l l  see a  reduct i on in  the overa l l  comp lexity  and  
cost  of  hardware requ i red i n  the TMC together w ith a  reduct io n  
of  the cost  to  operate and maintain  th is  equ ipment .  
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Between 1998 and 2004,  the IEEE 802 committees  developed a  
number of  standards  for the  eff i c ient  t ransmiss ion  of  data us i ng  
both w i re l ine ( inc lud i ng f iber)  and w i reless .  These new standards  
he lp  to  p rov ide for the “seamless ”  t ransmiss ion  of  data from one  
medium to another.  Al l  of  these new standards  w i l l  be eas ier t o  
imp lement  v i a  the new packet  sw itched networks .  The new  
standards  a l low  for re lat ive ly  s imp le t rans i t ion  from w i re l i ne to  
w i re less ,  and  back ,  w ith min ima l  degradat ion  of  data qual i ty  and  
bandwidth .  

A major p rob lem created by  the t rans it ion  from ci rcu it  sw itched  
to  packet  sw itched i s  the requ i rement  to  ident ify  the or ig in  and  
dest i nat ion  of  the communicat ion .  Current ly ,  te lephone numbers  
are used .  The ca l l er s imp ly  enters  the te lephone number of  th e  
ca l led  and the system recogni zes  the h i erarcha l  ( a  th i rteen d i g i t  
code)  order to  route the ca l l .  Each c i rcu i t  can  be ident if ied  v i a  
the:  

•  Country  Code (3 d i g i ts )  

•  Area  Code (3 d i g i t s )  

•  Exchange Code (3 d i g i ts )  

•  Ci rcu it  Code (4 d i g i t s )  

The pai r  of  w i res  connected to  each te lephone instrument can  
u lt imate ly  be ident if i ed  ( and  ca l l ed)  by  a  te lephone number.  

The Ce l lu l ar  Te lephone system s imp ly  rep l icated the c i rcu i t  
sw itch method by  p rov id i ng  each  w i re less  handset  w ith a  
t rad it i onal  te lephone number.  The system works  for vo i ce  
connect iv ity ,  but  is  p rob lemat i c for broadband data networki ng .  
The emerg ing requ i rement  for w i re less  handsets  to  be mobi l e  
computers  ( rather than mobi le  te lephones)  has  created a  need  fo r 
a  new sw itchi ng and connect i on  p rotoco l .  

“Sess i on  In it i ated Protoco l ”  (SIP)  i s  an  emergi ng communicat i on  
p rotoco l  that  improves  the abi l i ty  of  packet  sw itched networks  to  
ident ify  ori g in  and  dest inat i on  po i nts  w ithin  a  network .  SIP  uses  
the un iversa l  resource locator (URL)  p rotoco l  to  prov id e  
connect ions .  These are the same ident i f iers  used to  browse web  
pages .  A URL is  a  type of  address  that  describes  the locat ion  o f  
informat i on  on  the World  Wide Web ,  e .g . ,  www .fhwa .dot . g ov .  With  
SIP ,  even phone  numbers  are  converted to  URLs .  Reachi ng  an  
ind iv idual  can  be  as  s imp le as  enteri ng  h is  or her e-mai l  address .  
The s imi l ari ty  of  SIP to  HTTP not  on ly  makes  i t  ideal ly  su ited fo r  
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the IP  env i ronment ,  but  i t ' s  easy  for HTTP experts  to  p rogram i t  
w ithout  l earn ing a  new language 

Trends for Transportation 

A number of  new te lecommunicat i on  technologi es  w i l l  begin  to  b e  
used on  a  broad scale by  Departments  of  Transportat ion  and  
To l led  Faci l i t i es  operat ions .  Some of these are:  

•  High speed Ethernet  

•  Res i l i ent  Packet  Ri ng  (RPR)  

•  Broadband  Wire less  

•  Radi o  Frequency Ident if i cat i on(RFID)  

 

HIGH SPEED ETHERNET 

Ethernet  i s  genera l ly  cons idered as  a  h i gh  speed  
te lecommuni cat ion  topology ,  but  for purposes  of  th i s  d iscuss i on  
one (1 )  g i gabit  (Gi gE)  and ten  (10)  g i gabit  ( 10GigE)  are cons idered  
as  h igh speed .  There  are  ( as  this  handbook i s  being wri tten )  
d iscuss ions  of  h i gher speeds  (beyond 10  Gi g)  for Ethernet .  

Many dev i ces  used in  Traff ic  Si gnal  and Freeway Management  
systems are  being manufactured w ith Ethernet  communicat i on  
ports .  This  w i l l  a l low  for d i rect  connect ion  of  the dev ices  w ithou t  
the need to  use p rotoco l  converters  (seria l  t o  Ethernet) .  

GigE 

GigE wi l l  p rov ide s i gn i f icant  capabi l i t i es  for t ransport i ng v ideo  
and  other data from f i e ld  dev i ces  to  the  TMC . Most  desktop  
computers  and work stat i ons  started shipp ing w ith GigE capabi l i t y  
embedded into the “motherboard ” by  the  fourth  quarter of  2003 .  
Eventual ly ,  Gi gE w i l l  become the standard for LAN for desk-top  
to  desk-top  communi cat ion  w ith in  the center .  Two processes ,  
vo ice and v ideo over IP ,  w i l l  be great ly  faci l i t ated by  the use of  
GigE .  

Chapters  2 ,  5 ,  and  7 p resented the concept  of  VIP (v ideo over  
IP) .  CCTV cameras  are  des i gned  w ith bu i lt- in  v ideo CODECS and  
Ethernet  t ransmiss ion  ports .  The use of  these dev i ces  w i l l  
s impl i fy  the dep loyment  of  v isua l  observat ion  systems  for t raff i c  
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and transportat i on management .  The fo l low ing i s  a  compari son  of  
t rad it i onal  CCTV systems and  VIP systems:  

Table  10 -1 :  Compar ison  Trad i t iona l  CC TV vs .  V IP  Systems Requi rements  

Tradit ional VIP 

CCTV Camera CCTV Camera with i nterna l  CODEC & 

VIP  

PTZ Un it  PTZ Un it  w ith bui lt -in  connect ion  v ia  

the  VIP  module  

V ideo  Encoder  Router  

F iber  (or  copper)  Transmiss ion  

System 

F iber  Transmiss ion System 

V ideo  Decoder  

V ideo  Switch 

Ana log  Mon itors  

PTZ Contro l ler  

PTZ Commun icat ion  System 

Software  in  operator  Work  Stat ion 

Rack system to ho ld  a l l  of  the  

hardware  in  the  TMC 

E lectr ic i ty  to  power  the equipment 

in  the  TMC 

Added HVAC capabi l i ty  in  the  TMC 

No addit iona l  equipment ,  e lectr ic i ty  

or  HVAC required in  TMC 

Fewer p i eces  of  hardware reduces  the overa l l  complexi ty  of  th e  
system , and reduces  the  tota l  cost  of  dep loyment  an d  
maintenance .  This  i s  one example of  how new te lecommun icat ions  
standards  and systems w i l l  help  p rov ide economies  and  
eff ic i enci es  i n  the development of  Freeway and  Traff i c  
Management systems .  

Voi ce-over-IP  (VoIP)  w i l l  p rov ide an  abi l i ty  to  reach ind iv idua l s  
regard less  of  the type of  communicat i on  system being used .  
D ispatchers  at  a  desktop  work stat i on  w i l l  be ab le to  reach f i e ld  
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personnel  by  se lect ing an  ind iv idua l ’ s  persona l  ident if icat i on  
number i n  an  app l i cat ion  such as  Microsoft  Out look .  Th e  
d ispatcher won ’ t  have  to  worry  about  pushing  buttons  on  a  
communicat i on  conso le ,  or which communi cat ion  network to  use .  A 
software  app l i cat ion  w i l l  t ake care  of  the p rocess .  

10GigE 

A primary  object i ve  of  the 802 .3ae work ing  group  was  to  deve lop  
a  10 Gbps  communi cat ion  p rotocol  w ith  a  t ransmiss ion  l i nk  
d istance of  up  to  40km over s i ngle mode f iber 14.  The 10 Gbps  
802 .3  so lut i on  was  deve loped to  extend  Ethernet  capabi l i t i es  
p rov id ing h i gher bandwidth for mu lt imedi a ,  d is tributed  
process i ng ,  imaging ,  medi ca l ,  CAD/CAM, by  improv i ng th e  
performance of :  

•  LAN Backbone and Server and Gateway Connect i v i ty  

•  Switch aggregat ion  

•  the MAN, WAN, Regiona l  Area Network (RAN) ,  and Storage  
Area  Network (SAN) 15 

10GigE i s  ( as  of  the publ i cat i on  of  this  handbook)  on ly  s tart ing t o  
be dep loyed .  Its  in it i a l  use  is  as  a  backbone t ransport  system .  
There  is  no  ( current)  p l an  to  use this  type of  system for desktop-
to-desktop communicat i on .  

Department  of  transportat i on  cou ld  take  advantage  to  10GigE for  
Center-to-Center communi cat ions ,  and connect ing major f ie ld  
communicat i on  hubs  to  a  TMC . 

RESILIENT PACKET RING (RPR) 

Fiber opt i c  networks  are w ide ly  dep loyed throughout  the world .  
They are normal ly  dep loyed  in  a  ri ng architecture .  These ri ngs  
are current ly  us ing p rotocols  that  are  neither opt im ized no r  
sca lab le to  the demands of  packet  networks .  An RPR networks  
standard  (IEEE  802 .17)  i s  bei ng  developed to  p rov ide  for th e  
opt imizat i on  of  bandwidth a l l ocat i on  and throughput ,  res i l iency  to  
fau lts .  This  w i l l  a ls o  resu lt  i n  reduced  equ ipment  and  operat iona l  
costs .  

                                                 
14 http://grouper.ieee.org/groups/802/3/ae/objectives.pdf - IEEE 802.3ae committee, July 2001. 
15 http://grouper.ieee.org/groups/802/3/ae/criteria.pdf - IEEE 802.3 High Speed Study Group, 

Criteria 
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The current  SONET standard was  developed to  p rov ide  for the  
eff ic i ent  operat i on  of  f iber opt i c  ri ng networks .  However,  i t s  
p rimary  goa l  was  to  support  c i rcu i t  sw itched networks .  Mov in g  
data in  and out  of  a  SONET network is  very  cumbersome,  and  
requ i res  s i gn i f icant  investment  in  mu lt ip lex ing equ ipment .  
Addit i onal ly ,  SONET is  bandwidth ineff i c ient .  That ’ s  because i t  
i s  a  t rad it i onal  TDM protocol  that  p rov ides  f ixed bandwidth fo r  
data c i rcu i ts  –  even those that  are unused .  The b i ggest  advantage  
of  SONET is  i ts  abi l i ty  to  restore  c i rcu its  w ithin  a  r in g  
architecture .  Communi cat ion  c i rcu its  are  p rov ided  an  a lternate  
path w ithi n  50ms of an  outage due to  phys i ca l  damage .  

RPR is  bei ng deve loped to  support  Packet  Swi tched networks  and  
ut i l i ze the 802 .3 seri es  of  communicat i on  p rotoco ls .  Bandwidth i s  
p rov ided when needed .  RPR a lso  p rov ides  for c i rcu it  restorat io n  
as  effic i ent ly  as  SONET. 

Engi neeri ng  personnel  respons ib le for the  des i gn  and developmen t  
of  Traff i c  and  Freeway management  systems shou ld  l earn  more  
about  RPR .  There  i s  a  s trong l i kel i hood  that  RPR  w i l l  p lay  a  
s ign i f i cant  ro le in  communi cat ion  networks  of  the future .  You  can  
learn  more  by  v is it i ng the fo l low ing web s ites :  

•  The IEEE 802 .17  Working Group  -  
ht t p :/ /g ro uper . i e ee. org /gr o ups /802/17/   

•  The RPR Al l i ance -  htt p :/ /www .r pra l l i an c e .o r g/  

BROADBAND WIRELESS 

IEEE pub l i shed the 802 .16 standard in  Apri l ,  2002 . The standard  
was  developed to  p rov ide for broadband in ternet  access  and t o  
meet  the demand for l ow  cost  (by  comparison  to  t renchi ng )  
dep loyment  of  serv i ces .  The s tandard i s  des i gned to  support  
spectrum in  the 10 to  66  GHz range .  A modi f i ed  s tandard ,  
802 .16a has  a lso  been appro ved to  support  both l i censed  and un-
l i censed spectrum i n  the 2 to  11  GHz range .  

The new standards  are  actua l ly  referred to  as  the “a i r  i n terface”  
for broadband serv i ces .  They are des i gned to  complement  the  
802 .3  w i re l ine standards  and prov ide  for eff i c ient  medi a  
t rans i t ions  in  a  mixed system . There  is  a  need to  be  ab le to  
extend the reach of  broadband in ternet  access  beyond th e  
w i re l ine infrastructure .  DSL for examp le has  a  l imited d istance  
(typ ica l ly  18 ,000 feet  from a  centra l  off i ce) .  Wire less  system s  
are seen as  the answer.  An IP  based w i re l ine system can  b e  
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extended us ing a  w i re less  broadband l i nk  w ithout  changing th e  
communicat i on  p rotocol .  The  trans i t ion  from one medi a  to  th e  
next  i s  seam less .  

Wire less  communi cat ion  l i nks  have been  used  by  many  
Departments  of  Transportat ion  to  connect  remote  dev i ces  to  a  
main  system on a  l im ited bas is .  The C i ty  of  Irv i ng Texas  decided  
to  upgrade it s  ent i re  t raff ic  s igna l  communicat i ons  
infrastructure  to  an  802 .16a standards  based system . The C it y  
was  ori g ina l ly  l ook ing at  a  f i ber communi cat ions  network that  was  
est imated  at  more  than $10 mi l l i on .  The broadband  w i reless  
system is  being imp lemented  (as  this  handbook i s  bei ng  written )  
for l ess  than $750,000 . 

Dedi cated Short  Range Communi cat ions  Systems (DSRC)  are part  
of  the broadband  w i re less  serv i ces .  However,  current  system  
deve lopment i s  based on  the 802 .11a s tandard .  There  i s  a  
d ifference  between the two standards .  802 .11  was  developed as  a  
w i re less  loca l  area network  (LAN) and 802 .16 was  developed to  
support  “f ixed” broadband access .  Both complement  and work  
together w ithin  the overa l l  series  of  802 s tandards .  

DOTs w i l l  cont inue to  l ook at  w i re less  as  part  of  an  overa l l  
te lecommuni cat ion  strategy .  Broadband w i re less  w i l l  p l ay  a  key  
ro le in  the development of  future systems .  

More  informati on  can be found at  the fo l l ow ing web s i tes :  

•  IEEE 802 .16  Committee  -  
ht t p :/ /g ro uper . i e ee. org /gr o ups /802/16/  

•  Worldwide Interoperabi l i ty  for Microwave Access  -  
ht t p :/ /www .w imax for um.or g   

•  Wire less  Communi cat ion  Associat ion  -  ht t p: / /wca i . com/  

 

RADIO FREQUENCY IDENTIFICATION (RFID) 

RFID systems f i rst  appeared  in  the  1980s  for t rack ing and access  
app l i cat ions .  RFID has  been used to  t rack contai ners  mov ing fro m 
ships  to  dock storage to  l and  t ransportat i on .  Manufacturing has  
used RFID to t rack major  parts  ( such as  automobi le  ax les)  
through a  warehouse and onto an  assembly  l i ne .  RFID dev ices  are  
used to  open gates  to  a  park ing lot .  The “ tags ”  used  by  To l l  
Co l l ect ion  Authori t ies  are  a  type of  RFID . 
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Technology  advancements  over the past  20  years  have seen  th e  
deve lopment  of  RFID into a  un iversa l l y  accepted means  of  asset  
t racking and data co l l ect ion .  RFID Tags  have been reduced in  s i ze  
from thei r  or i g ina l  i ncept i on .  Manufacturers  are  begi nn ing t o  
embed the tags  in  many i tems,  and major retai l ers  are start ing to  
requ i re  the tags  to  he lp  p revent  theft .  In  the not  too  d istant  
future ,  t ags  may rep lace bar-cod ing as  the un iversa l  form of  
p roduct  ident if i cat i on .  Theoret i ca l ly ,  a  shopp i ng cart  fu l l  of  
groceri es  cou ld  be scanned w ithout  hav ing to  remove the item s  
from the cart .  A shopper cou ld  pack i tems in to bags  in  the  cart .  
The cart  wou ld  have an  act ive reader that  wou ld  d i sp lay  a  runn i n g  
tota l .  When f in ished,  the shopper cou ld  charge the purchase t o  
an  account  and leave  the  store  w ithout  hav ing to  wait  in  a  
checkout  l ane .  

A major advantage of  RFID dev i ces  i s  that  they  can be embedded  
w ith in  the structure of  an  i tem . The tag act ivates  on  receipt  of  a  
rad io  s i gnal  f rom a reader dev i ce .  A dri vers  l i cense cou ld  have an  
embedded tag  for i nstant  ident if i cat ion .  

RFID Tags  cou ld  be  p laced in  sect ions  of  roadway .  Mai ntenance  
crews  cou ld  be d i rected to  locat ions  that  need repai r  o r  
restorat i on .  Thei r  vehi c le  wou ld  have a  tag reader that  reports  
the comp let ion  of  the repai r .  A po l ice off i cer at  the scene of  an  
accident  cou ld  scan in  an  ident i f i cat ion  tag in  a  damaged sect io n  
of  guardra i l .  The i nformat ion   wou ld  be d i rect ly  reported to  a  
DOT Di strict  maintenance off ice to  schedu le repai rs .  

A number of  organ i zat ions  are  work i ng to  develop  s tandards for  
RFID . More  informat i on  i s  ava i l ab le at  the fo l low ing locat ions :  

•  RFID Standards  –  
ht t p :/ /www .a img lo ba l .o r g/ s t and a rds/ r f i d s tds /RFIDStandard .h tm  

•  RFID Journa l  -  ht t p: / /www .rf i d j o ur n a l .c om/  

 

Conclusions 

Between 1876 and 1986 the most  that  cou ld  be sa id  about  
te lecommuni cat ion  technology  and process  was  that  i t  i s  
cons istent .  In  the l aboratory ,  change was  dramat i c ,  i n  the  f i e ld ,  
change was  very  s l ow .  S ince 1986,  new techno logy  and process  has  
been  introduced  a lmost  as  rap id ly  as  i t  was  deve loped .  
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Carri ers  are  being forced by  the new techno logi es  to  change th e  
way they  do  bus i ness .  The  t rad it i onal  te lephone  companies  are  
now forced to  compete w ith cab le compani es  and w i re less  
companies .  Time-Warner Cab le company i s  effect ively  competei ng  
w ith Veri zon  for t rad i t iona l  te lephone serv ices  w ith th e  
introduct i on of  VoIP .  Many  ind iv idua ls  are  now us ing w i re less  
carri ers  for thei r  p r imary  vo ice telephone serv i ces .  

Al l  of  these changes  w i l l  have a  p rofound impact  on how  
departments  of  t ransportat ion  dep loy  and use technology  fo r  
management of  t raff i c  s i gnal  and freeway management systems .  
The use of  Gigabit  Ethernet  and broadband w i reless  techno logi es  
w i l l  p rov ide s i gn i f icant  imp lementat i on  sav ings  over  current  
systems  techno logi es .  These  same technologies  w i l l  make i t  eas i e r  
to  p rov ide for interoperabi l i ty  between t ransportat i on  agenci es ,  
as  wel l  as  pub l i c  safety  and other muni c ipa l  and  state agenci es .  
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11. APPENDIX 

IEEE 802 Standards & Working Groups 

Table  11 -1 :  IEEE 802  Standards  L is t  

IEEE 802 Standards & Working Groups 

Standard Status 

802.1 Internetworking Active 

802.1d Spanning Tree Protocol Active 

802.1s Multiple Spanning Trees Active 

802.1q VLAN Frame Tagging Active 

802.2 Logical Link Control Inactive 

802.3 Ethernet (CSMA/CD) Active 

802.3u Fast Ethernet Active 

802.3z Gigabit Ethernet Active 

802.3ae 10 Gigabit Ethernet Active 

802.4 Token Bus Inactive 

802.5 Token Ring Inactive 

802.6 Distributed Queue Dual Bus (MAN) Disbanded 

802.7 Broadband Technology Disbanded 

802.8 Fiber Optic Technology Disbanded 

802.9 Voice/Data Integration (IsoEnet) Inactive 

802.10 LAN Security Inactive 

802.11 Wireless Networking Active 

802.11a 54 Meg Wireless Network Active 

802.11b 11 Meg wireless Network  Active 

802.11g 54/11 Meg wireless Network Active 

802.12 Demand Priority Access LAN (100BaseVG-AnyLan) Inactive 

802.14 Cable Modem  Disbanded 

802.15 Wireless Personal Area Network Active 

802.16 Wireless Metropolitan Area Networks Active 

802.17 Resilient Packet Ring Active 

802.18 LAN/MAN Standards Committee Active 
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802.19 Coexistence TAG Active 

802.20 Mobile Broadband Wireless Access Active 

802.21 Interoperability WG Active 

 
 

Comparison Analog Voice & VoIP 

•  Technology  — analog to  d ig i ta l .  VoIP  erases  the l i ne  between  
vo ice and data .  VoIP  converts  analog i nformat ion  (the human  
vo ice)  into  data packets ,  the  same d i g i ta l  containers  used  to  
shutt le  emai l  messages  and download web pages .   

•  Network — PSTN to IP .  A trad it i onal  phone ca l l  stakes  out  a  
s ing le path over the publ i c  sw i tched te lephone network  
(PSTN) .  VoIP uses  Internet  Protoco l ,  the l anguage of  the  
Internet .  It  separates  a  conversat i on  in to  packets ,  wh ich  
f low over data networks  — the Internet ,  company intranets ,  
or p roprietary  IP  networks  managed by  Carri ers  (such  as :  
Veri zon ,  SBC,  Sprint ,  MCI,  etc)  or a lternate serv ice  
p rov iders  (such as :  AOL,  COMCAST, etc .) .  

•  Network connect ion  — phone l i ne to  broadband .  In  a  
t rad it i onal  vo i ce system , desktop  phones  connect  to  the  
outs ide world  v ia  a  telephone l i ne ,  and data  systems connect  
through a data/broadband network .  With VoIP ,  phones  p lug  
into  a  broadband connect ion  (through a  modem or s im i la r  
dev i ce)  or the in-house company LAN.  This  convergence help s  
to  dri ve down costs  by  combin i ng the vo i ce and data  
networks .  

•  Phone  numbers  — p lace to  dev i ce .  In  the p re-VoIP world ,  a  
phone number be longs  to  a  l ocat i on .  Wi th VoIP ,  the number  
goes  w ith the dev i ce .  
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Calculating Fiber Optic Loss Budget 

CRITERIA & CALCULATION FACTORS 

Desi gn  of  a  f iber opt i c  system is  a  ba lanci ng act .  As  w ith any  
system , you  need to  set  cr iteri a  for performance  and then  
determine how to meet  those cr iteri a .  It ’ s  important  to  
remember that  we are  ta lk ing about  a  system that  i s  the sum o f  
i ts  parts .  

Ca lcu lat ion  of  a  system’s  capabi l i ty  to  perform is  based upon a  
long l i st  of  e lements .  Fo l low ing is  a  l i st  of  bas i c  i tems used to  
determine genera l  t ransmiss i on  system performance:  

•  Fiber Loss  Factor -  F iber l oss  genera l ly  has  the greatest  
impact  on  overa l l  system performance .  The f iber s trand  
manufacturer p rov ides  a  l oss  factor i n  terms of  dB per  
ki lometer .  A tota l  f iber loss  ca lcu lat ion i s  made  based  on  
the d istance x  the l oss  factor .  D istance in  th is  case the  
tota l  l ength of  the f iber cab le ,  not  just  the map d i stance .  

•  Type of  f iber -  Most  s ing le mode f ibers  have a  loss  factor  
of  between 0 .25 (@ 1550nm)  and 0 .35 (@ 1310nm)  dB/km.  
Mul t imode f ibers  have a  l oss  factor of  about  2 .5 (@ 850nm)  
and 0 .8 (@ 1300nm)  dB/km . The type of  f iber used i s  very  
important .  Mu lt imode f ibers  are  used w ith L .E .D .  
t ransmitters  which genera l l y  don ’ t  have enough power  to  
t ravel  more  than 1km . Sing le mode f ibers  are  used w ith  
LASER transmitters  that  come i n  vari ous  power outputs  fo r  
“ l ong reach” or “ short  reach”  cr i teria .  

•  Transmitter –  There  are  two bas i c  type of  t ransmi tters  used  
in  a  f iber opt i c  systems .  LASER which  come i n  three  
variet ies :  h i gh,  medium ,  and  low  ( l ong reach,  medium reach  
and  short  reach) .  Overa l l  system des i gn  w i l l  determine wh ich  
type i s  used .  L .E .D .  t ransmi tters  are  used w ith mu lt imode  
f ibers ,  however,  there  i s  a  “h igh power”  L .E .D .  whi ch can  be  
used w ith Sing le mode f iber .  Transmitters  are  rated  in  
terms of  l i ght  output  at  the connector,  s uch as  -5dB . A  
t ransmitter i s  typ ica l ly  referred to  as  an  “emi tter” .  

•  Receiver Sens it i v i ty  –  The abi l i ty  of  a  f i ber opt i c  rece i ver  
to  see a  l i ght  source .  A receiv ing dev i ce needs  a  cert ain  
min imum amount  of  recei ved l ight  to  funct ion  w i th in  
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specif i cat ion .  Receivers  are rated i n  terms  of  requ i red  
min imum leve l  of  recei ved  l i ght  such as  -28dB . A recei ver  i s  
a lso  referred to  as  a  “detector” .  

•  Number and type of  sp l ices  –  There  are  two types  of  sp l i ces .  
Mechani ca l ,  whi ch use a  set  of  connectors  on  the ends  of  the  
f ibers ,  and  fus ion ,  whi ch  i s  a  phys i ca l  d i rect  mat i ng  of  the  
f iber ends .  Mechani ca l  sp l i ce  loss  i s  genera l ly  ca lcu lated in  a  
range of  0 .7  to  1 .5  dB per  connector .  Fus ion  sp l i ces  are  
ca lcu lated at  between 0 .1  and 0 .5 dB per sp l i ce .  Because  of  
thei r  l imi ted l oss  factor,  fus ion  sp l ices  are  p referred .  

•  Marg in  –  This  i s  an  important  factor .  A system can ’ t  be  
des i gned based on  s imp ly  reaching a  receiver w ith the  
min imum amount  of  requ i red  l ight .  The l ight  power budget  
marg in  accounts  for aging  of  the f iber,  agi ng of  the  
t ransmitter and recei ver components ,  add it i on  of  dev i ces  
a long the cab le path ,  inc identa l  tw ist i ng and bendi ng  of  the  
f iber cab le ,  add it iona l  sp l i ces  to  repai r  cab le breaks ,  etc .  
Most  system des igners  w i l l  add a  loss  budget  marg in  of  3  to  
10 dB 

CALCULATING A “LOSS BUDGET” 

Let ’ s  t ake a  l ook at  typ i ca l  s cenari o  where  a  f i ber opt i c  
t ransmiss ion  system wou ld  be  used .  

Two operat i on  centers  are  l ocated about  8 mi les  apart  based on  
map d is tance .  Assume that  the p rimary  communicat i on  dev ices  a t  
each center i s  a  w ide area  network capable router w i th f iber  
opt i c  communi cat ion  l i nk  modu les ,  and  that  the centers  are  
connected by  a  f iber opt i c  cab le .  The actua l  measured d istance  
based  on  wa lki ng  the  route  ,  i s  a  tota l  measured length ( i nc lud in g  
s lack  co i l s )  of  9  mi les .  There are no addit i onal  dev ices  i nsta l led  
a long the cab le  path .  Future  p lann ing p rov ides  for the i nc lus ion  of  
a  freeway management system communi cat ion  l i nk  w ithin  5  years .  

Note:  Al l  d istance measurements  must  be converted to  
ki lometers .  F iber cable i s  norma l ly  shipped w ith a  maximum ree l  
length of  15 ,000 feet  (or 4 .5km) .  9  mi l es  i s  about  46,000 feet  o r  
14 .5km . Assume that  this  system w i l l  have at  l east  4  mid-span  
fus ion  sp l ices .  

 

Table  11 -2 :  F iber  Loss  Budget  Ca lcu la t ion  
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Fiber  Loss  14 .5  km x  .35dB -5 .075 

Fus ion  sp l i ce  Loss  4  x  .2dB - .8  

Terminat ing  

Connectors  

2  x  1 .0dB -2 .0  

Marg in   -5 .0  

Tota l  F iber  Loss   -12 .875 

The manufacturer of  the router offers  three  
t ransmitter/rece iver opt i ons  for s ing le mode f iber:  

Reach Transmit  Power  Rece iver  

Sens it i v i ty  

Short  -3dBm -18dBm 

Intermediate  0dBm -18dBm 

Long +3dBm -28dBm 

To determine the correct  power opt i on  add the t ransmit  power t o  
the f iber loss  ca lcu lat i on .  

Reach Transmit  Power  F iber  Loss  Loss  Budget  

Short  -3  -12 .875 -15 .875 

Intermediate  0  -12 .875 -12 .875 

Long +3  -12 .875 -9 .875 

Compare this  to  the receiver  sens it iv i ty  speci f icat i on  

Reach Rece iver  

Sens it i v i ty  

Loss  Budget  Difference  

Short  -18  -15 .875 +3 .0  

Intermediate  -18  -12 .875 +6 .0  

Long -28 -9 .875 +19 .0  
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Because a  l oss  margi n  of  5 .0dB was  inc luded in  the f iber loss  
ca lcu lat ion ,  the short  reach  opt i on  w i l l  p rov ide suff i c ient  
capabi l i t y  for this  system .  In  fact ,  the tota l  marg in  i s  8 .0d b  
because the d ifference between the l oss  budget  and receive r  
sens it iv i ty  i s  3 .0db .  
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Good afternoon Chairman Reid, Ranking Member Inhofe, and members of the Committee.  I 
would like to begin by thanking you for this opportunity to share our views and perspective on 
Intelligent Transportation Systems and specifically Advanced Rural Transportation Systems or 
rural ITS.   
 
My name is Stephen Albert, I am the director of the Western Transportation Institute at Montana 
State University.  WTI’s mission is to “make rural travel and transportation safer, more 
convenient and more accessible.”  Founded in 1994 by the California Department of 
Transportation, Montana Department of Transportation and MSU, WTI is the nation’s leading 
research Center focusing on rural transportation issues.   With over 30 ongoing research, 
demonstration and evaluation projects in 30 states and 10 National Parks, WTI was recognized in 
1998 by ITS America for our “outstanding achievement in rural ITS.”  In addition to serving as 
WTI’s director I also serve as the Rocky Mountain ITS America Chapter president. 
 
I am here representing not only western states, but the entire rural community and we thank each 
of you for raising awareness of rural America transportation needs and ITS applications. My 
testimony was developed from speaking with stakeholder groups on the east coast, southern 
United States, mid-west and Alaska.   
 
My testimony will address the following three areas:  

• magnitude and severity of rural transportation challenges facing this nation; 
• specific examples and benefits of successful ITS deployment; 
• future focus areas where additional emphasis and resources should be placed.  

 
 
1.  What are the Rural Challenges? 
For the last ten years the rural constituents have heard our transportation leaders highlight 
congestion as our nation’s leading challenge.  Programs such as Operation Time Saver, Model 
Deployment Initiative and other urban initiatives have been the showcase of USDOT.  However, 
these showcase programs have little, if any, direct application to approximately eighty-percent 
(80%) of our nation’s surface roads, or roughly four million miles of roadway.  Unlike urban 
areas that have congestion as the primary single issue, rural needs are more diverse, complex and 
only tangentially congestion-related.  So what are the rural challenges? 
 
1.1  Safety and Non-Interstate Roadways 
In rural areas safety is of paramount importance. According to Federal Highway Administration 
(FHWA) statistics, sixty-percent (60%) of the crash fatalities occur on rural highways, while 
only 39% of the vehicle miles traveled occur on these roads – a disproportionate relationship.  
These combined facts make rural crash rates 2.5 times greater than urban areas.  Furthermore, 
single vehicle crashes on 2-lane rural roads accounted for 54% of all rural crashes in 1998.   
 
1.2  Digital Divide – no wireless communication coverage 
Vast rural areas of the United States are without wireless communications, which impacts safety 
and increases infrastructure deployment costs.  Preliminary research conducted by WTI in five 
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western states indicates that the notification time to learn of a crash is two to three times longer 
where no wireless communication exists, and near jurisdictional borders. 
  
1.3  Weather Impacts Every Day Life 
Weather can be deadly in many regions of the United States.  According to FHWA, there are 
approximately 7,000 fatalities and 450,000 persons injured each year due to weather related 
events.    
 
1.4  Tourism and Economic Viability   
Tourism is a critical concern to the economic viability of many rural communities.  Travel and 
tourism in the United States is the nation’s largest export industry and second largest employer, 
accounting for over $515 billion in expenditures, resulting in 7.6 million jobs and accounting for 
1.3 billion domestic trips.  An efficient transportation system is essential to rural communities 
who depend on tourism revenues for their survival.  Providing real-time information to tourists, 
via ITS, is the key to encouraging greater tourist activity in rural areas and enhancing their 
economies.  
 
1.5  Federal Lands, National Parks and Native Americans 
In order to provide a framework on the impact of the National Parks, consider the following 
statistics: 
Scale – 374 parks in 49 states, 18 million acres; 
Employees – 19,200; 
Economic activity - $14 billion, supporting 309,000 jobs; and 
Visitation – 266 million visitors, demand increasing 500 percent over the next 40 years.   
 
The second area is our sovereign Native American lands where safety, economic viability and 
transportation are the key issues.  Research has shown that Native Americans die in motor 
vehicle crashes at rates six times that of the rest of the Nation and 3/4 of Native American traffic 
fatalities involve alcohol.  Also, only 29% of tribes have any form of transit system.   
 
1.6  Animal Conflicts  
Each year there are approximately 726,000 animal-vehicle crashes.  These crashes rarely result 
in fatalities but at approximately $2000 per incident in property damage the annual cost 
nationally amounts to over $1 billion.   
 
1.7  Public Mobility 
According to the Federal Transit Administration, approximately 38 percent of the rural 
population has no access to public transportation and another 28 percent has little access.  Low 
population density in rural service areas makes it difficult at best to deliver public transit 
services.   
 
1.8  Commercial Vehicles, Goods Movement and Long-distance Trips 
The movement of goods is critical to the economy of the United States and the rural Interstate 
System is an essential component in the process.  Rural interstates are, in essence, the arteries 
over which flow the goods to be distributed to citizens throughout the country.  On many rural 
highways, 30 percent of traffic is commercial vehicles, and their numbers continue to grow.   
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1.9  Diversity and Understanding 
Rural areas are challenged in that there are few issues and application similarities among 
different locations and regions (i.e. Cape Cod, Mass, Brandon, VT and Eureka, CA).   
I believe very strongly that now is the time for USDOT to step up to the plate and provide a level 
playing field and provide adequate resources to respond to rural transportation needs by 
providing sufficient funding and guidance that urban areas have enjoyed over the last several 
years. 
 
2.  Advanced Rural Transportation Systems Success Stories 
Now, having made that last statement, I do want to recognize a number of success stories that 
have taken place in rural areas. 
   
2.1  Crash Prevention and Security 
Colorado DOT has implemented a dynamic downhill speed warning system on I-70 west of 
Denver, outside the Eisenhower Tunnel.  The system measures truck speeds, weight, and number 
of axles and advises the driver of the appropriate speed. The truck speed warning system was 
installed on a narrow curve that has a design speed of 45 mph.  The average truck speed around 
this curve has dropped from 66 mph to 48 mph since the installation of the warning system. The 
system has eliminated approximately 20 truck runaways and 15 truck related crashes per year.  
California DOT has implemented a similar speed system for passenger cars and trucks near 
Redding California along I-5 in Sacramento Canyon.  
 
2.2  Emergency Services 
Virginia DOT sponsored the Northern Shenandoah Valley Public Safety Initiative to enhance the 
collection and communication of critical accident victim patient data between the on-scene 
emergency medical personnel and the receiving hospital through the use of hand-held portable 
digital assistance devices.  Use of the off-the-shelf PDA’s has improved patient outcome, 
improved on-scene, en-route and emergency room patient services, improved data collection, all 
in addition to incident management coordination.   
 
2.3  Tourism and Traveler Information 
As you know our National Parks are experiencing increasing visitation and traffic congestion.  
The Yellowstone National Park Smart Pass will provide frequent users and local residents with 
an electronic pass and a designated lane at entrance gates to bypass congestion.  Similar systems 
are being implemented in Rocky Mountain and Zion National Parks. 
 
2.4  Traffic Management 
The Arizona DOT and Oregon DOT utilize the internet whereby organizations can enter road 
closure, lane restrictions, unsafe road conditions, and parking information into the system and all 
agencies can view the status of those conditions. The ODOT TripCheck system includes images 
from closed circuit cameras at mountain passes and other locations.  During the peak usage the 
number of users have exceeded 350,000 per month.      
 
2.5  Surface Transportation and Weather 
Accurate road and weather information can mean the difference between life and death.   
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The Greater Yellowstone Weather and Traveler Information System will integrate a mountain 
pass pavement temperature prediction model, and a road and weather condition information 
system that delivers trip-specific weather forecast and road reports via cellular telephone by 
dialing #SAFE.  The #SAFE system will provide road and weather information 40 to 60 miles 
(or 1 to 1 ½ hours travel time) ahead of the direction of travel.  The #SAFE system has been used 
by over 300,000 motorists, with a monthly average of 16,000 per month and the median use of 
the system is 25 times per year mostly in the winter.   
 
2.6  Operations and Maintenance 
In California and Arizona, the state DOTs have instrumented snowplows and the mountain pass 
roadways with technologies to allow for vehicle tracking in the roadway for lane guidance and 
collision avoidance systems to warn motorists of close proximity.    
 
3.  What are the Future Needs? 
While there have been success stories as highlighted by my previous testimony, there are some 
very real gaps and opportunities that must be addressed.  As I mentioned earlier, USDOT has 
predominately concentrated on urban ITS and discounted the need to address rural challenges in 
any realistic programmatic level.  To quote one DOT Chief Engineer, “the highest use is not 
necessarily the highest need.”  The time to address rural needs has arrived and we need federal 
leadership and commitment. The following recommendations are proposed from rural ITS 
constituents around the country. 
 
3.1  Conduct Outreach and Professional Capability Building Seminars 
Given that federal dollars to develop Early Deployment Plans were only available to urban areas 
with populations over 50,000 and guidelines exist that regionally significant projects need to 
develop regional architecture, there should be a commitment to provide outreach and training in 
rural areas more than at just a statewide level.  Also, it is important that these outreach and 
professional capability building activities occur in rural communities where stakeholders live 
rather than large urban centers. 
 
3.2  Integrate Funding and Increase Awareness  
To integrate funding and increase awareness of opportunities, it is recommended that a blue-
ribbon committee be formed to create a one-stop shopping process or even a clearinghouse, 
develop an awareness program for rural funding opportunities, review the project initiation 
approval process, and determine if a block-grant approach may be more feasible for ITS 
deployment that would horizontally cut-across federal agencies. 
 
3.3  Improve Communications Coverage to Provide a Basic Level of Detection, Increased Safety 
and Reduced Deployment Cost 
If we are to manage our rural roadways in a safe and prudent manner then some level of basic 
infrastructure to detect problems and a communication system to transmit that data must be 
created and funded.    Rural America has large pockets of  “dead zones” (no cellular wireless 
service).  A new or improved model needs to be developed to increase communications 
coverage.  This new model may be similar to the Rural Utility Service but at a minimum it may 
require a federal subsidization for private carriers that cannot achieve the return on investment 
that the high volume urban subscriber models deliver.   
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3.4  Develop Regional Projects and Partnerships 
Travelers do not see the jurisdictional state boundaries, nor do they care, and yet most ITS 
projects are developed with only a single state in mind.  Regional scale projects focused on the 
travel sheds that motorists use need to address a national system and to encourage public-private 
partnerships to develop the economies of scale needed to minimize risk.   
 
3.5  Implement Regional Servers for Data and Information Exchange between Stakeholder 
Groups 
To accelerate the ability to exchange data and information to provide for communication, 
cooperation and coordination, funds should be allocated to implement regional “internet” based 
servers throughout the 50 states.   
 
3.6  Increase Research Funding and Provide for More Adaptive Standards 
To date there has been only a marginal amount of research as to the quantified benefits of rural 
ITS.   Funding for research, specifically targeted for rural ITS, should be set aside to allow for a 
more robust evaluation of current and planned deployment.      
 
3.7  Create a Rural Model Deployment Initiative 
If the USDOT truly wants to take a leadership role, then an opportunity I recommend is to create 
a Rural Model Deployment Initiative similar to the Metropolitan Model Deployment Initiative, 
but concentrated on a more regional/rural scale. 
 
3.8  Build on Successful Tourism Partnerships to Create Jobs 
Tourism is the economic engine of rural America!  To allow ITS to be more effective the focus 
and attention toward tourism partners that may ultimately be the implementers of ITS must be 
increased to spur economic activity and create jobs.   
 
 
In closing, while there are isolated success stories that can be highlighted, there are still many 
challenges yet to be addressed.  In keeping to the rural spirit, the Subcommittee and USDOT 
have an opportunity to be “pioneers” in making a renewed rural ITS commitment.  As we like to 
say in the West – Our forefathers were pioneers, not settlers!   
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GLOSSARY 

1000Base-LX 
Gigabit Ethernet transmitted over fiber 
using long wave laser transmitters 

1000Base-SX 
Gigabit Ethernet transmitted over fiber 
using short wave laser transmitters 

1000Base-T Gigabit Ethernet over twisted pair. 

100Base-FX 
100 Mbps Fast Ethernet system based on 
4B/5B signal encoding transmitted over 
fiber optic cable. 

100Base-T 
Term used for the entire 100 Mbps Fast 
Ethernet system, including both twisted-
pair and fiber optic media types. 

10Base2 

10 Mbps Ethernet system based on 
Manchester signal encoding transmitted 
over thin coaxial cable. Also called Thin 
Wire and Cheapernet 

10Base5 

10 Mbps Ethernet system based on 
Manchester signal encoding transmitted 
over thick coaxial cable. Also called Thick 
Net 

10Base-F 
10 Mbps Ethernet system based on 
Manchester signal encoding transmitted 
over fiber optic cable. 

10Base-T 
10 Mbps Ethernet system based on 
Manchester signal encoding transmitted 
over Category 3 or better twisted-pair cable

802.1 

IEEE Working Group for High Level 
Interfaces, Network Management, Inter-
networking, and other issues common 
across LAN technologies 

802.3 
IEEE Working Group for Carrier Sense 
Multiple Access/Carrier Detect Local Area 
Networks. 

802.11 
IEEE standards for low power, short range 
wireless LAN. Also referred to as Wi-Fi. 

802.15  

802.16  

802.17  

802.20  

Address 

A unique identification of a device attached 
to a network. The address can used to 
identify  either a specific location such as a 
port on a switch, or a specific device. 
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ADSL 

Asymmetric Digital Subscriber Line. Most 
common form of DSL where the data rate 
being transmitted to the subscriber is high 
than the data rate transmitted from the 
subscriber. 

Aerial Cable. 
A cable suspended in the air on poles or 
other overhead structures 

Alternating Current (AC) 
Electric current that continually reverses 
its direction. It is expressed in cycles per 
second (hertz or Hz). 

Analog 

A signal that varies continuously such as a 
sound wave. Analog signal have 
frequency and bandwidth measured in 
hertz. 

ANSI American National Standards Institute 

APPA American Public Power Association. 

ASTM 
American Society of Testing and 
Materials. 

ATM 

Asynchronous Transfer Mode. A digital 
transmission  switching format with cells 
(packets) of a fixed length to help 
facilitate voice and video transmission. 

Attenuation 

Power loss in an electrical or 
telecommunications system. In cables, 
expressed in dB per unit length, usually 
dB per 1000 feet, or per kilometer. This 
term is also used to express loss in fiber 
optic cable. 

AWG 

Abbreviation for American Wire Gauge. 
Based on a circular mil system. 1 mil 
equals .001 inch. Used to determine the 
size of conductors. 

Backbone 

A transmission network that carries high 
speed telecommunications between 
locations. This is normally the main 
portion of a telecommunication network, 
with branches going to individual 
buildings. In a local area network, this is 
usually the link between routers, switches, 
and bridges. 

Balun 
An adapter for connecting an unbalanced 
coaxial transmission line to a balanced 
two-wire system. 
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Band Marking 
A continuous circumferential band applied 
to a conductor at regular intervals for 
identification. 

Bandwidth 
The information carrying capacity of the 
system. In analog systems, this is also the 
highest frequency that can be carried.  

Baud 

The number of signal level transitions per 
second in digital data. The term is often 
confused with bits per second. 
Telecommunications specialists prefer to 
use "bits-per-second" to provide an 
accurate description. 

BER 

Bit Error Rate. The number of bit errors 
that occur within the space of one second. 
This measurement is one of the prime 
considerations in determining signal 
quality. The higher the data transmission 
rate the greater the standard. A DS-1 
signal is considered acceptable with a 
BER of 10-6, but an OC-3 signal requires 
a BER of no more than 10-12. 

Bps 
Bytes per second. Term used by software 
engineers to describe bandwidth. 

bps 
Bits per second. Term used by 
telecommunication engineers to describe 
bandwidth. 

Bridge 

A device that allows multiple 
communication circuits to use a common 
circuit. Only one circuit can be connected 
to the common at any given moment 

Broadband 
Generally used to describe data 
transmission requirements of greater than 
128 Kbps. 

Broadcast Transmission 
Sending the same signal to many 
locations. 

Building Wire 

Insulated single conductors, 600 volts, 
used for supplying power for lighting, 
operating machinery, controls, etc. 
Usually installed through conduits/trays 
inside buildings. 

Bundle 
A group of wires (or fiber strands) 
contained within a single wrapper.  
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Bus 
An electrical transmission path for 
carrying information, usually serving a 
shared connection for multiple devices. 

Byte Eight bits of data.  

Cable 
A group of individually insulated 
conductors in twisted or parallel 
configuration, with an overall outer jacket.

Carrier Hotel 

A large building where communication 
carriers place equipment to provide 
connections between their respective 
systems . 

Carrier Sense 

Carrier Sense is the process used by 
devices on Ethernet to determine whether 
the cable is currently being used by a 
transmitting station. If electrical signals 
are detected on the cable, then carrier has 
been detected and a station is currently 
transmitting on the cable 

Category 5 

Commonly referred to as "Cat 5". A type 
of twisted pair copper cable that meets 
standards for transmitting high speed 
signals. 

CATV 
An acronym for Community Antenna 
Television. 

CCITT 

International Consultative Commission on 
Telephone and Telegraph, an arm of the 
ITU (International Telecommunications 
Union) a standards setting body. 

CCTV Closed Circuit Television. 

Central Office 

Commonly referred to as a "CO". A 
telephone company facility for switching 
signals among local telephone circuits. 
Also called a "Switching Office".  

Certificate of Compliance (C of C) 
A certificate showing that the product 
being shipped meets customer's 
specifications. 

Certified Test Report (CTR) 

A report providing actual test data on a 
cable. Tests are normally run by a Quality 
Control Department, which shows that the 
product being shipped conforms to test 
specifications. 

Coaxial Cable 
A cable consisting of two conductors with 
a common axis, separated by a dielectric. 
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Collision 

A collision is a condition where two 
devices detect that the network is idle and 
end up trying to send packets at exactly 
the same time (within 1 round-trip delay). 
Since only one device can transmit at a 
time, both devices must back off and 
attempt to retransmit again. 

Color Code 
A system for circuit identifications 
through use of solid color insulations 
and/or contrasting tracers. 

Composite Cable 
A cable containing more than one gauge 
size or a variety of circuit types, e.g., 
pairs, triples, quads, coaxials, etc. 

Conduit 
A tube through which insulated wires and 
cables are run. 

Connector 
A device mounted on the end of copper, or 
fiber optic cables to facilitate link of the 
cables. 

Control Cable 
A multiconductor cable made for 
operation of control or signal circuits. 

Cord A small, flexible insulated cable. 

Core 

In cables, a component or assembly of 
components over which additional 
components (shield, sheath, etc.) are 
applied. 

CPE (Construction Term) 
Jacketing compound based on chlorinated 
polyethylene. 

CPE (Network Term) 
Customer Premise Equipment - a term 
used by telephone companies to identify 
equipment owned by a customer 

Crosstalk 

Signal interference between nearby 
conductors caused by pickup of stray 
energy. It is also called induced 
interference. 

Crosstalk 
The unwanted transfer of a signal from 
one circuit to another. 

CSMA/CD 

Carrier Sense Multiple Access/Collision 
Detect. The formal name for the medium 
access control (MAC) protocol used in 
Ethernet. 

CWDM Coarse Wave Division Multiplexing 
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Cycles Per Second 
CPS. The frequency of a wave, or the 
number of oscillations it makes persecond. 
One cycle per second equals one hertz. 

Dark Fiber 

Optical fiber installed without a 
transmitter or receiver. These fibers are 
the un-used fibers in a cable. Some fibers 
are held in reserve for future requirements. 
Others are often leased to different carriers 
(or large customers) for use in their 
individual systems. 

Data Link 
A data communications connection 
between two points. 

Data Link Layer 

Layer 2 of the OSI reference model. This 
layer takes data from the network layer 
and passes it on to the physical layer. The 
data link layer is responsible for 
transmitting and receiving Ethernet 
frames, 48-bit addressing, etc. It includes 
both the media access control (MAC) 
protocol and logical link control (LLC) 
layers. 

dBm Decibels below 1 mW (milliwatt) 

dBu Decibels below 1 uW (microwatt) 

DCE 

Data Communications Equipment. Any 
equipment that connects to Data Terminal 
Equipment (DTE) to allow data 
transmission between DTEs. A modem is 
a type of DCE. 

Decibel (dB) 

A unit to express differences of power 
level. Used to express power gain in 
amplifiers or power loss in passive circuits 
or cables. Also, a logarithmic comparison 
of two power levels, defined as ten times 
the base ten logarithm of the ratio of the 
two power levels. 

Dielectric Nonconductive material 

Dielectric Strength 

The voltage which an insulation can 
withstand before breakdown occurs. 
Usually expressed as a voltage gradient 
(such as volts per mil). 

Digital 
An encoded signal. Normally encoded in 
discrete levels to represent a binary signal 
of ones and zeros. 
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Digital Subscriber Line 

DSL. A service that transmits digital 
signals (to homes and small offices) via 
the existing copper wire used for voice 
transmissions. 

Direct Burial Cable A cable installed directly in the earth. 

Direct Current (DC) 
An electric current which flows in only 
one direction. 

Drain Wire 

In a cable, the uninsulated wire in intimate 
contact with a shield to provide for easier 
termination of such a shield to a ground 
point. 

DSSS 
Direct Sequence Spread Spectrum – One 
of two types of spread spectrum radio 
transmission 

DTE 
Data Terminal Equipment. Any piece of 
equipment at which the communication 
path begins or ends. A PC is DTE. 

Duct 

An underground or overhead tube through 
which electrical conductors are pulled. 
Gives mechanical protection. EIA. 
Electronic Industries Association. 

Duplex 

A bi-directional transmission of the 
transmit and receive elements of a 
communication signal occurring 
simultaneously. 

DWDM Dense Wave Division Multiplexing 

EIA/TIA 568 

This is the color-code connection standard 
for an RJ-45 (8 conductor) connector. 
There are two wiring standards: 568A and 
568B. The only difference between the 
two is that two pairs of colors are 
swapped. The 568B is an older standard 
defined by AT&T. All new installations 
are supposed to use 568A. What really is 
important is that everything be consistent 
in all your wiring. Otherwise, you'll get 
yourself confused. Note that the difference 
is only in what color is used for what pin, 
not what signal is on what pin, so in a 
patch cable with both ends pre-wired, it 
doesn't matter. 

Electricity 
The energy produced by the flow of ''free'' 
or valance electrons moving from one 
atom to another in a conductor. 
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E&M Signaling 

Ear (receive) and Mouth (transmit), a 
signal outside of the voice frequency 
range that can be used to activate a fuction 
in a telephone switch. 

EMI 

Electromagnetic Interference. The noise 
generated when stray electromagnetic 
fields induce currents in electrical 
conductors. 

Encoding 
A means of combining clock and data 
information into a self synchronizing 
stream of signals. 

Ethernet A local area network standard. 

F.D.D.I.  Fiber Distributed Data Interface. 

Facilities 
Term used by telecommunication 
engineers to indicate communications 
systems 

FHSS 
Frequency-Hopping Spread Spectrum – 
One of two types of spread spectrum radio 
transmission 

Fiber Optics 

A light wave or optical communications 
system in which electrical information is 
converted to light energy, transmitted to 
another location through optical fibers, 
and is there converted back into electrical 
information. 

Figure 8 Cable 

An aerial cable configuration in which the 
conductors and the steel strand which 
supports the cable are integrally jacketed. 
A cross section of the finished cable 
approximates the figure 8. 

Filled Cable 

A cable construction in which the cable 
core is filled with a gel material that will 
prevent moisture from entering or passing 
through the cable. 

Frame 

A packet of transmitted information. The 
frame contains all of the necessary 
information to indicate the origin and 
destination, control information and the 
actual data. 

Frequency Division Multiplexing 

FDM. Combining analog circuits by 
assigning each a different carrier 
frequency and merging them into a single 
communication signal. 

FTTC Fiber-to-the-Curb 
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FTTH Fiber-to-the-Home 

Full Duplex 
Transmitters and receivers simultaneously 
send and receiver signals in both 
directions on the same pair of wires. 

FXO Foreign Exchange Office 

FXS Foreign Exchange Station 

Gauge 
A term used to denote the physical size of 
a wire. 

Gbps 
Giga bits per second, or Gbit/s. One 
billion bits persecond. 

GHz 
Giga Hertz. One billion hertz, or cycles 
per second. 

Ground 

A conducting connection between an 
electrical circuit and the earth or other 
large conducting body to serve as an earth 
thus making a complete electrical circuit. 

Half Duplex 
Transmitters and receivers send or receive 
on the same pair of wires. 

HDTV 
High definition (or high resolution) 
television 

Hertz Frequency in cycles per second 

Hierarchy 
A set of transmission speeds arranged to 
multiplex a  successively higher number 
of circuits. 

Homerun 

A cable run that goes directly from a jack 
in a wall plate to a centralized position 
(patch panel). There are no stops or 
interruptions between the 2. 

Hub 

Hubs act as the center of a "star" topology. 
They have between 4 and 20+ ports. 
Internally, hubs are "dumb" devices that 
just resend information they receive. All 
devices attached utilize a part of the rated 
speed, be it 10 or 100Mbit/sec. Hubs 
know nothing about a packet's destination. 
Therefore, hubs are generally the cheapest 
connecting device in a star topography, 
although for a busier network, switches 
are more robust. 

Hybrid Cable 

A cable design to meet many 
requirements. Most commonly, hybrid 
cables will contain a mixture of twisted-
pair and coaxial, or coaxial and fiber. 
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IAEI 
International Association of Electrical 
Inspectors. 

IBEW 
International Brotherhood of Electrical 
Workers. 

ICEA 
Insulated Cable Engineers Association 
(Formerly IPCEA). 

IEC 
Independent Electrical Contractors 
association. 

IEEE 
Institute of Electrical and Electronics 
Engineers. 

IMSA 

International Municipal Signal 
Association. Publishes specifications for 
cables and wires used in municipal, 
county, and state Traffic Signal, 
Communication and Fire Alarm systems. 

Inside Plant 
Telecommunications facilities placed 
inside a building. 

Insulation 
A material having high resistance to the 
flow of electric current. Often called a 
dielectric. 

Internet 
The worldwide collection of networks 
based on the use of TCP/IP network 
protocols. 

Intranet 
A collection of networks supporting a 
single site or corporate entity. 

IP 
Internet protocol. Standard format for 
transmitting data via the internet. 

ISA Instrument Society of America. 

ISDN 

Integrated Services Digital Network. A 
digital transmission standard using 144 
kbps containing two 64 kbps voice 
channels and one 16 kbps data channel. 

ISO International Standards Organization. 

ITE Institute of Transportation Engineers 

IUEW International Union of Electrical Workers.

Jacket 
An outer covering, usually nonmetallic, 
mainly used for protection against the 
environment. 
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Jitter 

Also called phase jitter, timing distortion, 
or inter-symbol interference. The slight 
movement of a transmission signal in time 
or phase that can introduce errors and loss 
of synchronization. The amount of jitter 
will increase with longer cables, cables 
with higher attenuation, and signals at 
higher data rates. 

LAN 

Local Area Network. Integration of 
computer and communication systems that 
wire computers, peripheral equipment and 
telephones together so they can all ''talk'' 
to each other. 

LASER 
Light Amplification by Stimulated 
Emission of Radiation. 

LED 
Light Emitting Diode. A semiconductor 
that emits light. 

Light guide An optical fiber bundle. 

Longitudinal Shield 
A tape shield, flat or corrugated, applied 
lengthwise with the axis of the core being 
shielded. 

Loose Tube 
A protective tube loosely surrounding 
fiber strands. The tube may be filled with 
gel to protect against moisture infiltration. 

Loss 
Attenuation of an optical or electrical 
signal, normally measure in decibels 

Loss Budget 
An accounting of overall attenuation in a 
system. The budget is the amount of 
acceptable loss. 

MAC 
Media Access Control. A portion of the 
Ethernet frame. that 

MAN 

Metropolitan Area Network. Backbone 
system deployed in metropolitan areas to 
connect Telephone Companies, Carriers, 
Carrier Hotels, and large office buildings. 

Margin 
Allowance for attenuation (or loss) in 
addition to that explicitly accounted for in 
a system design. 

Mbps 
Megabits per second. Also expressed as 
Mbit/s. 
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Messenger Cable 

The linear supporting member, usually a 
high strength steel wire, used as the 
supporting element of a suspended aerial 
cable. The messenger may be an integral 
part of the cable, or exterior to it. 

Microbending 

Tiny bends in fiber that allow light to leak 
out and increase loss. microbending 
occurs during installation and is usually 
unavoidable. Loss budget margins should 
account for microbending. 

Mil 

A unit used in measuring the diameter of a 
wire or thickness of insulation over a 
conductor. One one-thousandth of an inch. 
(.001") 

Modal Dispersion 
Dispersion arising from differences in the 
times that different modes take to travel 
through multimode fiber. 

Mode 

An electromagnetic field distribution that 
satisfies theoretical requirements for 
propagation in a waveguide. Light has 
modes in a fiber. 

MODEM Modulator-Demodulator 

Modem 

A device used to convert signals from one 
form to another. It can be used to convert 
the output of a computer to a voice 
channel equivalent, or an electrical signal 
to an optical signal. 

Multimode Transmits multiple modes of light. 

Multiplexer 
A device that combines many 
communication circuits into one circuit 

MUX Abbreviation for Multiplexer 

NAED 
National Association of Electrical 
Distributors. 

Nanometer 
A unit of measurement, 10-9 meters. Light 
wave frequencies are stated in nanometers.

NAPE National Association of Power Engineers. 

NEC 

National Electric Code. A standard 
published by the National Fire Protection 
Association (NFPA) and incorporated in 
OSHA (Occupational Safety and Health 
Act) regulations. 

NECA 
National Electrical Contractors 
Association. 
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NEMA 
National Electrical Manufacturers 
Association. 

Network 
A system of cables or wireless pathways 
that link communication nodes. 

NFPA National Fire Protection Association. 

NIC 
Network Interface Card. This is the 
interface between a computer (or other 
device) and the Ethernet network. 

Node 
A communication point usually comprised 
of communication devices. 

NRECA 
National Rural Electric Cooperative 
Association. 

NRZ 

Non-Return-to-Zero. An electrical 
communication signal which uses a "low" 
signal for zero and a "high" signal for one. 
The electrical signal value never reaches 
zero. 

NTSC 
National Television System Committee. 
Analog video broadcast standard used in 
North America.  

O.D. Outside diameter. 

OC-x 
Optical Carrier rate specified for SONET; 
OC-3, OC-12, OC-48, etc. 

OFDM 

Orthogonal Frequency Division 
Multiplexing – a frequency division 
modulation technique for transmitting 
large amounts of digital data over a radio 
wave. OFDM works by splitting the radio 
signal into multiple smaller sub-signals 
that are then transmitted simultaneously at 
different frequencies to the receiver. 

Ohm 
Unit of resistance such that a constant 
current of one ampere produces a force of 
one volt. 

OSI Open Standards Integration 

OTDR 

Optical Time-Domain Reflectometer. An 
instrument that measures transmission 
characteristics by sending a short pulse of 
light down a fiber and measures the 
reflected light pattern. 

Outside Plant 
Telecommunication facilities that are 
placed outside of a building. 
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P.O.P 
Point of Presences - A location of 
telecommunication carrier equipment 

P.O.T.S. 
"Plain Old Telephone Service" - a 
reference to basic voice telephone service 

Packet 

A technique used to break large quantities 
of data into small groups, or packets, to 
facilitate transmission with very few 
errors. 

Packet Switch 

A switch that moves data packets from 
multiple transmissions and provide for 
efficient sharing of communication 
facilities. 

Patch Cable (Cord) 

A twisted-pair, or fiber optic jumper cable 
used to make a connection between a 
network interface, or network port, and a 
media segment, or to directly connect 
stations and hub ports together. 

PCS 

Personal Communications Service. A 
group of frequencies in the 1.8 to 2.0 GHz 
range reserved for cellular telephone 
communications. 

PE Polyethylene. 

PHY 
Physical Layer Device. The name used for 
a transceiver in Fast Ethernet and Gigabit 
Ethernet systems. 

Physical Address 
The 48-bit MAC address assigned to a 
station interface, identifying that station on 
the network. 

Plenum 
The air return path of a central air 
handling system, either ductwork or open 
space over a dropped ceiling. 

Plenum Cable 

Cable approved by Underwriters 
Laboratories for installation in plenums 
without the need for conduit because the 
insulation and jacket compounds used 
have low flame-spread and low smoke 
characteristics. 

Point-to-Point Transmission 
Carrying a communication signal between 
two locations without branching to other 
locations. 

Polyethylene 
A thermoplastic material having the 
chemical identity of polymerized ethylene.
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Polyvinyl Chloride (PVC) 

A thermoplastic material composed of 
polymers of vinyl chloride which may be 
rigid or flexible depending on specific 
formulation. 

Port 
A connection point on a hub, router, bridge, 
switch, etc. 

Protocol 
A set of agreed upon rules and message 
formats for exchanging information among 
devices on a network. 

Pulling Eye 
A device fastened to a cable to which a 
hook may be attached in order to pull the 
cable through a duct. 

PVC (Construction Term) Polyvinyl chloride. 

PVC (Network Term) Permanent Virtual Circuit 

REA 

Rural Electrification Administration of the 
U.S. Dept. of Agriculture. Publishes 
telephone cable and wire specifications 
and a list of approved manufacturers of 
cable, wire and related installation 
supplies. 

Receiver 
A device that detects a communication 
signal and converts it into sound, data, or 
video. 

Regenerator 

A receiver-transmitter device that detects 
a weak signal, converts it to its original 
state, and then transmits is as a strong 
signal. Most problems in the received 
signal are corrected. 

Repeater 

A receiver-transmitter device that detects 
a weak signal and boosts its power for 
continued transmission. This device is also 
called an amplifier. Any problems in the 
received signal are simply retransmitted. 

Resistance 

In DC circuits, the opposition a material 
offers to current, measured in ohms. In 
AC circuits, resistance is the real 
component of impedance, and may be 
higher than the value measured at DC. 

RF 
Radio Frequency. A general term used to 
indicate a radio system. 

RG/U 
Abbreviation for Radio Grade, Universal. 
RG is the military designation for coaxial 
cable and U stands for ''general utility''. 
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Ribbon Cable 

A cable in which many conductors 
(copper or fiber) are embedded in a plastic 
material in parallel, forming a flat, ribbon 
like structure. 

RJ-11 

RJ-11 is standard modular phone 
connector. There are 3 different types: 2, 4, 
and 6 conductor connectors. They're all the 
same, except that contacts or wires are 
missing. Ordinary phone connectors are 4-
conductor (2 pairs = 2 phone lines). 
Sometimes you get a phone wire that only 
has 2 conductors in it; this will screw you 
up if you're trying to run more than 1 phone 
line. There's also a little-bitty version of 
this connector that only has 2 conductors 
on it. It will fit in the same socket. 

RJ-45 

RJ-45 is the 8-conductor version of an RJ-
11. It looks like a regular modular phone 
connector, only it's wider. You need to use 
RJ-45 for Ethernet, because the connection 
standard puts the Ethernet on some of the 
outer connectors not in RJ-11. RJ-11 plugs 
will fit into an RJ-45 socket, but because 
the plastic plug is smaller, some of the 
contacts will get bend back a little 

Router 

A device that has enough intelligence to 
be connect one, or many, devices to other 
devices. Typically used in Local Area 
Networks to connect desktop computers to 
printers or file servers. 

SDH 
Synchronous Digital Hierarchy. The 
international version of the SONET digital 
hierarchy. 

Segment 
A segment is a piece of network wire 
bounded by bridges, routers, repeaters or 
terminators. 

Sheath 
The outer covering of a communication 
cable. 

Shield 

A metallic layer placed around a 
conductor or group of conductors to 
prevent electrostatic interference between 
the enclosed wires and external fields. 
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Signal-to-Noise Ratio 
The ratio of signal to noise measured in 
decibels. An indication of signal quality in 
analog communication systems. 

Simplex 
Simple uni-directional transmission. 
Transmitter on one end and a receiver on 
the other. 

Single Mode 
Normally referring to commonly used 
type of fiber optic cable. 

SNMP 

Simple Network Management Protocol. A 
protocol specified by the Internet 
Engineering Task Force (IETF) for 
exchanging network management 
information between network devices and 
network management stations. 

SONET Synchronous Optical Network. 

STP Shielded Twisted Pair 

Subscriber Loop 
The part of the telephone network that 
runs from the central office to individual 
subscribers. 

Switch 
A device that direct electricity, or light, 
along different physical paths. 

Switch 

Switches act as the center of a "star" 
topology, much like hubs. They have 
between 4 and 20+ ports. Internally, 
switches are different that hubs due to their 
intelligent design. Switches "remember" 
what device is attached to what port, and 
will relay packets only to the proper 
destination port. Because of this, all devices 
attached are able to utilize their maximum 
rated speed, be it 10 or 100Mbit/sec/port. 
This cleaver design makes switches more 
expensive, but in a busy network, switches 
can keep the traffic flowing. 

T - Carrier 

Normally refers to a T-1 transmission 
system, but can be any of standard North 
American Digital Hierarchy transmission 
rates. 

TDM Time Division Multiplexing 

Telemetering Cable 
Cable used for transmission of 
information from instruments to the 
peripheral recording equipment. 
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Temperature Rating 

The maximum temperature at which an 
insulating material may be used in 
continuous operation without loss of its 
basic properties. 

Tensile Strength 
The pull stress required to break a given 
specimen. 

TIA/EIA 

Telecommunications Industry 
Association/Electronics Industry 
Association. An organization that sets 
telecommunications standards for 
buildings, cables, and connectors. Also sets 
practices and standards for construction of 
telecommunication systems. 

Tight Buffered 
A type of fiber optic communication cable 
where the fiber strands are tightly wrapped 
by the covering sheath. 

Tinned Copper 
Tin coating added to copper to aid in 
soldering and inhibit corrosion. 

Tray 

A unit or assembly of units or sections, 
and associated fittings, made of metal or 
other noncombustible materials forming a 
rigid structural system used to support 
cables. Includes ladders, troughs, 
channels, solid bottom trays, and similar 
structures. 

Trunk 

Trunk Line. A communication link 
running between telephone company 
central offices. Also a communication link 
that connects a customer location to a 
telephone company central office, but is 
not directly connected to a switch. 

Twisted Pair 
Pair of copper wires wrapped around each 
other. 

UL 

Abbreviation for Underwriters 
Laboratories, a nonprofit independent 
organization, which operates a testing and 
listing service for electrical and electronic 
materials and equipment. 

UTP Unshielded Twisted Pair. 

Watt 

A unit of electrical power. One watt is 
equivalent to the power represented by 
one ampere of current under a pressure of 
one volt in a DC circuit. 
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Waveguide 
A structure that guides electromagnetic 
waves along its length. 

Wavelength 
The distance an electromagnetic wave 
travels in the time it takes to oscillate 
through a complete cycle. 

WDM 

Wavelength-Division Multiplexing. 
Multiplexing of signal by transmitting 
them at different light frequencies through 
the same fiber.  

WEP 
Wired Equivalent Privacy – a security 
protocol for wireless local area networks 

Wicking 
The flow of a liquid in a wire or cable due 
to capillary action. 

Wi-Fi Wireless Fidelity 

Wi-Max Broadband Wireless 

  

WPA 
Wi-Fi protected access - a Wi-Fi standard 
that was designed to improve upon the 
security features of WEP. 
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