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PREFACE 

The Depa;tn,ents of Qefense and Transportation developed thii federal 
R.._.Yilati°" Plan (FRP) to emure efficient use of rnources::llld full ~ 
of natianal interem.,, 1be plan aiets forth the Eederal interagenc:y lppl'OICh to the 
impllmentatlon and ~tion of radi~viJatlon syste,ps. 

Y•lola niltifll and pJlnned radlonavigatian ,systems med in ~-r, land, ~ rnar_ine 
naviptian we ~wed in terms of user requi~ts and \~rent. status. The 
PRP c:an•ts reflect a retpan1e to a unique combinations 

o DOT retpanlibillties foq,ublic safety and tramportation ~y-

o DOD reapcnlibiJity for national security in normal and stre.-t 
·situations. 

1h11 plan will ~ upda1ecl annually. The established OOD/OOT interagenc:y· 
manqement approach will enable ,continuing control and review of U.S. 
radi~vigatian systems. 
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DUC fAB 
~announced ,□ 
Justiflcatlo.·~ ----1 

By -
Distrfout,ion/ 

Availability Cod~s 
Av~!l-and/or _ ___. 

Dist ·Special 

111 



.... 
< 

• • ... -

• • 

.... , I Ill CH 11 .. • ............. 

----
.... ... ... -........ ...... --­..... .. - , . 

-..... -----

........ 

a.a • ... , .. 
,, ere ... -.:. ,.. ... 

• ... 
U, .... -- . --- " .. _ . .. .... ... ... - ... 

-- u ...... .. --- ... , .. ..,.,, 
MIIIW ...... -

, ..... 

----......... ----­..... 
. ... ;..:.. 

----.... .... ------..... ----

...... 

----

-• -I I 
I 

:,. 
J, 

MOMC CIIMIIIH,fACfHI 

I 

I 

• 
I: 

• 

= 
• 
• 

-.. 
• -
• 

• 

I 

...... 

-... 
• • -

• .. 
.. 
I 
I 

:,. .. 

'''" : 11 cc-..i:11i,., .._ .... -... ,_ ... 

-­.... .... ------- ,.. 

........ 
·mm ... ... 

u 
I.I ... 
re ... , .. ... 
u 

.. 
u ,., 

.. 
LI .. ... 
• ... 

-­... 

.. .... 
.... ... ... -­.... 
.... ... .... .... , __ 
- · 

------
--­... ... -...... ---..... 
~ .. 

.: • i· •i• - -i Io It no to Io .. o a~ .. o I a·-, en a ii Vii' Vil 

-21·• - ~ -

.... 
• • • .. -

., 



Sl)~MARY -TABLE OF CONTENTS 

SUMMARY TABLE OF CONTENTS FOR APPENDICES 

PREFACE 

EXECUTIVE SUMMARY 

VOLUME L ~ADIONA VIGATION pPUCY AND PLANS 

CHAPTER 1. 1INTRODUCTION TO THE FEDERAL RADIONA VIGA TION 
PLAN -

CHAPTER 2. RADIONA VIGA-TION -POLICY 

CHAPTER 3. AUTHORITY A~D RESPONSIBILITY 

(;HAPTER •• RADIONA VIGA TION PLA~S 

VOLUME D. REQUIREMENTS 

CHAPTER l. CIVIL RADIONAVIG~ TION 

CHAPTER 2. CIVIL AIR RADIONA VIGA TION 

<;HAPTER 3. CIVIL MARINE ~ADIONA VIGA TION 

CHAPTER •• CIVIL LAND RAQJONA VIGA TION 

CHAPTER .5. MILiTARY RADIONAVIGATION 

CHAPTER 6. SPACE RADIONAVIGATION 

VOLUME UI. RADDNA VIGA TION SYSTEM CHARACT~ISTICS 

CHAPTER 1. GENERAL 

CHAPTER 2. RADIONAVIq_A TIQN SYSTEM 
PARAMETERS 

<;HAPTER 3. RADIONA VIGATK.>N SYSTEM 
DESCRIPTIONS 

VOLUME IV. RADIONAVIGATK>N RESEARCH, ENGINEEeJNG AND 
DEVELOPMENT 

CHAPTER cl.. CIVIL RADIONA VIGA TION RESEARCH.ENGINEER.NG 
AND DEVELOPMJ;NT SU~MARY 

'CHAPTER 2. CIVIL RADIONA VIGA TION RESEARCH, ENGINEERING 
AND=Dl;VELOP~ENT ACTIVITIES 

CHAP~R 3. DOD R~DIONA VIGAJ'IQ~_R,~EARCH,, 
ENGINEEJUNG AN!) DEVE.~OPM!NT 

V 



- • • ----------

APPENDIX 

A. FAA ~ADIONAVIGATION RESEARCH, 'ENGINEERING_ -AND 'DEVELOPM~'.J' 

~ -USCG~~ARIN~NAVIGATION R,E&D PROGR~M 

C. LORAN-C LllNO R,E&D PROGRAM 

D. l)OD R~RCl:I, ~INEERIN<;,AND DEVELOPMENT FOR Sl!LeCTE~ 
R,\DIONAV~~TION SYSTEMS 



FEDERAL RADJONAVIGATION PLAN 

VO!,.UME I 

RADJONA VIGATION POLICY AND PLANS 

'TABLE OF CONTENTS 

CHAPTER I. INTRODUCTION TO THE FEDERAL 
RADl;)NAVICATJ()N PLAN .... ,. ~ . . . . . . 1-1 

1-1 
1.0 

. ·• . 
INTROQUCTION . . . . . . . 
1.11 BACKGROUND· • • . . . . . • • • •• . . . . . . . . . . . . . . . 

• . . . . 1~1 
1.2 PURPOSE • • • • ............. • • • 

... 1-2 
1.3 

. . . 
·.ic:OPE •••..... ~ .. . . . . . 
1.3.1 Syste01~ • • • • • . . . . • . . . . 

. . . . . . . . 1-2 
. . . 

1.3.2 Pha¼~s Of Navigation arid Requirements • . . . 
... I-2 1 

• •. 1-2 
1.3.3 System Characteristics • • • • • • • • . • 

1.3.4 Research, Engineering and DeveJopm.:~t 
• • • . 1-3 

. . . • . • 1--3 

CHAPTER 2. RADIONAVJGATION POLICY . . . . . . . . • . . 1-'f 2.0 INTROD(JCTION • • • • • • • • 
• • • 

2.1 

2.2 

. . . . . . . . . . 
BACKG~()UND • • • • • • • • • • • • • • • • 

NATIONAL RADiONA V!GATION POLICY • • • • • 

. . . 

. . . 

. . . 
• 1-'f 

• I-If 

• 1-'f 

CHAPTER 3. AUTHORITY 'AND RESPONSIBILITY- • • • • • • .... • • 1-7 3.0 INT~ODUCTION •- • • • • • ,. • • • • • • • • 
• • • • • • . 1-7 

3.1 

3.2 

3.3 

DEPARTMENT OF DEFENSE • • . . . . . . •••... 1-7 
3.1.1 ~espc>nsibilities • • • • • . • • ., • . . . 
,.1.2 Internal Manag~«;t ..... . . . .• . • • • 
DEPARTMENT OF TRANSPQRTATK>N ••••••••• 
3.2.1 Responsibilities . . . . . . .. . . . . . 
3.2.2 Internal Management • . • • • • • . . • 

JOINT DOD/DOT MANAG~E_NT • • • • • • • 

. . . . 
• • • 

• • • 
3.Ja Specific Responsibilities • • • • • . • • • • • • .1-1' 

vii 



CHAPTER•• RAD_IONAVJGATION Pl-ANS • •••• ~ •••••••• 1-16-

•• 0 SCOPE AND THRUST C:>F n,tE PL'AN. • • • • • • • • • • • • .1-16 

If.I EXl~TING)NAVIGA TK>N REQUIREMENTS • • • ••••• i-16 

♦.1.1 Current Sys1ems. • • • • • • • • • . . ·,• ·• • •• 1-16 

4.2 EXISTING SYSY.EMS\USED IN THE PHASES OF 

4.3 

4.4 

GLOSSAJY 

,NAVIGATK>N ••••.•• ·• •.•.•••.•.••. 1~'18 

4.2.1 Oceanic En Route, DomHtic En ~oute, 
~ Terminal Phases of Air Navigation • • • ••• 1-18 

,4.2.2 Approach and Landing Phase of Air Navigation. • • .1-23 

lf.2.3 Ocean Phase of Marine Navigation 

lf.2.lf Coastal Phase of Marine Navigation • • • • • • • .1-23 

lf.2 .. , Harbor and Harbor Approach Phases of Marine-
Navigation • • • • • ~ • • • • • • • • • • • .1-24 

lf.2.6 Inland Waterway ~se of Marine Navigation •••• 1-24 

4.2.7 Land,Navigation Phases • • •••• 

EXISTING SYSTEMS - STATUS AND PLAf'IS. 

! • • • • • .1-24 

• 4.3.1 

4.3.2 

4.3.3 

LORAN-~ 

LORAN-C 

OMEGA • 

• 
. 
• 

! . • 
• . . 
,. • • 

. . . . . 

. . • . . 
• . ·•· . • 

. ... . •.• 1-2, 

. . • • • • • . • .1-2, 

. • . . • • • • • . 1-2.S 

! . • . • . . • • .1-}1 

4.3.4 V<JR, VOR/DME, VOR T I\C • . . . . . . • • • : . ·1-36 

.1-41 4.3 • .S T ACAN • • • • • • • • • • • • • • . . . . . 
4 •. ~.6 ,nstrument Landing System ~ • . • • • • ,. • • • '! 1-42 
4.3.7 TRANSIT . ..... ~ ... . . . . . ,. • • • 
4.3.8 Radiol?eacons • • • • • • . • • • • . . . . . . 
PROPOSED SYSTEMS·- STATUS AND PLANS ••• . . . 
4.4.1 Microwave µnding System • • . . • • • • • • • • 1-.57 

4.4.2 NAVSTAR GPS • . • . . • . ~ . • • • . . . • • I-.S9 
SELECTING RADIONAVIGATION SYSTEMS TO BE USED IN THE 
FUTUI\E .; .• • • • • • . • • • • • • • • • • • • • • • 1-62 

4 • .5.1 Approach:oto Selection • . . . . . . . . . . . •• 1~2 

4 • .5.2 l~ues to Be Considered • .• • • . . . ...... 1-6.S 
4 • .5~3 Criteria for Selection • . . . . . . • • • • 0 o\ 0 1-69 . . . . . . . . . . . . . . . . . . . . . . • • • •• 1-72 

'"1 .. . 

. : 



VOL~M~J_ 
UST OF-ILLUSTRATK>~S 

FIGURE 

1-3.1 ooo ,Navigation Structure • • • . . . . . ·• • • • • 1-9 

l.;3.2 DOJ' Navigation Sti'uctu~-e • , ••••••••••• t~u 
1-4.1 ~ating PlarH~ LORAN-A System. ••••••• 1-~6 

1-4.2 Operating Plan: for LO~AN-C System . • • • • • • • 1-27 

1-4.3 :®erating Plan for OMEGA S>,'St~m • • ., • • • • • J-32 

J-4.IJ Operating P~ for VOR, VOR/DME, VORTAC 

1-4., 

1-lf.6 

1-4.7 

1-4.8 

1-4.9 

1-4.10. 

System.~ . .. . . . . . . . "" . . . _. • • • 1-37 

• • 1~3 ~eratiraJsPJan for TACAN System •••••• 

Operating Plan for Mkrowave/Instr,Jment 

Landing;SY$tems'(MLS/IL~) •• ~ • • • • • 

•· . . . . .. 
1-46 

1-,0 TRAMSIT Syste,ra • • • • • • • ·! ~ • 

'Operating Plan for ~adiot-eacons 

(Marine/ Air) • • • '• • • ._. . . .. . . ·• . . 1-"' 
NAVSTAR Global ~itioning,System 

Selection of Initial, Radi9flavigation 
. ~· ... ·• . 

Systems Mix . • • • • • • ., • • • • • • • 

,ix 

1-60 



VOLUME I 
~ .. JST OF TA$.LES 

TABLE 
,1:.,.1 Radionavigation System Applications' • • 

~ir Force M~ions vs' Selected Common­

User.-,iaadi~vigation Systems • • 

u.s. Army Missions vs-,Se~ted Com'!)Ol'I-

• • • • 

PAGE 
. 1-17 

.... .2 

• • • • •' :J-19 

...... 

..... , 

Use,- Radi~~igation • • • • • • 

U.S. Navy ~issions vi SeJected.c;:om,nan-'-
User Rad~vig&tion Systems • • 

Qefense M~il,g Agency Miu~ vs 

. . . . . 

. . . . . 
SeJecled q,mm~User ~~.vigation 

1-lf.6 LORAN.-C System Chara~teristict' and 

. . . . .. 
J..lf.6(cont.) L~'AN-C ·Syst-eni Chaiacteristicl~~ 

User Schedul~ • • • ; I • • • • • • ~ . . . 
User ~le •, -• •• •· •• . . . . . . . 

I-4.7(cont.) OMEGA Sys~em Chuacter~t~ .,,d 

User ~Schedule • • • • • • • • • • • .• 

1-4.S VOit, VOR/DME Syst~m C'8rac:teristics, 

and User ~~ O ~ - O e O O C . . . 
J-lf.l(c~t_.) VQ_R, VOR/QME System Characteristics 

,and~~ Schedule, • • • . . 
-= ~ :- - - , 

. . . .. . . . 
r~cA~ -~tem'<:M!.acterisl!CS and 

J~.10 ir!Str'-"'81t:-~ing Syste!fl (ILS)' (Jser 

1-20 

1-21 

i-22 

1-15 

1-39 

~ - Militilll"y •. • • • • • • • • • • • 1 ... 7 

-i-4.-lO(cont.} ~um~t.Landing S,S"m (ILS) User 

Schedule - CiYil ,. • • ! • ,. • ,. , • . , . . . 
1-4.11 TRANSlf 5,ptem Owacter~ics·and 

I.lier Set-- • '4!° • ., • • • •· ! • . . . . 
Radioheacon UM' Sc:~~ - Mili~-Y 

X 

=,----------✓---------- -
V 



., 
0 

..... 12(tjint.) ltadlollncan tJNr. -~•-- Civil •• 
1;...13 Microwave IAndi• System.(MLS)cu,es-

Sdlid~ • -• . • . . . . • . 
GJ..r-Palltioni~_ System (~PS) 

• • • • • • 

.... -• .. 
Characteril~Jcs -.-user $died~ •••••• 1-61 

,xi/xii 



., 

EXECJTIVE SUMMARY 

R~~~iptlon is required to $UppOl"t ino~ent of resources; ra~ maw.rials, 
manufactured .,ods and people in the,,prcK"eaes of -the domestic •Id international 
economy and trade .,, a:ssure national ~fense and searity, and to ensure safety of 
life and property .ir. .:,m~~cial ·land, sea,,and air transport&fion systems. 

The Federal Radionavlgation Plan ~elineates policies and plans for Ciovernment­
provided radionavigation .-vi~es. The document ~ibes respective areas of 
authority and responsi~illty ancf,provides a management ~tructure by which the 
individual ~•ting ,agencies will define requirements and meet them ·in a cost­
effective mar.rr.. It replaces the DQ1' National Plan for Navigation, and t~ 
sections· of the DOD Joint Chiefs of ·staff (JCS) Master Navigation Plan dealing 
with comm~~ systems. 

The document 4elcribes the various phases of navigation,and indjcates the ~rren~ 
and anticlpatec1•futu_re r~rements for each phase. Present systems are described 
with their utilization all-fl acceptance. The potential of future systems is 
addre■ed. 

The Plari covers Federally operated systems having a high ~gree of common use 
(either military/civil .or between the various transportation ~odes). The system,· 
considered are: 

LORAN-A 
LORAN1~ ' 

OMEGA 
V,QR7VOR/DME,VORTAC 
TACAN 
ILS 
TRANSIT 
Radiobeacons 
MLS. 
NAVSTAR GPS. 

The goal is to select a suitable mix of these systems which can M~t diverse user 
requirements for acc;uracy, reliability, coverage, ~ati~ utility, -and cost; 
provide adequate capability for ,~~re growth; and minimize duplication of 
services. 

The process of selecting-::a system mix '.is. a complex task, since user , requirements 
vary· widely and cha•~ "ith time. While all users •r~re safe, ,expeditious 
services which- are f!:11SY 1o -use, military requirements stress unique defense 
capabilit~ ~.:has.perform~ urkler intentional ~terference, oper~tions in hiih­
performance ·-vehicles, worldwtde coverage ~ operational capability in severe 
environw,ental conditions. Fort~ military, cost-~ a~ consideration. 

Civil re~rements: are «iven, .bY, l'eeds which range from small single-engine 
aircraft, or small vessels, whic'I :are highly. cost-sensitive and may require ,only 
minimal ca!)ability, to highly ~ticated users such as airlines or large vessel 
operators to w~ high accuracy, flexibility, and ·availability may be more 
lmportant thin 'initial cost. Some civil ~ requirements are fiighly ~ialized. 



Thus, selection of' an optimum mix'to satisfy the user~, while holding the runber of 
systems and .government and ·4.11er costs to a minimum, involves complex 
operational, ~ical, institutional, internatianal· and--econom~ trade-offs. This 
plan establiihes a methodology for DOT and DOD to~ these questions and 
arrive at an initial optimum mix ~-mination in the mid-lO's. 

A significant portion of this plan is devott."CI to NAVSTAR GPS since NAVSTAR GPS 
has the potential' to ...eplace many·-existing sta,ion-referenced systems. Certain 
military applications, nevertheless, require cover~ and reculdancy, or -multiple, 
independent navigatiOll systems. TechnicaUy and operationally NA VSTAR ,·GPS ~ 
more complex than existing systems and represents a significant challenge in the 
development of low.cost user equipment. ·111e Plan delineates the ~ues ~t,must 
be resolved if NAVSTAR GPS is m, find wide use. 

~ document, which wllt,,be updated annually,Js composed of four volll'lles: 

Volume I: A swnmary document which delineates plans, pol~es, and 
authority and ~sponsibillty for providing radionavigatic.n 
ser,vices. An integrated management plan descrU,ing how DOT 
and DOD will determ~ requirements and coordinate 
research, development and implementation of radionavig~!ion 
s~tems is provided in this volume. 

Volume B:: User requirements (civil and' military) and the process·-for 
determining.them are provided in this vollJffle. Both general 
requiremen~ and specific ~quirements -related to various 
applications and ptlases of navigation are :discussed. Praent 
and future ant~cipated needs are both addressed. 

Volume Ill: Describes present and planned navigation systems in tern\s of 
nine major parameters: signal characteristics, accuracy, 
availability coverage, reli~ility, fix rate, fix dimension, 
capacity, and ambiguity. 

Volu'1}e IV: A summary of Feder&J radior)vigation R,E&D plan together 
with individual R,E&D plans for mi' -tary and civil air, Jane:, 
and marine applications .is presented 'in this volum,e. Open 
issues and me~ for their resolution ~e addressed. A key 
feature .is a dfacussion on how the indivi~-_agency R,EacD 
pl~ will be coordinated to help ~re tMt all aspects of 
each sys~em are thoroug~y evaluated whi•e avoiding 
duplication of activities. 

xiv 
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VOLUME I 

CHAPiER 1 

INTRODUCTION TO THE-FEDERAL RADIONA VICAl'ION PLAN 

1.0 INTRODUCTION 

This Chapter describes the backgrourd, purpose, and scope of the Federal 
Radionavigatlon Plan (FRP). It unmarizes, the .events leading to the preparation 
of this doaa~ent and the national obj~tives for assuring COQrdin&ted plaming of 
radionavigation ser_vices. The remaini,ng contents,of this volun:i,e set fortli National 
~icy, Radionavigation Authority am Responsibility, -~..S Radionavigation System 
Planning. Three supporting vob.mes (Requirements, Systlfflls Gharacteristics, and 
Researrh, Engineering, alll Developneot) are outlined briefly. 

'I.I BACKGROUND 

This document is the first edition of the FRP. It represents t~ combined planning 
~or governrnent-provid.ed radionavigation serv_ices by Federal. agencies; It also 
incorporates the most recent changes to the -two following pianning documents: 

A. The Department of Transportation (DOT) National Plan ·for 
Navigation (NPN), dated November 1977. 

8. The Department of Defense (DOD) Joint Chiefs of Staff - Master 
Navigation Plan (MNP), 1978 edition. 

Prior- to the time work was ,start~ on this first editi~ of the FRP, the Office of 
Management-am Budget (0MB) and National Telecommunications and Information 
Administration (NTIA) co-chaired an interagency w~king group t~ st~y planning 
among various govemnent agencies responsible for providing radionavigation 
services for both military ard civilian users. The working -group was composed 
initially of _repres~tatives ~f DOT, DOD, the National Aeronautics and Space 
~miniitration (NASA), and the Department of Commerce (DOC). Later, 
representatives-of the Department of State (DOS) and the Central Intelligence 
Agency (CIA) wer~ added to the working $roup. 

In April 1979, a DOD/DOT Interagency Agreerriert ~tween DOT and DQD 
strengthe~ Federal radionavigation pl~~ng. Within DOT, the Navigation Council 
and its supporting Working Group address civil and joint ~vii/military uses of 
naviga~_ion. Thi~ inclul!!s radionavigation- inter~ 'of other dYil goyemrnenta1 
ag~ such as NASA ard DOC, and State and munidpal agencies. The DOD 
Positioning/Navigation Executive Committee (Pos/Nav C~mittee) addresses uses 
of ,wavigation by the military services. 

This FRP am,_, ~~t annual revisions serve as the pri~ary planning document 
for all com~on-user Federal radionavigation services. 
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1.2 PURPOSE 

'ffie purpose of this FRP is to: 

A. ·Preient an integrated•Federat, military and civil policy and plan for 
al!, radionavigation system~ 

8. Pl'Qvide ·• document for comparing civil and military systems and 
requirements on a. common basis. 

¢. Outline an ·approach for achieving maximum COMOlidation of' 
radionavigation systems. Where concrete decisions can.~ made now, 
these •e presented. Where decisions must be, scheGaled for a later 
~te, these are .identified together with the actions planned to reach 
such decisions in a timely fashion. 

p. Define and clarify new or unresolved issues relating: to navigational 
systems, e.g., operational, technical, economic, and institutional 
questions. • 

E. Provide a summary system planning schedule tll"ough the Year 2000. 

F. To provide government radionavigation planning information suitable 
for use by civil users, manufacturers, and ·non-government operators. 

1.3 SCOPE 

This Plan covers civili~ and military radionavigat.ion system~ with primary 
navigational application to civil and mi~tary needs. It does not include systems 
performing mainly surveillance, surveying, and commooication functioris. 

1.3.1 Systems 

The major radionavigation systems subject to the planning procea described· in this 
FRPare: 

o LORAN-A 
o LORAN-C 
o OMEGA 
o VOR, VOR/DME, VORTAC 
o TACAN 
o I~S 
o TRANSIT 
o Radiobeacons 
o MLS 
o NAVSTAR GPS. 

1 • .3.2 Phases of Navigation and Requirements 

Volume D of the Plan defines phases of navigation and addresses ramonavigation 
requirements for each phase of aviation, marine, land, and space operations. The 
phases are: 
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o Approach/Landing and en route/terminal phases ~f 
aviation apera~on by.aeronaut~ users. 

o Ocean, coastal, harbor approach, •bor, and • inland' 
waterway ~vigatlon by .m.-ine users. 

o Autom~tic Vehicle· Monitoring (AVM), A~tomatic 
·Vehicle Location (AVL) and 'Site Registration operations 
currently· Wider consideration by ~ wers for vehicle 
monitori• ancUocation identification. 

o Launch, Jn-FUght/Orbit and re-entry phases of .space 
~vigation. 

Navigational and positional location requirements fot each major system, user 
class, ·and phase of operatl~ are established in Volume D. 

1.3.3 System Characteristics 

'De~iptions of the salient ,feat\fts of ra-dianavigation systems are summarized in 
Chapter • of this volume. Detailed techn)cal descriptions for eacn of the· 
radionavigation systems are presented in terms. of nine primacy system 
perform~. parameters in Volume ID. 

1.3.• Research, Engineering and Development 

Federal radionavigation research, engineering, and developm~t activities to 
improve existing operations ~ to assess future system alternatives are presented in 
Volume IV. 
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2.0 INTRODUCTIQN 

VOLUME I 

CHAPT_ER 2 

RADJONAVJGATJON F.OLICY 

The Radionavigatioo Policy of the United States has evolved, over a run~ of 
years through statute, use, and in the interest of national defense and public 
safety. The policy ~arms the basis for the development of the Federal 
Radionavigation Plan. 

2.1 BACKGROUND 

Primary source documents for Navigation Policy are: 

The oor· National Plan for Navigation (NPN), originally published in 1970, 
established policy based -on existing statutes, executive orders, diret.'tives 
and use. Later editions of the NPN, issued in April 1972 ar)d November 
1977, included some policy revisions. 

The 'DOD Radionavigation Policy is con~ in the 1971 edit'°" of .the 
Joint Chiefs of Staff - Master Navigation Plan (~NP). 

2.2 NATIONAL ~ADJONAVIGATION POLICY 

The following statements specify United States radionavigation JM?licy to: 

A. Provide resources to implement·and operate radio aids to navigation. 
Provide servjces which cohtribute to safe, expeditious,-and economic 
air and maritime commerce and which~support United States national 
security interests. 

B. Provide for the installation and °"'ation of radionavigation systems 
in accordance with international agreements. 

C. Coordinate national planning for optimal use of the electromagnetic 
spectrwn, achievement of system economies, and avoidance of 
umecessary duplication of • navigational syst~ms and services. 
Achieve the highest degree of corrimonality/iflt~operability and 
system utility lletween military and civil ~s through early 
considerations of mut~ requirements. 

D. Require certain vessels and aircraft to be fitted with navigational 
equipment as a(c;onditi~ for oper~ting in ~trolled U.S. airspace or 
in the navigable"waters of ~~ United States, to promote .transporta­
tion safety and environmental protection. 

E.. Provide leadership to ensu~ that navigation services are~·available to 
civil users to meet projected 'demand, performance, safe~, and 
environmental protection requirements considering conservation and 
economic~~straints on navigation systems providers and users. 
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F. Promote the scientific and operational evaluation of domestic and 
foreign aids to ~viptian and s,.ipport development ~f those with 
~tialto: 

o Satisfy unfulfilled operatianal requirements. 

o Offer major economic advantages(~ver ex~ting systems. 

o Provide significant ~ial benefits in the national interest. 

G. Encourage and J)l'9mote international exchange of scientific and 
technical !nformation concerning aids to navigatim. 

H. Provide guidance and assistancE in siting, testing, ev~uating and 
operilting aids to navigation to meet ooique requirements not 
supported by Federal systems. 

J. Promote national ,and international standardization of civil -tl!'d~ 
military radio aids to -navigation. 

J. ~ablish, maintain, and disseminate signal characteristics ~ .. 
common-us~ (civil and miatary) systems. 

K. Develop, implement,. and operate the minimum pcial navigational 
aids and'services necessary to accomplish military .,.,erations. , 

L. Operate· radionavigation syste_rp~ only as Jong as the United State~ 
and its. allies accrue greater· military benefit than poten~ial 
adversari~s; otherwise, cease operations or change the operating 
charac!erlstics and signal forina~ of special ~fpc>Se DOD systems. 
Nora-DOD users who choose to use these systems do so at their own 
risk. Incorporate selective· availability techniques into 
r~dionavigatian ~ystems to de~y service to non-allied military users 
should such ·denial be in the interest of ~ti~ security. 

M. In the control of LORAN-C stations, DOT will maximize the utility 
of service· for other than marine users, within the constraints itnposed 
by the need -to maximize the quality of service provided to maritim~ 
navigation. 

N. Make NAV5TAR GPS continuously available on an, international basis 
for civil and commercial use at the highest level ~, accuracy 
consistent with national ~rity inter:,ests. It is preseri\,f projected 
that an a~racy of 200M Circ~ Error Probable (GEP) (,OOM 2 
cir~) wi,µ be made available during the ,first year of full ·NAVSTAR 
GPS operation with accuracy available to civil users improving ~ 
time pases. (See Volume m, Chapter 2, Paragraph 2.2.1.) 
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o. Equip military vehicles, as appropriate, to ~tilfy dYil aviation and 
maritime navijation ~ety requirements. (U.S. mWtary ~ and 
users wW ~ , equipped with navigation systems -which' belt satilfy 
mission requirements. fn gener&I, • combinatiOl, •oof ra~YiptiOl'I 
and telf-contalned navigation aids is required with- emphasis on the 
highest level of standardl~tion,) 

P~ Require, where practlaj, users of F~ally opera~ naviptio,~1, 
aids and services to bear their fair share of ·t11e -costs for 
development, procurement, c,eeratlon, and main~ of 
navigational symms insofar ~ technically and economically feasible. 

Q. 

R. 

Provide, through DOD/DOT interagency ~ts,.,comprehensive 
management for a1' governn,ent-provided common user 
radionavigatiori systems. 

lnsure,cin accordance with-,_est~shed national policy, reliance ~ the 
private se~ to SUP.l)9l't the design, developnent, installation, 
operation, and maintenance of all' eftWpnent ind systems requi~ to 
provide ~mon-1.Ber radionavigation aids in support of this Federal 
Rad.onavigation Plan (within:the constraints of national security). 
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VOLUME 11 

CHAPTER 3 

AU,JfORITY AND RESPONSIBIUTY 

3.0 INTRODUCTION. 

This chapter describes the DOD authority, responsibilities, and manag~t' 
structure to pJan and provide for navigational ,systehlS for military missions. The 
l)OT authority and re~sibllities are then addressed in the context of its ·Jead role 
to assure navigation ~vices for the civil sector and •to coor,dinate non-military 
navigational plaming for other Federal~agencies. The joint DO[) and DOT manage­
ment structure and actions ~ to reduce costs. or to avo•~ duplication or 
gaps in combined military arid civil navigational services are also presented. 

3.1 DEPARTMENT OF DEFENSE 

3.1.1 'Responsibilities, 

The DOD is respon~ble for developing, testing, evaluating, operating, &!lCI 
maintaining aids to navigation and user equipment required for National Def~~ 
and ,ensuring that military vehicles,, operating in -consonance with civil vehid~:-: 
have the naviga~ional capabilities required to- oper~te in a , safe and ,expeditious 
manner. Specific DOD-responsibilities are to: . 

~- Define performance ~quirements applic~_ble to military mission 
needs. 

B. Design, develop, and evaluate syst~ms and equipment to insure that 
performance requirements are met in-a..cost-eftective manner. 

C. Maintain liaison with government, research and development 
activities affecting military radionavigatfon systems. 

D. Develop ~oreca5!5 and ~yses as r.eeded to support the requirements 
for future military mission needs. 

E. Develop plans, activities, and goals relat~ to military~f'l'!ission needs. 

F. :Define and acquire the necessary resources !O accomplish mission 
requirements. 

G. Identify special military route and airspace requirements. 

H. foster rationalization, standardization and interoperabil~ty (RSI) of 
systems with NATO and other allied countrie~. 

The Defense Mapping Agency (OMA) is responsible for military ·mapping, charting, 
and geodesy upects of navigatJon, including geodetic surveys, accuracy determina­
tion, and positioning. DMA.allO serves as a focal point within the DOD for civil and 
other govennent agencies' in~ts in NAVSTAR GPS for .geodesy purposes. 
Unclallified data prepared by the OMA are available to the civil sector. 
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l.1.2 Internal Management 

J'he 009 internal management structure for navigational coordination )is shown in 
_Figure -1-3.). The two major parts.of the structure r~resent the administrative and 
,the operaiional chain_s of command ~porting to the(Secretar:y of Def~se. 

A. Operational Management 

The Joint ~hiefs of Staff (JC$) are the top level body in the operational chai~ of 
comm~ (beneath th~ ~retary of Defense) and, (by authority and direction of' the 
President and the Secretary of Defense, serve as military advisors to the President 
and the Secret~ry of Defense. Additionally, tJle JCS provides guidance for use by 
Military Departments and the Armed Forces as needed in the~preparation of their 
respective detaiJed navigational plans. The ~CS maintains cognizance over 
operational navigation requirements and capabilities of the 'Unified aiid ~fied 
Commands and the Services. In order to utilize effectively and economically the 
operational navig~tional resources- serving the military worldwide, tl)e JCS' are 
responsible for the development, approval, and disseminat!on of the JCS Master 
Navigation Pl~ (MNP). 

The MNP is the official' document for JCS guidance for navigational policy and 
plaming. It is the result of a coordinated effort ~Y all operating elements to insure 
unanimjty in navigational ~ystem plaming to meet identified tpperational defense 
requirements. The MNP also facilitates the integration o~{ required military 
navigational systems and helps to assure the most eff icientl and cost-effective 
implementation of JCS policy for radionavigation. 

The following organizations alSQ perform navigation management Junctions: 

The Deputy Director for Tactical/Theater-Command, Control and Communica'dons 
Systems, Joint, S~aff, is responsible for: ,, 

0 Analysis, evaluation, and l'llOnitoring of navigational system plaMing 
and operations. 

o Navigation.al matters in general and, specifically, the JCS MNP. 

cified Commands per-form navigational 
-i-func.;.:;z.~t,~ons=.;.;;s.,;;;;1;;..;;m;;.:;1i-:-iar;;...;;~t:-o~t~.;.;;;:~o~~tr_ ;;;...;:~c=s.;;;.;.;:~Fy~· .;.;;m;;.;a=y ~velop navigational 
-requirements in support of conti!'lgency plans and JCS,exercises requiring naviga-
tional re~rces external to that command. !\dditionally, they are responsible for 
revi~wing the JC_S Master Navigation Plan. 

B. Administrative Management 

Three permanent organizations provide radionavigation plaming and m~gement 
support to the Under Secretary of Defense for Research- and Engineering. These 
organizations are the Military Departments/Service Staffs; -the 
Positioning/Navigation Executive Committee; and the P~itioning/Navig~tion 
(POS/NAVJ Working Gr~. Brief descriptions are provided below. 
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The DOD Positioiling/Nav!ation (POS/NAV) Executive: Committee assists 
the 0., Secretary of De ense for Resear~ and Eij~1ng -in review of 
~ DOD: ~grams in the p;,siiioning and .navigation area. ~se ~view~, 
minimize duplication of e.f fort and ef feet ecc>l~mics in the area of 
posit..,.,ing and navigation. Recommendations are made to the Deputy 
Secretary of Defense, in q>o1~dinatfon with the Organization' c,f the Joint 
Chief~ of Staff (OJCS), on ,c~t avcidance or ~ut of systems o~ 
questionable need. 

Navi ation (POS/NAV) \Vorkin Grou provi~es a forum for, 
t 1 t 1cat1on reso ut1on o navigat1o_nal system issues. Working 
Group membership is com~~ed of representatives fr~m JCS, the Defense 
Mapping Agency (OMA) and offir.er~ from the. respective Services. It is 
chaired by\a repr~tative of the unc,er Secretary of Defense for Research 
and Engineerin~. 

The Mili~Der,artments/Service Staffs are re~sible for participating in 
the deve ent,d~ination and implementation of the JCS M~_ster 
Navigation Plan . 

.3.2. DEPARTMENT OF TRANSPORTATION 

.3.2.1 Respoosibilities 

The DOT is the primary ~vernment provider of aids to navigation used by-·the ~ivil 
commooi~ and of certain systems usecf by the military. It is respons}b.le for the 
prepara\100 and, promulgation of radionavigation plans in the civjlian sector of the 
United,States. The Department of Commerce (poc) and the Natiog_al Aeronau~ics 
and Sp~e Administration (NASA! participate in the development' of OOT 
radio~vigati~ plans. The roles of the participating agencies·are cfe~ib:~ below. 

The Secretary of Transportation, as part of his authority UJlC!er the oot Act 
(Public ~w 89-670), is respoosible for navigational matters within QOT and 
promulgates radionavigation plans. Three DOT elements have ~~tutory 
responsibilities regarding the provisi9n of ai5fs to navigation: the U.S. :Coast 
Guard, ttw, Fec.lP.ral Aviation A~min~tration (FAA) and the ,$(int Lawrence Seaway 
Development Corporation. In addition, sev_eral other efet«ents of DOT have 
responsibilities and interests which may be satisfied fiy ra~ionavigation ()I' 
radiolocation systems. 

The Coast Guard has the statuto..J responsibility to ·define the :need for ,Janel to 
provide, aids to navigation and facilities needed for safe arid efficient navigation. 
Section 81.of Title 14, United States Code provides: 

"To aid navigation and to=prevent disasters, collisions, and•wrec~ of ,vessels 
and aircraft, the Coast Guard may establish, maintain, and oper~te: 

•'(1) aids to maritime navigation required to st:rv~, t~ "eds ~f the 
armed forces or of the commerce of the United States;N" 
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12) ;_Jds,to air navigation requireC:t to ser-ve·tne"~ of _the ~~ 
f~~'.,of the Unitf4. St~tes pecid• to -wadtre and prim•ily., of, 
~ill~ty ~ern as ~ierminecl ,by the Sec~tary of Qefehie oi· the 
~■-,:tary ~f ·any ~~i withi~-the J)epartment of ~f~ ~ 
-as r,/ql:Jested by any of those officials; and 

"(J) e~tron~ a~ to ·navigation s~tems (a) req~r~ to ~ the 
~:eds of the armed forces of the Unjted States pectiliar to wad~ 
t.nd primarjly of __ military concern as determined by ~he Secretary of 
,De1ense or any depai'tment:iwithin ine ~ment of Defense; or (~) 
required to serve tf-2 needs of the mN'itinie ~mer~ of the 'Unit~ 
States;.or (c) required to serve the, needs of the air co~mer~ o{ t~ 
United S!,•. as r~sted· by the ~dministrator of ·the ·Federal 
Aviation AidlCY• 

"These aids to navigation other ·than electronic aids to ~vigati°'1 systems: 
shall be established and operated-only within the_ United:.states, t~ wat~~ 
above the C~tinental ~:~,. ,the ~erritories and' po~•i~s of t~ United 
States, the Trust terr!_tory ·of the Pacific t1lands, and ,beyond the ,territorial 
jurisdiction of tM United States.:..at places where naval or milltaryr,bases of 
the United' States are or-'may/'lbe Jocated."c 

The Federal Aviation Administration (FAA), under thenF~al Avi~tion Act of 
19'1 (Public Law a,~726), has -,responsibility for ,cfeveloprri~\- and impll!m~tat~on 
of radionavigation. systems· to meet the needs for. safe a,:ld eff i~ient navigation and: 
control of all civil and military aviati~,. except for those needs: of military 
agencies which are peculi~r10 air warfare andj>rimarily of military ~em. The 
FAA also has the responsibility to operate aids to air navig~tion reqaired by 
international treaties. 

The St. Lawrence Seaway Development Corp •. (Si.~) l)as responsi~iiity -for 
asslring safe ,,avigation al911g the seaway~ The SLSDC operates a Ve~'.tl , Tr~fi~ 
Control System with the St. Lawrence~Seaway Author!t)' qf C~~da. 

The. F~eral Highway Ad~inistration (FHWA), the Natfonal)Highway Traffic Shleiy· 
Administration · (NHTSA), and the Urban Ma• Transportation Admin~tration 
(UMTA), under their respective statutory authorities, have the· responsi_bility to 
conducts research, developm~t, and -demonstration projects. This c~d• include 
projects on l~ uses of r~diolocation ·sy~t~ls. Also, they assist State ~ Joe~ 
governments in planning and implementing such systems and iss~: gujdelines 
concerning their potential use and applicatiQnS. 

u~ .J)epartment of Commuce, through its jurisdictf9"1 over the National Oceanic 
and Atmospheric Administration, provides ~harts and related il)formatjon· I.cw -t~ 
~e navigation, of marine and air commer~. 1,'he DQC is ~thorized to conduct 
hy .. raphic and topographical -surveys, tide .a_~ .~r:rent 9bserv~dons, and =field 
surveys.few aeronautical charts. The DOC is also authorized und« 1' u.s.c. 272 to 
undertake research on the prOl)c!gatiQn 9f ·rJdio wave-'s. This includes the ~tuoy.• ~~ 
propagation factors ,affecting the accuracy of radjonavigat~·- system5. The DOC 
througi! its jurisdiction over the United States Maritime Adni.!ftistration ·(MARAD), 
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is charged with s:romotion of the interests of a U.S.. merchant marine com~ of 
the best-equipped, safest, and most suitable types of v~,, canatructed in the 
U.S., • mamed with a trained and efficient d~.izen penorinel. _ -;\•-part of this 
effort, ·~ARAD: investigates positk,n determina~lon ming ex~tir\J ~ planned 
com~ications Rtellites, conducts precision rar navigational experimen~. and 
invest.ates the· application of radar tr~s to navigat~ and collision 
~voidance. ~ efforts are designed• enhance U.S. Merchant Marine elficlency 
and iffectivenes. 

The NASA supports ~vigation through the, development of technologies for 
navigating alrcraft and spacecraft. In addition to the user equipment, NASA is 
relpOIISible for 'development of the ground-bued equipment. NASA is . also 
authorized to demonstrate the capability for civil appOcation of military 
navigational sateUite systems to aircraft, ships, and spacecraft nlivigation and 
position determination. 

3.2.2 Internal M~ement 

The oor internal management structure for navigat~ systems pJaming for civil 
use is shown in -f'Jgure 1-3.2. The ·structure was 4'Stablished by DOT Order 1120.32, 
dated April 27,)·,7,9, for the following purposes: 

A., Coordinate policy recommendations and integrate planning reprding 
navig~tion among the operating elements of t~ DOT, and help to· 
ui1ure the· most ~ident implementation of those polltjes· an""·plans 
,.-it.~t decreasing the retpOnSibility or usurping the ~itY of the 
ihdivimal,~ating.elernent.,. 

8. Provide a body which can;. on ._a continuing basis, facilitate 
coordinated navigational planning on ~-multimodal ~is with~ the 
DOT; and ser.ve as a focal point for recommendations on which DOT 
navigation policies and plans can be formulated. 

c. Assure that the Secretai:;~ of Tran~ation gets consolidated infor­
mation and provide the means to obtain coordinated high level review 
oi proposed navigational pqlici~.s and plans. 

D. Establish a planning· ,framework within which the DOT operating 
elements are all9wed maximum latitude for navigatior.31 system 
research, development, and implementation consist~nt with the need 
to avoid duplication of effort. 

E. Provide the technical resources to supplement the ~vig~tional 
·piaming, impleme_ntation, coordination, and decisionmaking of the 
operating elements. 

F. ·provide ~ f qcal point for obtaining inputs from those elements of 
DOT which may not have a cq1,!i,,.JOUS interest in navigational 
,problems. 

G. Provide a DOT focal point for multimodaJ or inter,~partmental 
navigational issues. 
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i'he-DOT Naviption CoWICll is the top level body of the s~ucture. It consi,~ of a 
s«retarial Officer and one policy level representative each from the Coast Guard, 
FAA, the Research and Special Programs Administration -(~SfA), and the St. <:> 

Lawrence Seaway Development Corporation (SLSDC)~ The designated members 
may ·be augment~ by representatives of other operating elements to c«asider 
specific issues. The CoWICil meets, as required, tl'lder ~he chairmanship of the 
Secretarial Officer. The000T Navigation Council: 

-o -Serves as the focal point to formulate coordinated 
1>91icy recommendations to the Secretary; 

o Coordinates with similar committees in other govern~ 
ment agencies in accordance with ~Y - bilateral or 
mu!!i!~teral agreements between DOT and those ·agen­
·des; and 

o Provides guidance to the subor:dinate Navigation 
Working Group. 

The· Navigation Working Group is the working core of the structtre. It consists of 
one' representative each from the Coast Guard, FAA, RSPA, and SLSDC. Each 
representative may be assisted by advisors. Ad hoc ,advisors from other DOT 
operilting elem~ts which have an interest in navigation are invited to attend 
,mf!etings as appropriate. These· ~ements are the Federal Highway Administration 
(FHY A), the Federal RJilroad Administration (FRA), the National Highway Traffic 
.Safety Adminstration (NHTSA), and the Urban Mass Transportation Administr~tion 
(UMTA). ThenNavigation Center at the DOT Transportation Systems Center- '. (TSC) 
provi~s tech,acal assistance to, the Navigation Working Group, as requested. The 
Navigation Working Group facilitates the coordination of:-

o Navigational requirements developed by the DOT 
operating elements; 

o Navigational plans; 

·o Navigational R,E&D anc:i'implemen~ation programs; 

o ,DOT navigation planning with the DOD, the~ the 
NASA, ancf :other Federal Agencies, as required; and 

o Multimodal navigational issues with -other governmental 
agencies, industry, and ~er~groups, as· directed by 'the 
Navigation Council. 

3.3 JOINT DOD AND DOT MANAGEMENT 

An lnteragency Agreem~t between DOD a.,d DOT for . Radionaviption Planning 
~m~ effective April 17, l979. This agreement re(IU!res coordination i,etweeu 
the DOD and DOT internal management structures for ,-viptianal pllnnlng 
(described in 3.1 and 3.2). The ,lnteragency Agreement recognias that DOD and 

I-14 

----- --- ---

1 



DOT have joint responsibility to avoid wmecessary overlap or gaps between 
mili~ary and civil navigational systems/services. Further, it requires that both 
military and civil needs be met in a cost-effective manner for ,the government and 
the civil user community. Implicit in this joint res~sibility i:s assur~ce of civil 
sector r~dionavigation readines., for mobil_izatJon in national ei:ne~~~encies. 

3.3.1 Specific Responsibilities 

The agreement provides that DOD and DOT will jointly: 

A. 

8. 

c. 

Keep each other inform~ of the status· of ~veloprrient, evaluation, 
i~sta11ation, and operation of aids to navigation with existing or 
potential joint applications. 

Coordinate all major navigati01181 plaming activities to insure high 
~vet of'·consistency ~hi!e··still meeting diverse navigational r~re­
inents. 

Atte~pt, wherever consistent with diverse· requirements, to utilize 
common systems, equipment, and procedur~s. 

D. Undertake joirit programs .. in researq,1, development, design, testjng, 
and operation of radi~vigatiOI) systems. 

E. Pursue the .preparation of a standard definition of -requirements and a 
joint requireme-,ts doctment. 

F. Assist in assuring that other government agencies invoJved in naviga­
tion system rese~ch, development, operation, or ,use are aware of 
and, where necessary, cansulted on future plans. 

G. Publish a single Federal Radionavigati°" Plan to be implemented ·by 
internal Departmental action pJ~s., ~ plans wiU be reviewed and 
updated annuaJ(y as part of the agentjes' normal budget process. 
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VOLUME I 

CHAPTER If 

RADIONAVIGATION PLANS 

4.0 S<"'OPE AND THRUST OF THE PLAN 

This chapter s1.mmarizes the plans of the Federal government to pr~vide general 
purpose and .special purpose radio aids to navigation for use by the civil and mili­
tary sect91"5. It focuses on three aspects of planning: the~ef forts needed to main­
tain existing :systems in a· satisfactory operational configuration, the development 
needed to improve their present performance, or to satisfy existing unsatisfied 
requirements in t_he near term,.::.,d the✓evalua1Jon 9f existinR and pro~ radio­
navigation systems to meet future r~uirem~nts. Thus, the Plan provides the 
framework.for operation, development and evc~\~ion of systef'Jls. 

The Government operates existing radi9Mvigation systems which meet most ·of the 
current and projected civil user requirements for safety of navigation and 
:promotion of reasonable economic ·efficiency. These systems are adequate for the 
general navigation of military craft as well, but none ~tisfies completely all the 
needs of military missions nor provides highly accurate, three-dimensie>Qal, 
world~ide navigation capability. NAVSTAR GPS is being developed to satisfy 
these general and speci~ military requirements. NAVSTAR GPS may have broad 
potential for satisfyipg current civil user needs or for responding to new require­
ments that the present systems do not ,.,tisfy. Thus, it could ultimat~y become 
the primary worldwi~ system for military and civil navigation and position loca­
tion. 

4.J. EXISTING NAVIGATION REQUIREMENTS 

Jt· is accepted generally that the needs for navi 0 ational services,derive from the 
activiti~ in which ttie users are engaged, the,,1oca1ions in which these activities 
occur, the relation to other craft and physi~al hazards, and to some extent the type 
of craft. Because these differences exist, the requiremen~ for navigational 
services are divided by classes or ~ of users and the phases of navigation. 
These divisions are discussed in detail in Voltme II and are summarized in Tables 1-
4.l through 1-4 • .5. Table 1-4.l also shows the emphasis placed on the existing· 
radionavigation system~ in the various phases of navigation. Oetailed descriptions 
of-the existing artd proposed radionavigation systems are l'iven in Volume m. 

4.1.1 Current Systems 

Systems are categorized in Table 1-4.l as prirr-ary system (P), ~econdary or 
supplementary systems (S), or a system under development or evaluation -(E). These 
classifications are: 
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A. 

8. 

c. 

"P" indicates a system which now provides a primary service in one or 
more phases of the civil and military marine and air environments. 
Ongoing efforts applied to a given primary system and area-~f appli­
c.a,\on are directed towar.~ improving an existing,service or enhancing 
sys,em perform~. • 

"S" indicates sytems which provide an essential sec~y or suppJe­
ment~y service for ~ primary system in a -~ied pt.-.e of navi­
gation. For these designations, goverrtrnent activiti8 "'late to 
reducing-operations ~ maintenance:(~M) cos~ of these: systems. 

"E" indicates a system and area of application which is being evalu­
ated as a replac;ement for an existir,g primary or secondary syst~m. 
Such a ~ystem may be"an existing system -~ch is being evaluated as 
a candidate for improved service -in e~isting or newly ~tified 
phases of operations and applications. LORAN-C is an example of 
the latter category. 

4.2 E~ISTING -~YSTEMS USED IN THE PHASES OF NAVIGATION 

The systems iisted in TabJe 1-4.1 are used singly or in combinations to support 
functions .of the y~ious phases of ~vigation. Tables l➔.2 to l➔ . .5 compare 
common-user systems to mission applications for military use. The following 
sections ·describe the approach employed to define the needs, requirements, and 
degree to which existing systems satisfy these ~ 

4.2.1 Oceanic En Route, Domestic En Route, and Terminal 
Phases of Air:-:ti~vigation 

Federal Aviation Regulations, require that- aircraft equipped with self-contained 
navigational systems, except for dual lnerlial Navigation Systems (INS), now be.ipg 
used on oceanic air ro1,1tes, monitor the performance._:-of these systems through use 
of an ~xtemally referenoed radio aid to navigation. LORAN-A has been the most 
widely used system, but is • now being phased out. The system which has been 
certified to repl~ LORAN-A at t~ time is OMEG~. It is expected that at Jeast 
th_ree lines of position should be available throughout ~he North Atlantic ·and 
Pacific. Although-the FAA has approved the use of OMEGA on the North Atlantic 
oceanic route, at present, the International Civil Aviation Organization (ICAO) 
does not plan t~ ~t OMEGA as an international standard. ICAO has, howe~, 
provided users desiring to use OMEGA with an information publication on OMEGA 
~ystem operation. • 

Domestic en route and terminal area air navigation requirements are presently 
being met except in some remote and offshore areas. The basic short distance aid 
to navigation in the United States is. VHF Omnidirectional Range (VOR) alone or 
collocated with either Distance Measuring Equipment (DME) or Tactical Air 
Navigation (TACAN) to form a, VOR/DME or a VORTAC facility. This system is 
used for route and terminal nav.aation'for flights conducted under lnstNJ!ent 
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Flight Rules (IF.tl). It is also used by pilots operatir,~-on Visual Flight Rules (VFR). 
The<=Uni1ed States and all other ,member States of ,the International Civil Aviation 
Organizatian have agreed to provide VOR/DME s~'-,vice to inter~tional air carriers 
up to January 1, 1,a,. Sqme of the member states are, just initiating VOR/QME 
servk;e while other states ~ expanding their coverage. In consequence, it is 
expected that t~ ICAO wilJ--.v~te to e~end service' to 199,. The U.S. GovernmMt 
is expected to support this action,-~ of the widespread, long, and sa~isf~­
~y use of this system, the investment in avionics and ground ~uiprnent of about 
$700 millian, and technical expertise and the r~~t substantial investment of 
other natians, particularly third world nations. 

General use area navigational routes (RNAV) have been implemented throughout 
the high altitude en route and -for nan-precision approaches. In ~ition, RNAV 
routes have been es_tablished to,meet special user r•rements. Area navigati~ 
offers potential benefits to users of the National Airspace through direct routing to 
many destinations, t~J>y reducing ~rating costs anc1· conserving fuel. 

VORIDME forms the basis of a safe, adequate, and trust~ air navigational s~tem, 
and there is a ~ge investment in ground equipment and avionics by both the 
government and users. In view of this, it is intended ·-to .maintain the VOR/DME a_t 
its present capabil~ty at least through 199.5. 

4.2.2 Approach and Landing Phase of Air Nayigatfon 

Requirements for radio ·approach and landing _aids are met by the lnstrum_ent 
Landing System CILS). Non-precision approaches are based an VOR (with or without 
DME), non-directional beacons (NOB), and RNAV procedures. The requirement ~or 
a common civil/military sy~tem is not yet met. The Microw;;lve Landing System 
(MLS) l)OW under developme~t could meet the need for a common user system. The 
MLS can provide lateral and vettical guidance over wide sectors and precise 
distance information. 

4.2.3 Ocean Phase of Mari~ Navigation 

Navigation o0 the high s~as is now doue by the ~ of celestial fixes, LORAN-A, 
LORAN-C, and OMEGA. TRANSIT is available for use, but user equipment costs 
and fix interval limitations have deterred widespread use of the-system. 

Worldwide coverage by most ground-based system_s such as LORAN-A or LORAN­
C, is not practicable. The OMEGA system when it is fully operational will provide 
near-worldwide coverage. 

4.2.4 Coastal Phase of Marine Navigation 

Requirements for operation within the coas~al0area are notcnoW fully met. In 1.'~74 
LORAN-C ·was designated as the Government-provided pr~mary radionavigation 
system for coastal areas of the coterminous lfl states, southern A~a, and the 
Great Lakes. LORAN-C will be fully implemented in 191011 LORAN-A is bei"'g 
phased out on,& regional basis according to the schedule described in Volume ID. 
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The marine radiobeacon system pruvides primary service in the coastal area'. and 
Great Lakes f~ smaller marine operators, and bac~up service for all categories of 
users. Radiodirection finders (RDFs) are the (?nly externally referenced ra~o­
navigation equipment required in merchant ships by internati~ agreement. 

4~2 • .5 Harbor and Harbor Approach Phases of Marine Navigation 

Navigation in the harbor and harbor approa~h areas i_s accomplished currently 
through use of fixed and ·fl~ting visual aids to navigation, radar, and audible 
warning ~ignals. The growing concern for means to reduce the inc~ of, acci­
dents: and to expedite movement .of traffic during periods of res!ricted visibi!ity 
and ice' cover has resulted i'1 the implementation of Vessel Traff!~ Services (VTS) 
and investigation of the use of radio aids to, navigation. Specific quantitative 
requirements for navigation in the Harbor and Harbor ,Approach phases, which will 
vary somewhat from one harbor to another, have not been developed and are 
significantly more demanding'than for ··ocean and coastal navigation. LORAN-C is 
being investigated as a means to providedmproved all-weather position fixing 
capability in harbor approad,l channels, and hart,ors. It is anticipated that the •Jse 
of LORAN-C wiH be ex~ded progrtsiv.ely into major harbor approaches. 
Operations ~ the connecting w~ters and in~ harbors on the Gre~t Lakes are ~im~Jar 
to those in the Harbor and Harbor Approach ,phases, ai-4 .genera,ly have more 
stringent navigational requirements1 than the coastal phase of navigation. Short 
baseli~ as well as augmented' LORAN-C chains are be~~g examined to meet 
requirements for these areas. 

'4.2.6 Inland Waterway Pha~ of Marine Navigation 

This phase of na.vigation itS concerned ,primarily with those vessels ·which are--not 
ocean-going. Specific quantitative reqliirements _.for navigati~ on rivers and other 
inJ~ waterways have not yet been developed. Visual an~ audio aids to navigation, 
radar, and intership q,mmunications are presently used to enable safe navigation in 
those areas •. No change in this practice is expected in the immediate future. 

4.2.7 Land Navigation Pha~ 

The government-does not have a specific responsibil~ty under law to provide radio­
location systems' for civil land use. However, under the general provisions for 
improving t~ safety and efficlency (of transportation, a number of research, 
development, ~ *monstration projects have been sponsored. Also, there is 
nothing to prev~t a prospective user from t~king advantage of an or,erating navi­
gation~ system. 

The practicability-of UJiing radiolocation systems for land operatior.s ~ being.evalu­
ated by a number of State and municipal governments and by muni~ipal transpor­
tation entities. Demonstrations o,f automatic vehicle monitoring (A VM), automati~ 
vehicl~ location (AVL), location identification, ~mergency services coordination 
(d.lspi'tch), p«sonnel protection, enviro~'.\'l'lental situati~ monitoring, and resources 
protection are plcUUled. 
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State anct· local go_vernments supply mo~t .of the raw geogrartk, demographic, 
agricultural, and ind~~trial data required by the ::,Feder~ government for planning 
and- management purposes. In some ~l')Stanc~ t~ data are ·~y roughly cor­
rela~ as to geographic location. Some Federal agencies have_ related problems jn 
determining, political boundari~, particularly in rural areas. ,Efforts .ir~ underway 
to .sy~tematize and correlate ,~graphic datn ~ files with respect to a comm\'kf 
coordinate frame of reference • . :-his i~udes use.of the Departm~t of eomrnerce, 
Bureau of the Cens~ Geographic Base File/Dool Independent -Map Encoding 
(GB~/DIME) file. 

Land ·location has tentatively been broken down intQ two pha~s: 

1) 

2) 

Site Registration: Recording the location 9.f a place or event for. 
record purposes or to·retum to it at a later time. 

A~tom_atic Vehicle Monitoring. (A VM) or ,._ocati~) (A Vi'.): The 
tracking of ,1~ vehic~es by me~ing ra~ionavigation· or location 
signals in the vehicle and tran~itt_ing the i'esults of tnat 
m~asurement to a central facility ,or display. 

'.4.3 EXISTING SYSTEr.,S - ·St,t\ TUS AND PLANS 

4.3.l LORAN-A 

LORJ\,~-A was developed for military use ~uring 1or~d War •II to provide a long­
range radio~vigation capability. It was later ~dopt~ by civil marine and air 
users. All U.S.-operated LO~AN~A stations are scheduled to cease operations by 
th. ,end of 1980. The plan for ,LORAN-A is shown in Figure 1-4.J. 

·4.3.2 .LORAN•-C 

~ORAN-C was developed to provide ·military users with, a radionavigatiori capa­
bility having much greater accuracy t,han tORAN-A. It w~ su~equentJy s~lect'!d 
a:s the-U.S. <;;overnment-provided radionavigation system for•civil marine use in the 
U.S. coastal areas. 

A. Operating Plan 

In 1974, ,LORAN-C was designated as the U.S. Government-proyided ~vigational•. 
system for the U.S. coastal areas. Implementation of the program authorized_ at 
that time is ne:1rltcomplete. The planned cov~age by 1980 is,show,:1 in Volume m. 
The schedule for •implementation of LORAN-<;: to provide total cover~ge for U;S. 
contiguous waters and a4jacent land areas' is)sMwn in Figure 1-4.2. • ' 

When t,he Great I.ak~s chain reacheiS f~1 operational= status in e~rly 1-980, ·it will~ 
'for the first time, provide a high accuracy navigational capability for the open 
wa~ers of the Great Lakes. 
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User Community 

Historical.ly, t~ major user of LORAN-C has been the military. Civil marine \Be 
of LORAN-Chas been limited until recently by the lack of low-cost receivers and 
by a Jack of coverage in much of the U.S. coastal ~a. Technological advances are 
rapidly lowering user equipment costs and coverage limitations are being 
eliminated by the station expa,won, and improvement program now under way. 
User e~ion could be •~cetera~ further by new classes of users, especially f~ 
land applications, and the decreasing cost of ~ equipment. The projected 
numbers of civil and military users are shown in Table 1-•.6. 

c. Accepfance and Utilization 

A hig~ degree of user interest in LORAN.;C is in evidence and acceptance is in­
creasing. Because -of system reliability as well as accuracy, coverage, and cost 
factors, a rapid growth in user population is anticipated. 

There are a number of LORAN-C chains in operation overseas. to serve U.S. mili­
tary requirements -for navigati~ service. So~e of the stations are operated by 
the U.S. Coast Guard, while others are operated by the host country under bilateral 
agreement. ~ service is available to all users, military ~ . civilian, of all 
"'tions. Ot~ than the United States,,however, C~~ ~ the only country that is 
~mmitted· to the operation of LORAN-C ~vice for general use. One Canadian 
-sta~ion has been built in British Colurribia,,and a second will .be· built on Va,o,uver 
Island. The former acts as a --rilaster to a COITl~ined U.S./Cana4a chain serving the 
U.S. northw~st, southern Alaska, and W~t C06St of Canada. 'The second station 
will close coverage gaps in the areas of Dixon Entrance and Puget Sowld. It ·the 
u.s.s.R. there • -two LORAN-C chains operating; one in the southwestern part 
~f. Russia, the in eastern Siberia. Their coverage is mostly over land. 
Several ~ther nations are known to , be considering LORAN-C for their own 
requirements. tThe DOD currentJy--l'leS L9RAN-C; however, this -- use will phase• 
down as NA VSTAR GPS beco~ operational. 

Since the .LO~AN.;C stations must be land-based, and they have a useful range of 
about 1,000 NM, it =is not feasible to provide worldwkfe coverage utilizing this 
system. The coverage area is fixed by the area where adequate geometry and 
signal-to-noise ratio are available. 

D. Outlook 

~ adequacy ~ ra~ie>ni!-Yigation service in island areas such as Hawaii, Puerto 
Rico, the U.S. Virgin Islands and the North Slope of Alaska is under study •. Qepend­
ing on the results of this study, ~PRAN-C ~vice may be expanded in these areas. 

,When the-LORAN-C ~ystem l>ecomes fully operational in early 1910, its signals will 
cover not only U.S. coastal areas and other waterways, but also about two-thirds of 
the land area of the cotermi~ U states. As a consequence, it is anticipate4 
that LORAN-C will be used increasingly to provide position location information on 
land. To extend the coverage for this purpose to the entire coterminous IJI states 
will require three to five additional-stations in the midcontinent. 
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The number 9f stations may 'have to ,be further inc~ to provide adequate 
signals <flVer the entire U.S. if LORAN-C is an acceptable common system replace­
ment for aviation. ~•t~onal • inte~tional agreen,en~ would be required t~ 
adopt LORAN-C as the short-distance navigational system standard. U user equip­
~ent costs ,can be reduced :to be comparable w~th those of LORAN-C, then 
NAVSTAR GPS ~ the potential ot becoming an alternate system. 

The LORAN-C system for the coastal areas Js expected to continue in operation,at 
least until the Year 2000. This estimate is based on the adoption,and • of this 
system by a very large user population, and the absence of any pear-term .prospect 
for its replacement. When NAVSTAR CPS -becomes operati~onal, military use of 
LORAN-C is expected to J>!)ase down. Army ,phaseout ~l LOR~N-C will be 
completed by 1991, and Air Force phaseout will be complet~ by 1992. Navy users 
will: continue to operate LORAN-C receivers as Jong· as the system is available; 
however, Navy use of LORAN-C,will be re-evaluated at the time ~f NAVSTAR GPS 
phasein. .. • , 

4.3.3 OMEGA 

The OMEGA system has been developed and is being implemented by the Depart­
ment of the Navy, with the assistance of the Coast Guard and with the partici­
pation of several partner .nations. The Coast Guard has the U.S. responsibilities for 
the operation of the system. In additi~, otl:.er countri~s are participating in a 
signal monitoring effort to assist in verifying syst~m accuracy. • The purpose of 
OMEGA is to provide an all-~eather, nearly ,worldwide position determi'1&tion aid 
to f!&Vigation for civil and militar.r air and marine users. 

A. Operating Plan 

At present sev~ of the eight permanent stations required,for worldwic;te coverage 
are operational. The seven stations are located in Norway, Liberia, North Dakota, 
,Hawaii, la Reunion Island, Argentina, and Japan. A temporary station is located in 
Trinidad. All stations are in normal operation, i.e., they are on air, synchronized, 
and transmitting at a nominal radiated power of 10 kw at 10.2 kHz (Trinidad 
transmits at J' kw). Figure 1-4c3 outlines the operating plan for the OMEGA 
system. 

The Coa~ Guard operates the two st~tions l~ted in the,U.S., and con1f~cts the 
operation of the stations in Liberia and Trinidad, subject to reimbursem~t by ~I!~ 
U~S. Navy. The remaining sta_tions are operateci> by the partner nations with 
varying degrees of technical ~ logistic support from the U.S. Coast Guard. 

The temporary station l~ted at Trin~d in the.•~ Ind~ is'-planned to ~~inue 
operation-until the Australian station becomes avai~~ in .late 1~. 
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8. User Comnu1ity 

In:..~iti~ to the DOD air- and .,..~ users, some, commercial and,private ships 
and:aircraft are using the OMEGA system. A number of air carriers and private 
aircraft operators have received approval to -use OMEGA either as an update for 
their seJf-contajned system or ,as a soJe means of navigation when operating on 
oceanic rputes. The projected runa.s of civil and militay users are 3hown in 
Table 1-4~7. 

c. Acceptance and Utilization 

Beca~-of OMEGA's extensive coverage, it is expected that~.civil use will involve 
v~s. crossing the high seas and some aircraft operating in oceanic airspace. 
Foreign ships 'and ai,rcraft use this internati9Nllly operated system. 

Current information indicates that the ex_isting ~ven permanent--stations provide 
navigational cov~age over more··than 90 _percent of the earth's ufac:e met, vir.­
tually all of the ·Northern Hemisphere. The eighth station wilJ be completed L'v 
l~te 1910. The existing transmitting stations are usable for nav.atian. The 
~verage and,~racy of the system are being verified by a ~t program 
~ing conducted on a regional basis. This . program includes collecting data from 
fixed monitor receiver sites, to correct and update propagation models and ~les, 
and special calibration tests to confirm propagation parameters affecting COftrage 
~ availability. As each given geographic ~ea is vallda!ed, the OMEGA system 
will be ~ed operational in that area and users will be advised as to operational 
limitations as appropriate~ The OMEGA system per se cannot be declared fully 
operational worldwide until the eighth station is in operation and accuracy -and 
coverage can ,.be measured and validated. This is expected to take place sometime 
in 1913. In addition, several air ~iers are collecting data on OMEGA 
perform~ on ce~ain oceanic· routes in support of the measurement program. 
Use ~f Q.MEGA has been certiiied by t~ Federal Aviation Administration (FAA) 
for use on the North Atlantic by several airlines. 

The OMEGA system is limited in accuracy due to propag~tion effects, and restric­
tions on use of the signals when close 10 a station~ For these reasons, OMEGA 
camot meet the requirements for maritime navigation in U.S. coastal areas or for 
aircraft flying in U.S. terminal airspace. 

D. -:Outlook 

No expansion in the.number of stations is envisioned. However, an expanded trans­
mission format,. involving t~ addition of a fourth navigation frequency and a 
unique frequency at each station, whi~ could further resolve lane ambiguity, and 
provide positive station identification, has been implemented. 

Differential OMEGA, "which is still -in the· developmental stage, c~ provide 
another expansion· possibility. Experiments to date, conducted principally in 
France, Canacfa,. and the U.S., have investigated ~he degree to wtuch this technique 
can improve the··accuracy of an OMEGA fix, and have explored alternat,ives for 'the 
format of broadcast- differential corrections, radio frequency to be ~ for 
broadcasts, and techniques for r~iving and ~pplying differe,1tial corrections 
automatically. 
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·The 00!),has adopted OMEGA as an en route navigational system for ajrcraft and 
ships, replacing LORAN-A. The development of low-cost, combined LORAN­
C/OMEGA receivers should also enhance use of the system. 

The FAA plans to il)vestigate the use of Qiff erentiaJ OMEGA, as a potential navi­
gation system -for aircraft operating in- remote areas, primarily in Alaska. Some 
countries .are also considering the use of Differential OMEGA for coastal marine 
navigation. • 

Because of the interna•~ional character of the system and anticipated international 
user acceptance, operational decisions regarding system ,life must be coordinated 
with the partner natiQns. TI)e military use -of O,MEGA will be phased out by the 
Army_ in 1991 and by the Air Force in 19,9~. The Navy will use OMEGA as a backup 
to NAVST AR GPS for ci?rtain of its vessels arid aircraft, but plans to re-evaluate 
its use at the time of the NA VSTAR GPS phasein. 

4.3.4 VOR, VOR/DME, VORTAC 

VHF Omnidirectional Range (VOR) was developed as a replacement for the Low­
.Frequency Radio Range' to provide a bearing ~rom an ~rcraft to the VOR trans­
mitter. A collocated Distance Measuring Equipment (DME) ,provides the dist~ce 
from the aircraft to the DME transmitter. At most sites the DME function is 
provided· by the TACAN system which also ·provides azimu~h guidance to military 
users. Such combined facilities are called VORTAC stations. 

A. Operating Plan 

The Federal Aviation ~dministration operates approximately 770 VOR/DME and 
VORTAC stations and 1.50 VOR stations~ A small increase· in the number of 
stati~s is planned during the ~xt 5 to 10 yea~, to meet the requirements in 
specified areas. The DOD also operates a few statiQnS in the U.S. These ~e• 
availabl~ to all users!. The operating plan for VOR/DME/VORTAC iS shown in 
Fi~re 1-4.4. 

Much of the gro\lld-based equipment is between 1,5 ~ .30 years oid and reaching 
tJle end of its useful life. Cost studies have shown that replacing obsolete vacuum­
tme equipment with solid-state equipment will pay for itself in $avings on oper­
ating and maintenance costs. Based on this, the FAA s~arted a replacement pro­
gram during Fiscal Year 1978. 

8. Us« Community 

Approximately 80 percent of the g~raJ aviation aircraft are equipped with at 
leaJt one VOR' rece.ver. AU air carrier aircraft depend on it for bearing informa­
tion. DME is used to ·provide distance- information for all U.S. air carrier aircraft 
and for · a large number of general aviation aircraft and military aircraft operating 
in tJ.S. airspace. The projected civil and military user population is shown in 
Table 1-lf.8. 
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c. Acceptance and Utilization 

VOR ,is required for aircraft operating under Instrument Flight Rules (IFR) ~I'.' U.S. 
ai~. It is al~ t~ internationally accepted standard short-distance 
radionavigation aid ~or over land and continental approach ~ in air c&a'rier an.ff 
general ~viation IFR .,_..ations. It is easy to use and is generally well liked by 
pilots. Br~use it forms the basis for defining the airways, its use is an integral 
part_~f the:air. traffic control procedures. 

VOR/DME is,currently protected by •nternational agreements \l'\til 191,., The FAA. 
expects th&t the pr ... : ~.ti~ date wiJJ'be ext~ to 199' and Js incli~ to support 
that extension for the following reasons: 

I) 

2) 

A large internadonal, investment for both VOR/D~E 
ground equipment<~ avionics currently exists. Adequate 
time must be aJJowed to amortize that investment. 

A~µate time must be allowed to develop. rules, regula­
tioi'5, p~~ ~ equipnent re~ted to any new sys­
tem. . Given 'that NAVSTAR ~PS -will not ~ fully 
~ational until 1917,"catition dictates that the existing 
system i>e mairatai~.operationally until at least 199,. 

Nay attempt· to replace VOR/DM~ with an alternate system would requir-e approvat 
'by the. various international ICAO bodJ~s and by the member states. 'The process 
for such approval is estima~ to take 2 or 3 years minimum, and m9~t likeJ~. -at 
least ·, y•s for an issue as complex ~ NAVSTAR GPS. ,Once. a repiacement is 
choien~ an overJap·must be provided between the new system and t~_ oJ~ system. 
ICAO, ·for the rea90n noted above, is anticipated to favor -~ reasonably.,19flg over­
lap. ·ta the a.ase of MLS/ILS, for example~ ILS is prot~tEid to at ~ast 1'9,. 

Given die abov~- considera'tiyns, it is realistic to ass~e that VOR/D~E must be 
operated to at ~~ 199.5. 

DMEs are also increasingly being ~ in conjunction with t,fle Instrument Landing 
System (ILS, paragraph lf:3.6) to furnish continuous ranging~1n,01·mation throughout 
~he approach and l~ing ptiase. DMEs-are also presently being(!l'ed where marker 

1beac~ are not practical. In addition, a compatible precisiqn DME (PDME) is 
expected to be employed in ~j...,~tion ~ith the''Microwave Landing· ~ystem (MLS, 
paragraph , ••• 1) to aid the flare maneuver associaJed ~ith CA. T Ill landing. These 
factors increa~ ,the probability that the DME system will be employed 
domestically and internationally well past 199.5. 

Si~ the VOR/DME system operates ,{It ·frequenc~es which are limited to line-of­
sight coverage, sjgn~s are not,. r~ivab~ in areas where terrain such as mountains 
intervenes between the ~~rcraf J/and the transmitting sites. As a practical matt~ 
the system is ~~ noise-Jimited"and the ~line-of:..sight limitation is ameliorated,,by 
·overlapping or near-overlapping-coverage·i11 many. areas. 

J;-40 



I 
I 

I 
I 

I 
f 

' 

D. Outlook 

Only a small increase in the nunber of trllNimi~inl~ ii llfejlcllf.,.. tlie · 
next -decade in t~ U.S. Thete will meet ~r•••• ._. ... .,,_.., ,.. 
airways, and speclahfilukan requirements. 

A substantial incrHSe ·in the general aviation me_r catepry' ii anticipated with the 
contirung.powth of the runber of aircraft being operated in U.S. .,...c:e Md the 
accompanying decreasing ~ cost. There ~ :little or M ~ of-the s,stem 
expected by non-aviation whicles. The line-of-sight sicnal propllation wioully 
IJmits coverage at gl'O\ftl level. ,· 

VOR/DME supports the current airways structure which is the•bu,is for ~r traffic 
·cgntrol procedures and, operations. At, present, no system has been identified by 
the FAA as·,a replacement. However, OMEGA has been certified as a lUFPlefflent 
to VOR/DME. ,(ORAN-C certification· is expected for coastaJ, low altitude and' 
remote area navigation. 

VOR/DME is expected to be in service at least u.~til 199.5. Under in,ernat~ 
(IC~O)...agreement the system is protected thmugh January <l, 191.5. There is a 
strong possib~ity that the lesser-developed ~tries which •~ be'gimq to 
i,mplement VOR/DM~ as part of their Air Traffic Control systems and the CM­
tries where VOR,{DME~.Js the txisting radionivigation system will press fot and gain 
an extension <?f" the ICJ\O, -YOR/DME pr(?tection date to 199.5. Also, even if an 
alternate system such as LORAN-C or NAVSTAR ·GPS should prove acceptable to 
the international aviation commtl'lity, tt,~f, implement~tion would not start wrtil the 
la~ 1 '80s or early 1990s. It would require a .substant~ period beyond that befe 
econolJ)ic phaseout of VOR/DME could be accomplished. At pr:esent, VOR/DME, 
in addition to its flexibility when combined with RNAV, is a highly cost-effective 
system. 

The DOD VOR/DM_E operational c~pt is to maintain present system coverage 
until a suitable replacement is available. Present plans· for expansion of· the 
VOR/DME .system are limited to site modernization or facility relocation. 
NAVSTAR GPS ~ the p~ replacement for DOD VOR1DME af!(I VORTAC 
facilities. This transition will start in 1916. Phaseout of VOR/DME will be 
comp~ted by the 1-.avy in 1990 and by the Air Force ,in 199.5 (assuming NAVSTAR 
GPS or other suitabler alternatives are identifi~). ,Re-evaluation of. the· need for 
Army use of VOR/D~E will be accomplis_hed at the. time;of the NAVSTAR ~PS 
phasein. In the ·,case of a military VORTAC site due for phaseout that has 
developed -~ app~le civiliarMJse commun_ity, transfer of operational 
responsibility to the DOT will be discussed between DOD ~ DOT. 

4.3 • .5 TACAN 

The Tact~~ Aid to Navigation (TACAN) is a UHF radion•vigation system ~ch 
provides a pilot with· relative:~ing .and ·distance to a beacon on the ground, ship, 
or to -speci~ly equipped airci~t. TACAN is the P"imary tactjcal air navigation 
system for the military services ashore ~ afloat. TACAN is often collocated 
with the civil VOR stations (VORTAC _facilities) ,to permit mUitary aircraft ming 
military equipnent ~ operate in civil air~. 



A. Operatin& PJan 

The DOD pre1111tiy operates approximately 1♦0 ground md'200 ship-board TACAN 
beacons. Present TACAN coverage ~ will be maintained until phased out in 
favar of 'NAVSTAR GPS. However, NAVSTAR GPS alone ~t ~ the 
TACAN fWlCtion afloat (moving platforms). 

Civil · DME and "the distarace-meuuring functi91!S of TACAN will ·.:ontinue to be the 
same. The operating plarl for TAC~N·is .. shown 1 'figure i-..,. 

8. User Community 

There are present.-' .,,. approximately 13,700 aircraft which are equipped to determipe 
bearing and d;istailce to TACAN beacons. These consist primarily of Navy, Air 
Farce, and · to a lesser extent, Army aircraft. The prospective civil and military 
user populations are shown in Table 1-♦.9 . . Additionally, NATO military •vices 
Ute TACAN extensively. 

c.. Ac:cep~ and Utilization 

TAC~N is used by DOD and NAJO·aircraft oper~ting under IFR (lnstr1nent Fligtlt 
~ules) -~-t and: .IFR- and VFR (Vi~ Flight Rules) for tactical and en route 
n&vi&ation afloat. Since ?AG~N provides good ac:curacyci~ range_ and ~uth and 
is easy to use, it is·jenerally well accepted by civil and military pilots. 

Because of propagition characteristics, TACAN is limited to line of sight· which 
approximates IIO miles,at higher altitudes. To receive range information an air­
craft must radiate, thereby increasing the probai,ility of detection. As with 
'VOR/DMt special consideration 'must Je~given to location of ~ TACAN 
1facilities, ~ially in areas where mow}tainous terrain is involved due to its Jine­
of-sipt coverage. 

D. Outlook 

All fixed DOD TACAN systems will be phased out commencing in 1,a,-and will be 
completed by 199,. Several options will be avajlable to rep~ TACAN on moving 
platforms. These options include NAVSTAR GPS with a data link, NAVSTAR GPS 
ming t~ Joint Tactical )n#armation Distribu~i~ System (JTIDS) as the data link, 
and m~t~ning existing TACAN beacons. ·lhe Navy will f:lave a cont~ng 
requirement to perform the TA GAN function, both ~ 'and afloat. The decision 
-on afloat replacement of the TACAN function will be made at the time of 
NAVSTAR GPS phasein. 

•.3.6 ~tnment Landing System 

The :lnstrument~Landing ·System (JLS) provides ldrdaft with precision vertical and 
horizontal navigation (guidance) , information ckring approach and ·landing. 
Allocia1ed marker beacons or DME equipment i~tify the final approach fix; the­
point wtiere·~ final descent to the runway is initiated. 
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SYSTEM: TACAN (DOD Total) 
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A. Operating Plan 

The FAA, as ·of March 1979, operates '81 full lLS facilities, each providing airaaft 
with _vertical and hori.-.tal ~ to the nmtay. The FAA also operates ,­
localizer-Gftly sites. Sixty~ additional civil faciJjties are non-FAA~•~ for 
a total of 696 commissioned civil systems. By 1912 the number of ILS sites will 
reach 991. eighty-four of these will be capable ?f ~mitting automatic landings 
under Jow ··weather minimums. In addition, there~ 93 ILS facilities operated by 
the DOD in the U.S. The operating plan is shown in Figure •·'-

Many ILS facilities att of obsolete vaa.un-tube design and are being replaced with 
solid-state equipment. 

B. Qser Community 

Federal regulations, require U.S. air carrier aircraft to be •equipped with ILS avi­
onics. It is also extensively used by ~al aviation, aircraft. Since JLS is the 
ICAO standard landing system, it is extensively med by air carrier and general 
aviation aircraft of other COl.lltries. The projected civil and military population is 
shown in Table l_..10. • 

c. Accee!!!'f! and Utilization 

ILS is the standard civil landing system i!' the U.S. and internationally for aircraft· 
operating Wider JFR conditions. s~ its introduction in the I ,.Os, it has ~ 
installed in steadily growing nurn~s throughout the world. Part --of its attractive­

ness to aircraft owners lies in the economy of avionics costs. Since the IL~ local­
izers and VOR stations operate in the same frequency band, common receivers are 
used. 

Military services use ILS at fixed bases in the U.S. Special systems are used to 
meet unique military requirements, including ship-board operations. 

o. User Base Expansion 

A 1976 estimate is that the ILS user base consists of approxiately 2,600 air carrier 
and,•7,000 general aviation aircraft. While no detailed estimate is available for 
t~ user base growth rate, all air carrier aircraft added to the fleet will be ILS 
equipped and the growth rate for general aviation aircraft is expected to approxi­
m&te the same as the overall general aviation:growth rate ot approximately 743ft per 
year. 

E. Expected System Life 

ILS is ,currently protected by international (ICAQ) agreement through at least t 99,. 
:Protection past 1995 is a possibility. 

F. System Limitations 

ILS limitations m~ifest themselves in th~ majc.'1' areas: 
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SYSTEM: ILS (qivil User Totals) 

DESCRIPTION: Thi Instrument Llnding System (ILS) ii a pracision approach sy1t11n consisting of 
a localizer facility, a 9'1de 1eope facill~, and two or tine VHF~man• bwonl. 
Thi VHF '(109·112 MHz) localizs faollity providll MCUratl, 1in9'e path horizontal 
guidance information. Thi UHF ~321 . ..-S.4 MHz) llicli slope prcwlclll pt'ICiN, 
single path, vertical guidance Information to • la_ndintl aircraft • . 

79 80 ·81 12 83 84 8& 

No. of Civil UNn 80.8 63.8 88 70. 7 72.( 7ti 77.5 

No. of Equ..-,11 in Service 72.7 76.5 81.6 86 87 90 93 

Ground Stations 816 r1e a18 118 818 8j& 111 

T..ULE I-4.10 (Cont.) Instrument Landing System (ILS) User ·Schedule - Civi-1 
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1) Performance of individual systems- can be affected by 
terrain, man-made obnacles; e.g., buildings ~and ~face 
objects such. as taxiing airaaf t and snow banks. These 
item~ '.may impose permanent ·use ~traints· on 
individual systems or limit their use at certain ti~ 

2) Since ltS provides only a single straigh~-l!ne approach 
path, it constrains airport operations and limits flexi­
bility in relation to provided multiple-approach 0paths 
for non-control and optimum aircraft performance for 
various aircraft types. 

3) Even though the new ,0 kHz frequency spacing will 
eventually double the ILS channel availability, fre­
quency sattration limits the number of · syste~s that 
can be-installed since ILSs in close proximity can cause 
mutual-interference if adequate frequency separation is 
not available. 

lf.3.7 TRANSIT 

The Navy Navigation Satellite System (NNSS), also ref erred· to as TRANSIT, is a 
satellite-based positioning_ system which provides submarines and surface ships 
(civil _and military) with an accurate two-dimensi~ positioning capability. The 
T@.ANSIT system consists of a minimum of four low-altitude satellites in near polar 
Qtf)its, groll'ld-based monitor stations to track the satellites, and injection facilities 
•t~- updat~ satellite orbital paramet.ers. Developed mainly t<'· support the Navy 
Fleet Baliistic Missile Submarines, TRANSIT is now installed o,. many foreign~ 
commer~ial vessels i!l ·addition to many military. surface vessels. 

A. Operating Plan 

The DOD plans to ~ontinue as the operator of TRANSIT until 1992. Specifically, 
ground-based ·monito_r and injection facilities and replenishment satellites will be 
funded and opera~/supported by the ~vy. Phaseout'by military T~ANSIT users 
in.favor of NAVSTAR GPS will begin in 1916 and end in 1992. 

There are presently five operational TRANSIT satellites (OSCAR). 1be Navy will 
~aintain a minimum of four operational satellites on orbit. An improved satellite 
(NOVA)' is ooder development and it is intended tq change to a satellite 
constellation ~nsisting of a ,minimum of two NOVA and two OSCAR. satellites 
startipg in 1910. The operat~ plan for TR,\flfSIT is shown in Figure 1-4.7. 

8. user Community 

There are ~sently about 270 military TRANSIT users. Foreign and domestic 
commercial vessel use of the TRANSIT system has far outpaced the DOD use. 
Present estpnates-•e that about IJ,000 sets are i" commertj_al use. -Determination 
of precise position (surveying) has recently becomevan important use of TRANSIT. 
The projected military user population. is sho'!fn in Table l_..11. 
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Acceptance and Utilization 

TRANSIT provides~periodic, ~Jdwide, position-fixing information for Nayy ships 
~ submarines and commercial' ships, as welJ as grciund UKrs. It i& well accepted 
as, indicated, by the large increase in commercial sales in• rece,:tt years. The 
increased commercial demand for user equipment,.and a continuing increase in the 
number of equipment manufacturers hasn:duced-the user equipment.costs. Special 
DOD cciMiderations include: 

2) 

3) 

The· small number of $ -=ilites make the likelihood of 
successfulcountermeasures very high~-

Since TRANSIT is a Doppler ~ystem, small errors jn• the 
user's esti!11ate of their owri velocity can ca~ {arge 
errors in user position;· thus TRANSIT is impractical for 
.fast-moving yehicles. 

Due to the frequencies transmitted, use in a submarine 
demands a receiving antema be pl~ above the 
surface of t~ water during a portion of a TRANSIT 
pass. 

D) Outlook 

With the exception of the transition_ to a saiemie constellation consisting 9f a 
minirrilffl of two improved satellites, t_here are no plans for any system expansion. 

DOD use and operation of TRANSIT will be phased out in favor of NAVSTA~ GPS 
during the period from 1 '86 to 1992. NAVSTAR GPS will perform the TRANSIT 
fu~tion with continuous availability, greater accuracy .and greater resi.stance to 
countermeasures~ of the Jarger.:number of ·sateJJites and their higher orbits. 

4.3.8 R~iobeacons 

Aeronautical Noo-direc1j_or1al Beacons (NOB) are ~ to supplement VOR/DME in 
the en route airspace iri.:the statec- of Alaska. They are also used fqr transition 
from en route to airport precision approach facilities and as a nonpr~ision 
approatj) aid at many cµrports. The beacons also relay transcribed weather 
broadcasts. MarJne radiobieecons provide a backup to more sophistic~ted 
radionavigation systems and are the primary low-cost, medium accuracy system for 
ves.,els equipped with only minimal radionav,gational ~quipment. 

·l-52 



, 

\ 

f 

A. Operating Plan 

:~ FAA operates over 600 nondirectional beacons. In additio:1, _there-are about 
700 non-F..-aUy operated aerqnautical 1>eac:9ns. Duri:ng tM:next 1 o:;;~, expen­
di~ures for- beacons are ~ to be limitei;i to an OCfUional relocation or 
estab~ent of NDB for ILS transition, replac~fment of deteriorated ~,nents, 
and moderniza,ion of selectec;t facil.i~ies. 

There are approximately 200 marine radiobe~¢ons operat~ by the C~ Guard. 
Current plans are to outfit all the stations with new solid-state equipment ancl"to 
augment and reconfigure the system to provide better .,ervice and re~ to the 
i~reasing demand. 

TJiis effort wiJl ~ncJude installations of some new stations, relocation, of others; 
changu in transmitting procedures for selected beacOl)S, and changa ,• in !r~ 
cies. The changes in frequencies will result in more efficient use of ~he RF spec­
trum~ will provide for future e~ions if it~should be-needed. 'fhe,operat~g 
p~-is shown in f!gure 1-4.8. 

8. User Co-User Community 

~eronauticaJ NondirectionaJ ~cons (NDB): All air carrier,, military, and many. 
general aviation air .:raft carry automatic direction finders;(ADF). 

Mari~ Radi.acons: Beacons are utilized by all classes of u~s within the civil 
maritime comm~ity. They act as a backup ,for those ~ers having mor, sophi~ 
ticated radionavigational capability, and as a primary safety of operation service 
to t~ smaa recreational craft opera~ing in open water. The projected civil and 
military popt.atioo is shown in Tabl!! 1-4.12. 

c. Acceptance and Utilization·. 

The large number of general aviation aircraft and .ple~sure boats which are 
~uipped wiJh radit' direction finders attest to ~he wide acceptance of radiobeacons~ 
by the user community. The primary ,reason for t~ acceptance is that ~te 
accuracy can be achieved with low-cost ~ equipment. 

An incre~~ing number of recr~ational boats- wJJJ use marine radiobeacons because 
of the 0low equipment CO!~· Thiss use -will continue ~~icularly where more costly 
systems are not justified~ 

Radiobeacons,provide a beadng accur~cy relative to vehicle he~din~tn t~·order of 
3 degrees. This mi~t be considered a systemic limitati~f~t, in act~;use, it is 
satisfactory for mariy navigatjonal ·• purposes. They ar,cttr,§t i2.ir~a.~tory for ma_rine 
navigation with~n restricted· :channels or harbors. -R~di~ ~J.:A~-~ not J>r:ovide 
suffi~jent accuracy or:,coverage to-be used as ~ .P"W'art -ai~ • "tion fo,,-Jarge 
vessels in U.S. coastal areas. • 
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SYSTEM: lladiat1111an (NDlt/RM) (Civil U...Totlll) 

DESCRIPTION: Aircraft nondirecdonll bwon1 (NDB) _.. UNd to •pplllntnt,VOR-DME'in the 
111111 of Alllka for ll■llition from waute to airpo'1 precilion approecft facilttiel 
wt••~ approach aid at many 11irpor11. Thi bwon1·11to nliy trw-
_,._. lJWNlhlr broed1111-. Radio bNccMII.,. nondlrectional radio .,_nltting 
sllltionl whicll or:e,111 in 1111 low t....-,cy (LF) and medium f....-,cv (MF) 
bandl to_provide .,ound ~ .... to.,-,.. 

., 

79 10 81 12 83 84 ~ 

AIR (NDB) 11.4 •• to.I 94.& N.4 ·'9.3 102.1 

~ CIVIL 
=(XOOO) 

\l'I USER MARINE CRIN) 370 311 404 423 442 412 484 0\ 
(XOOO) 

NDB 121 821 129 121 129 129 ,.29 
GOVT 
GROUND 
STATION 

118N 1N 111 213 221 221 221 

Table 1-4.12 (Cont.) Badiobeacon Ueer Schedule~ Civil 
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D. -Outlook 

Only a small ··expansion is pJMned for either aeronautical or marine radiobeacon 
facilities. There is expected to be growth in the number of direction-finder­
equipped general aviation aircraft and pleasure boats. 

At present, there are no known alternative systems which would be u cost­
effective for the user and the Government. No end of service can be foreseen 
~tween now and. ,the Year 2Q,OO ~use of the wide and i.ncP.asing acceptance by 
users and the lack of a lower-cost alternative. 

IJ.4 PROPOSED SYSTEMS - STATUS AND PLANS 

IJ.lf.1 ~icrowave Lan<Jing System 

The Microwave Landing'System (MLS) is a joint.development of the DOT, the DOD, 
and· the National Aeronautics and Space Administration (NASA) under FAA 
management. Its purpose ~ to provide a civil/military, Feder~/non-Federal stan­
dardized approach and landing system with improved _perform~ compared with 
the existing landing systems. 

A. Operating Plan 

The l:J.S. Time Reference Scanning Beam (TRSB) MLS technique was selected by 
ICAO as, the international. standard in 1978. MLS is expected to replac:e the 
existing iLS. An MLS transition plan is i~ coordination. 1be 0;_1rrent operating plan 
is shown in-figure 1-"·'· Precision DME (PDME) is also expected to be included 
with -this system. 

8. User Community 

MLS applications are Ji~ited to aviation. Widespread use by the U.S. civil and 
military aviation community is anticipated. Potential users include all segll_lellts of 
international civil and military .aviation including -NATO. Projected -civil and 
military user popui:ation is shown in Table I-IJ.13. 

c. Acceptance and Utilization 

Within the U.S. there has been widespread support for ~ comm911 civil/milit~r 
MLS. MLS does not have the siting problems of ILS, offers higher accuracy ~ 
greater fJexib~ity, permitting ~i~ approach service to be provided at more 
airports. 

D. Outlook 

MLS will gradually replace ILS in national. and internati~ civil aviation. Military 
versions, including portable t~t!cal systems and systems for ship-board use, are 
plaMed. MLS will replace or -Ji~it the, deployment of ~standard or interim 
systems now in use. 
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MLS !S ~ted to aprite well beJond the Year 202,. lndulion of the L-blnd 
DME with MLS would require ext~ of the DME segment of VOR/DME tfw'ou&h 
the same period. 

•••• 2 NAVSTAR GPS 

NAVSTAR GPS is a system c:onc:ept IRler dnelopment by ·the DOD. It is a~ 
to provide politifflinc primaily for weapa1• delivery systems, as well al a runber 
of ~her military milaians. It will we satellites to prowicle worldwide, continuaul, 
real-time, all-weather, precision position location information to equipped users. 
The DOT is evaluating civil ~ of the NA VSTAR GPS system. 

A. Operatin& Plan 

NA VSTAR GPS is in de,eloprnent by a DOD joint service program office. It is 
a,rrentJy in the full-eale development phase. 00D ~cts to deploy an apera­
tianal system,~ an a demonstrated performance and ~ted cost merits. In 
1911 the DOD will make a decision reprding procluction of operational sat~ites. 
A DOD decilian re~ing production ~ mer equipment will be made in 191l. The 
systfflt is ,xpected to 'become operational in 1917. The operating plan is shown in 
Figure 1-lf~9. 

The NA VSTAR GPS ~•m calls for sa~Jite ~yment throughout tie 
full-scale ~velopment..-phue·to support the Navy's FJeet,Baµistic Missile Improved 
Accuracy Proaram ~ the J~AVSTAR GP$ user equipment initial opera~ test 
and evaluation in the 1911-l912°time frame. As user equipnent enters procluction 
and becomes available 'for operat~ use, the space segment will be gradually 
expanded to>an initial 11-satellite<deploymenf ~y !917. An operational NAVSTAR 
GPS Control Center (NCC) will be placed in operation to' support the aperational 
system. The NCC will perform all system,,control f~ons, including ~is 
computation, tracking, telemetry, and command of the Sfttellites. 

8. User Community 

The DQD expects extensive use of NAVSTAR GPS in almost every military mission 
area. DOT is evaluating use of NAVSTAR GPS to ... meet civil navigation require­
ments. The projected military user population is shown in Table l➔.t•. 

c. Acceptance and Utilization 

NAVSTAR GPS is being developed ,Wider the management of a joint service ~ 
gram off ice with the Air Force as the lead service. They are also ··the major poten­
tial user. The decision to deploy ·the system will depend upon the demonstrated 
performance and its, expected cost benefit. 

If deployed, the degree of its acc,ptance for _civil use will be especially sensitive to 
the successful desiF of Jo,w-cost user equipment and the navigational' services. 
j.;rovided. A successful operational evaluation is also necessary bef«>re any system 
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can ·be KC!IPtad • a civil ~ aid to naviption. The question of use of 
NAYSTAR GPS by the·dvil community internationally raises institut-1 qiiestions 
on sydena man•Hnetlf which need ~ eumina~· Present acancy 
prectictians· indate .t NAVSTAR GPS ii not ~ c enougl) to replace 
precision Jandinc s,stems or meet the marine requirelner' .S f~ hartior approach, 
harbor, and inland waterway mYiptian. 

D. Outlook 

NAVSTAR 'GPS is a pMlive radianaYiption system designed to provide high pasi­
ti~ ac:aJracy on a _..... ...._ The potential for many urers ~ -Yer/ high. The 
accuracy of the sipa1 awlied and' the COl'J• of user equipments will be major 
factors in any expllllion. Time is no official service life prediction for NAVSTA~ 
GPS at this time. It is expected, however, to provide• services well into the next 
century. 

••-' :SELECTING RADiONAVKiA TION SYSTEMS TO BE USED IN THE 
.FUTURE • 

Many factors determine the choice of systems to meet user requirements. They 
may be categorized aa:ording to operational, tec:mical, ec:anomic, institutional 
and/or international parameters. System accuracy and coverage are foremost 
among the tec:mical parameters foUow~ closely by spternic ~vailability and 
reliability. Certain unique parameters, such as anti-jamming performance, a;,ply 
to military needs. 

In .most ca~, current systems were developed to meet distinct and different 
requirements. They must ~ retained until suitable single or multi-user systems 
can be implemented. The current investment in gro\ftl and user equipment must 
also be considered. ii some cases, there may be intemational'c:ommitments. 

•• ,.1 Approach to Selection 

F-igure I➔.3· shows the sequential -process being' used to select navigat~ system! 
-~ be used in the future. It represents a coordinated DOD/DOT effor.t to resolve 
·all outstanding iss~ and to recommend the optimal choices for the overall 
National interest. by 1916. 

Work to provide tl)e dedsion data base is underway. DOT and 090 antici~!e 
comrletion of technical evaluations of candidate systems (including NAVSTAR 
GPS in 1912. At that time, the development of a joint DOD/DOT Ec:a,iomic. Plan­
ning Model will be completed •. It will enable detailed analysis of the costs and· 
benefits of different mixes of existing and devel~tal mvigational systems for 
-dvil and military users. , DOD and DOT will then have all t®,1s in place to arrive at 
infor~ ]udgm~ts prior to National decisir s. These decisions may be made in 
1916 after consultati~ to ensure .consistency in domestic and international 
operations. DOD/DOT decisions will be ref:«~ in the amua1 '"te of the 
Federal Ra4ionavip(ion Plan ~ ~ill be implemented tlxough the budget process. 
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The flow diagram (Figure -1-'fJ0) illustrates the need to analy~e both individual 
systems n -system combinations sequentially. Thus, even though similar analyses 
of civil suitability and: natinpal searity objectives are nece55&1'.y for individual 
systems in the 1910-12 time frame, a comprehensive overview of aJ1 systems must 
be accomplished later. This will ensure balance, c_onsistency, compl~teness a.id 
equal treatment of all viable alternatives. 

The flow diagram describes an ongoing_ process supporting the annual revision of 
the Federal Radionavigation PJa~. However, the process requires period~ status 
reviews and1 assessment of the impact on future decisions. The mechanism for 
doinJ this is incorporated into the DOD/DOT Radionavigation Pla:n revi~~-

Three years are scheduled £or consultations (1983-1916) with groups that will be 
-~ffected by the pending national decisions. This includes U. s. ajlies~.Jncluding the 
l'iorth Atlantic Treaty Organization-_(NATO), and both the lnter~vernmental 
M.~itime Consultative Organization (IMCO) and the international Civil Aviation 
Org,anl7,.ation (ICAO). An .intensive effort is necessary and desirable to establish a 
stab!.~ -framework for long-range pJaming by users and others affect~- by th~ 
transit'ic.,n to a new combination of systems. 

A three-step selection p~ JCeSS is visualized. First, DOD decisions a.re made 
whether a given system is necessary to meet national security requiremen~ or not. 
If no, phaseout·of their use of the system caQ begin. If yes, DOD requirem~ts are 
incorporated into the decision data base for c;onsideratic>n with other systems. In_; 
either case, the· second' step of consolidated DQD/OOT recommendations fol~w. 
These-consider fulfillment of civil and military requirements with t~ minimum 
number of co~mon user systems. Considerations of operational, technical, 
economic and institutional issues would dominate the selection process and finally, 
national decisi0115 refloct the outcome of consultatigns as well as public policy and 
budgetary review of the DOD/DOT recommendations. 

There are short- and long-term aspects that: need to ·be addressed in the ov~all 
process. Ttie Jong-term goal is to establish, through an integrated DOD/DOT 
planning and. budgeting proce~, a cost-effective mix of multi-aser systems for the 
post-I"' time frame. However, before decisions can be implemented, there may 
be incremental .improvements to existjng systems tt-.Jt ~ be cost-effective for 
the time period 1910-199,, regardless of the fi~~mix.,that is s~lected. Specifically, 
modernization of the VOR/DME, T ACAN ~ ,?ORAN-C transmitting segments are 
providing offsetting benefits to the re~red capital investment. ·Other 
improvements, such as LORAN-C expam,ion for land ~d air users, appear 
attractive but must be weighed individually 0f or relative cost-benefit. The 
selection process for the system to be used in the 'future allows t~ flexibility to 
~pt incremental -improvements where justified over the short ter~. Similarly, it 
permits systemic upgrading and research and development to allow the satisfaction 
of operational recprernents which are not met by existing or planned systems. 

Two key events stand out in the process: the 1983 DOD!OOT preliminary 
recommendation on, the future navigation system mix, ~ the 1916 decision at the 
national level. This decision becomes the basis for navigation&: system 

I-63 



......., ......... --· ,___..,..... 
·•'81 I t._. 

.......,__... ................ .......... -
111-. ........... 
::, ':.'I'~~-~ .... 
ca1-.~• , 
T_.,_...., _. ........ 
WRlll■II I II 

fTell.laD, 

-.-T­
C.-8""""'1• . --•-· ........... 
,..__...T_ ... ~ 
■-T_,_.....,_., __.............., ....... 
°"'91111R-.,t111 

,_y,puAL •m• ,IVfflMMI!\• 

...... ,u ..... c,., ...... 
~•CW!-

• ICAO 
• IMCO e NATO/Alllot 

INDIVIDUAL IVITIM IVITIM MIX INOIVIDUA&.IYJ'M 

YIMl-,,----':-:--.,..---·-----r,-------T1--------.;:... _____ , ________ ..., _________ A__,;;;. 

0 1 2 3 4 I I 1V 11 

c a IVITIM MIX 

FIGUBE i-4.10 Selec~~on of Initial ladiunavigation Syat~ Mix 

i 
I 
I 

I 
I • 

I 
I 



l 
l 
I 
' t 
l 

i,...Jementation. Following the 1916 clecisions, it is in~~ that this proces will­
be rmtned to reflect in-the Gft1N11 radianaviptian ~ IUCh fac1ml • new, 
requirements·and advances in tedlnology! 

•. ,.2 lllues to Be ConsicleN,cl 

This section describes, ~•••~ion operational, lpeCial' military,. technical, 
~ic, and institutional (including intematiOi'III) ---

A. Operational blue!, 

Volume ·D defines the op;eraticnal recpre_ments of civil and military users of navi­
gational systems. The following"~agraphs address -the operational ~ that 
define user requiremen~_. 

1. ~ U~/Op«amr •V~int 

~le meri/operators want the, most direct, economical and safest path to their 
destinations or, in--~me· cases, the ~ wants to locate a fixed point'« ~y. 
They -~ be able to l'elPO!!d ~~- and expedi~ly ~ traffic ·control ser­
vices. n ~~Y • mmt have the capability to navigate with accuracy consis'ient with 
their environment; the ~ili~·~f others ~ing ~ir space; the performance of 
their craft; and the rules, ·regu)Atians, ~ ~ -which 1G¥em'C!P8'~Jions. 

Operaton ~ ~ from a numb« of equipmentS needed to.use -.vai.l,lble aids~to 
navigation. Areas of operation, ~~ion,-~~ penonal preference and 
Federal Regulations Jarffly determine the aids which ~ dlOOle. to use-: ii the 
sel~~ian of equipm,nt, opera.-n ....,.1;1,, wish to limit ur ~~ the cost. An 
aircraft must be .ipped IO'that it ffl4Y be operated safely anc! in -=corclance with 
·a cleannc:e and ~pubis~ ,._t~ even iri the ~t· ~ failure of ~ 
sune~ or communicatians sys1em. A ship mult be ~ IO that it can 
navig~te safely without uailtarice ~ tlwl that provided t,y estabtisJled .. to 
navigation. 

a. 
1. 

Special ·Mili•¥ -­

Milimy ~ian Factors 

-OperatianaJ need is the principal influence in .the DOD selection proce•. Pretjse 
~viption is required for vehicles, anywhere on -~~~'s swface, on and under 
the IN apt in and above the atmolphere. Other factors that affect-the telection 
process~= 

a. The need for flexibility to ~• new weapon 
systems and ·technoJogy. 

b. Tl)e need for systems that se ~Jatively imffll.lle' to 
eneiny intet1~1ee or exploitation. 

~ The ~ of allied countries on pavigation 
s,.._ wflich are no longer'i UMd::lw the U.S. Military 
Services. 



e. 

f. 

g .. 

--- --------~--..... --

The ~ for rcliabil~ty in combat. 

Jnterruptiot,, Joss 01'. degradatjon of system operat~ by: 
enemy attack, polit~al action, or natural causes. 

'De~opment of alternate means of navigation. 

The ,.ct for geodetic accu~ retat'"" to a common 
reference' system to support strategfc and w:-iical 
o~at~s. 

The ~ection of DOD navigational systems is infl~nced. by the fact that military 
operatiOl'.'5 m1y be ~ted in areas where navigational f~~ities ~ , inadequate 
or nonexist~t. C~tly, transportable navigational facilitie!• may be,needed. 
00,D navigational sysiems must operate in extr~ ~virorvnen~ and, in ~'!'e 
qases, -unattended. ~vec,_.m some application~, _,.vi&ational syste·ms m~t be· 
very small and use li~le power~ 

2. ,~ivil/Mi!itary Compatibility 

QOD airQ'aft and ships ope:r•te in, ~ must ~ compatib~ with, civil environ­
ments. Thus, there are po~ential cost a~~l'5 in t~ development of common 
civil/military systems. 

3.- Review· and> Validation 

~ DOD radi~vigation syste~ requirelJlent review and validation process: 

o Identifies the un,iql!e com~ts, of rn~ion require­
ments· 

c· ldentif ies technological deficiencies 

o Determines, throug~ interaction with DOT, the impact 
r.,f new military reqw~ments·on the:civil sector. 

The requirement review ~ vaiidation process. will investi&t;te 
system costs, cost effectTv~ss, potential c~t- offsets, ·t.e.~e:r 
P9iJulatfons, and !fie. rel_3tionship of candidate systems to. ot~ 
systems ancl:' f~ti{)flS. V~i~tion of operational r~wrem~u will 
establish the necessity: o1 ,a system to insure succe·ssfu• mission 
completion. 

c. Technical Issues 

In .evaluating futu~ navigationaJ system ~idate,, there ~e a, 
number of t~chnical fac1ors wl)ich m4,5t be considered: • 

o Receive_4c ~ignal ·Strengtti-

o Multipath Effects 



o Signal Accuracy 

o Vehicle~Dynamic Effects 

,o ~jgna_l Acquisition and Tracking Continuity 

o Sig~ Coverage 

o Noise Effects 

0 

0 

·O 

.o 

Propagat~ori 

Interference Effects 
(Natu,ral, Man.Made) 

Instal.ation R~re :nen~ 
Environmental Effects~ 

D. Economic, bslies 

A nurn~ qf sys!ems rriay play major ro~s 'in nav1g~!ion in the futwe.·. Some of 
t~ systems, s~ as VOR!DME, artrli~~ted ,o·use by a:.singJe ciass of usen, e.g., 
aircraft, ,in specific areas. Ot~J, such ~ t <QRAN~, have wider -coverage are~·­
and applica.tion. Still others, ~ as ·NAVSTAR -Gi>S, have broad application and 
global c~~rage. :,vithout ~te analysis,-~ -caulcf'cancll*,,.superficially, that 
t~ "optimal-:• pojicy ~ -cortee:l!fate Government investment in a single fufU!e 
r~di~vigation sYstem •to fM.e~,all user _~quirements • . Such a ~lusion, bowever, 
·negl~ts t~ ~ign_if~nt--tJHr: .inv~1tm~t in ex.~~ii• systems and otf!er ~ic 
;.&spects which re~re a careful ~)"a..•of·costs and benefits. 

~fits derived ftom radi°'iaviga~Jon systems take many forms, but &re, sum~ 
rf,ariiecf ·trequent!y in tlvee. ~ily,ie(:•zeij major categories: ,impr.?ved safety 
of navptipn, greater ,efficiency in ~atiori and otfler commerc~ activi,y, 
~ rriore ~f~tive pro·tection o( nat~ security. Effi~~- in commercial 
mt~i!e ·pr~ ~~ benefits which are generally- obviom, but not ~ ­
easily ~~~iable. lmprovemeD.ts in gener~ safety ~ !eef~ity prov4de adc!1-
ti~, sipi!icant f!'.(:onomic benefits thrc>(igh the prevent~ of loss ~f !ife and ttrnb 
and protection of capital investrn«it. 

Di~t costs to the Government, as the opera~ of radi~vigational servic~, and 
.to the ~, who must ~ t~ •pment nee~ t_c:, ~ ihe serv~, ~t be 
carefuqy anal~~- The analysis of these cmt..s must COMider initial mvem:nent; 
opera~ing, -mainteriioce and replacement- costs; ·and. the \WIM'lortized capital 
investment renwning a, the time that re.,Jacemen~ of the system is contemplated., 
lri ,11,e civil sect~, the ,«,t of user equipment, :more t~ any,.other single .factor,, 
:influences the acceptability of a new-s~tem by the, majority of civil users. -~ 
stanti~-unamortized in~tmf!nt in·•user equipment ,or an older system will ~ 
~trong resistance to replacerne,t. 
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Altlloup economic issues are often~ to mission performance in military 
applications of navigational. srstems, DOD ~ are majar investors in 
navi~ati~ systems, su~ystems and ~ts. The acquili•ion of a system 
which is not cost~ect~ve diverts' DOD -raources from more productive uses; 
t~ore, affordability from a life-cycle-cost view is a prirM conc:em~ 

The -DOT and the DOD are deveiOF!n& an ecanomic model to evaluate costs and 
becnefits of :specific radionavigatlon scenarios. ·Such evaluation1 will be a part of 
the data 5UpFCX'ting Juture .~ons regarding the selection of civil and military 
navigational iystems. Cost/ benefit measure for all d1■es of ,-systems and users ~ 
planned to be attained by 1912. • 

E. .htitutional Issues 

Chapter 3 of this· volume defines the polig.- struct\ft paning the dnel~t 
and planning of navigational systems. While all elemen11 need to be ~ in 
f orm·waticn oJ strategy for system selection, the -principal unresolved issues 
ind • . the follo!fing: 

1. ,.Cost Recovery ·tor Navigat~ 'Servic:a 

By the nature of •~ ~tromapetic medium, serv~_:-~vided to meet .u. s. 
requirements can be ~ by any suitdaly equipped foreip or dDmeltic operator. 
At ,~t, there ii. no ~ or COit ~vied ~, the -United States on fore;_.. uaers 
for. tfli! "incidental" service. 

2. Si&nll,~vailability • Accvnq in Times of National 
Emergency 

The availability of naviptional signals of ~• accuntj at all times, includirii. 
times of strets, ii ellllltial' to'·ret~ on a IMft,. S,stem for safety of naviption. 
A preliniiwy ev~tion-~ the pr~ NAVSTAll _CPS ...-as indicates that 
m~,ciYil-~ prd ... y couldclle met with ttie cwae/acquili•~ lilMI• 
Caft~y, ~-d .,.;hWlity of optimum pll'fannancie may diminish national 
sear;iy GM~~ to that a trade-oft or cmlpl'Offlile ii mc111iiry. Hince, a 
propoaed natiarial policy, is 

1Nin1 *ellap1d ,on· the -cri•ia wlaidl will pv~n 
a~ty and accuracy. 1ht D1pall1N1.t ~ Defe911e -.propa111 that NAYSTAR 
Gf.i!S COll'M/~tian (C/Al __.~lie made rmtilUIUlly available on an 
international -.. for civil and a■111Jrdal uie at the ~t level of accwacy 
,~tent with ~tiDMI wurity .-ats. It ii pntlllltly projedecl that an 
aa:ur:_acy of 200m C!P-(,oom Z .... ) will lie •~ife. _Miftl the fint year of full 
NA'l$TAR ·GPS ~tion_:with ac:ancy ayaHeWr 1D d•ll \WI~ - time-
pailes. This policy is,a ~ element in. ~ -the non-milimy naviptional 
ser~s that can be~ an uae of NAbTAR CPS sipills. 

l. a,,.~tional Acceptance of:Navigatianal S,stelJIS 

·the goals of. -standardization ~ cost ~inimization of user. equipn~t ~ive the 
search for an intf!!'l'&tional cansensus on a select_ion of navigation&! systems. For 
civil aviatiorqr-~o establishes standards for int~tiorially used navigational 
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,systems. In maritime navigation, the trend is toward _international rec:opitian of a 
mininun runber o( systems from whiC;h individual countries could preterJbe one ~ , 
more ·'° be ~iecl by ships in its territorial waters. NAYST AR GPS probably 
would be accepted.at~ as a voluntary repJacement for another required s,stem. 
For aviation, the.-heavy and a~ing inwnltional irlvestment ~ VOR/DME is 
expected 1D leld to an extension of the ICAO protection .te to t '9,. A 
COllllicleration m the international acceptance of NAVST AR GPS' are the political 
ramifications resulting from the fact that it is ~ U.S. military -system. Hirice, 
further international conlUltations will be instituted with NATO allies, IMCO, 
ICAO, eic.,. to explore ,~i:e feasibility of international ro;eptance of NAVSTAR 
GPS. -

•• ·Technology Transf~ 

~,ernational ~ ~ manufacture ~"'•tser ~ -:1'ansmitting equip,ment can help to 
stimulate international acceptance ~-- a navigational system, ·by providing a 
,commercial ;~es promotion of equipment from diver.se national ~ ,Transfers 
of U. S. techiloJogy -to ot~ countries, per,,nitting them to manufacture and ~ 
~ equipmen~ r.ompetitiYely, ;would be -~ important ~~tor: in act:ueving 
int~tionaJ ac:ceptat,lllty of a new radionavjgation system such u NAVST AR 
GPS. 

..,.3 Cri~ia for Selection 

Criter~ are defined to compare the relative attractiveness of altematiYe-na~~­
gational systtms• cmfiprations. At the minimum, decision on selection of future 
systems should.-~, the:following criteria: 

A. Prowde the necessay service to meet the needs of the military and 
civit~munities. (Service) 

B. Be responsiv, and flexible, to the ~ oeerational and tech­
nolo@cal envir,nment. (Viability). 

C. R~ and accommodate a necesasy degree of standardization 
~ interoperabilit; for both domestic and foreign operations. 
(Si.clard~tion) 

D. AchieYe the requi~ level of service in an economic manner. (Q,sts) 

The major criteria n,\&y be further subdiv~, u ~ below: 



j 

I~ Service 

a. Military Operations: Pa'Ovide, at a minimum, navi­
ptianal services to support accomplishment of DOD 
tac~ical and strategic miss.icns in an effective anci 
efficient manner. 

b. Transporta~lon Safety: Prov~t~, at a minimum, ~vi­
ptional services ~ficient tf! ,minimize tranaportation 
risk to an acceptable level. 

c. Economic Efficiency: Provide, ~ the extent possible 
and consistent with cost effectiveness, .-viptional 
services which benefit the economy. Typic;;_ally, thi:i 
will ~re better perfor.mance from the .. naviptional' 
system than imposed by saf.ety of navigation, but·,Jess 
thin t~t needed for military operations. 

2. Viability 

a. Orderly Tl'ansition: ~~~1ide for orderly traditional 
,operations and plamed, obsoJesc:ence of equipment as 
technical improvements evolve and operational­
requirements are modified or increased. 

b. Flexibility: Provide navigational S4el'vices to a variety 
of user classes with the minimum number of systems. 
The intent is to • allow the use of special pwpose 
systems ,onJy wh!n justified by special circumstances 
and/or need. 

C. Coverage: Provide navigational services in all ~levant 
operating areas, i.e., worldwide, with specialized 
attention to the United States. 

d. Future Systems: Provide for research and introduction 
of new sysJems and ~is, particularly where unful­
filled requirements exis~-or ~re cost savings appear 
possible. 

3. S~dization 

a. lnJernationaJ Acceptance: Provide navigational ,ser­
~,~ and s~s ~t~ically and politicall!t ~cceptable 
to div.-se _gro~, including the North Atlantic T~aty 
Organization ,(NATO), International, Civil Avation 
Organlzat_ion (ICAO),;~ lnter-Gov~m~tal Maritime 
Consultative Organization (IMCO). 

h. Civil/Mili~ry Interoperability: Provide the basic 
~pabilities to ~g1it common use and common ·opera­
tional procedures·tiy civil ~ military craft. 
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c. Equipment StaMardizat~~ Ind Compatibility: Pro­
vide, to the extent feasible, compatibility between 
civil and mflitary navigational equipment. 

4. Costs 

a. Combined t=HI' /Gov~""'ent Costs:: Provides a mix 
whose Ute-cycle co~ ·for Government and users •fl! 
mi~um, consistent with adequate service and reason­
able benefits. 

b. Transition Perlod'Cost: Parallel <new ar.d oJdlsystemic 
operations will be carried out over a suffici~t ~iod 
to miriimi2e mer in~ment cost penalties and to 
~mit equipment replacement ·10 occw at ~mal 
intervals. 
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GLOSSARY 

n.· iollowi~ is a listing of abbreviations for organization names and technical 
tern:~ ~ in this plan: 

AD 
ADP 
AFB 
.AM 
APL 
ARTS 
ATC 
ATCRBS 
ATMSMN 
AUE 
AVL 
BLM 
C/A 
CCD 
ccw 
ccz 
CDI 
,CEP 
CIA 
CNI/NA'I 
CNO 
CONUS 
·CRT 
csc 
CSE 
CTP 
Cti 
DCP 
DCS 
DH 
llMA 
DME 
DOC 
DOD 
DOE 
DOI 
DOS 
DOT 
DR 
drms 
DSARC 
DT-1/0T-l 

"dv~ ~velopm~~ 
Automatic Direction Finder 
AirForcea,ase 
Amplitude Modulation 
App~ Physics Laboratory 
A~,ti~~•ted R~ T~minal ~~tem 
Ai .. ~·rufic control 
Air Traffic Control Radar Seacon System 
Air Traffic Mm'lgement System Material Need 
Army User Equipment 
Automatic Vehicle Location 
Bureau of Land Management 
Coarse/ Acquisition 
Charged Coupled Devices 
Codecl Contiooous Wave 
Coastal and Confiuenc:e Zone 
Course Deviation Indicator 
·Circular Error Probable 
Central Intelligence Agency 
C~m1mications, Navigation & Identification/Navigation 
Chief of Naval Operations 
Continental 'United States 
Cathode R~y Tube 
Computer.,Stj_enc:es Corporation 
Course Selection 
Coordinated Tm Progr.am 
Contin,ous Wave 
Decision Coordination Paper 
Da!a Collection System 
Deci~ion Height 
Defense 'Mapping Agency· 
Distance Meas~ing E~pment 
Departm~t of CGmmerce 
~!'9t of Defense 
Department of Enerar 
pepartment of the Interior 
Department of State 
Depa·tm~t of Tran51)91'tation 
Dead Reckoning 
Distance root mean squared 
Defense System Acquisition Review Council 
Development Test-I/Operational Tel1-1 
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DT&E1 

once 
ECCM 
ECD 
EM 
EMI 
EMS 
ERDA 

FAA, 
FAF 
F.AR. 
FCZ 
FHWA 
FL 
FM 
FRA 
FRP 
FSED 
FTE 
FYDP 
GA 
GBF/OIME 
GCA 
GDQP 
GOR 
GPS 
GSTDN 
HHE 
HHS 
HMS 
Hz 
ICAO 
IFR 
ILS 
IMCO 
INMARSAT 
~s 
IOT&E 
ISMLS 
JCS 
JPO 
JSPS 
JTJDS 
JTMLS 
kHz 
LCC' 
LF 
LNG 
LOP 
LORAN 
MAORF 
MAP 
MARAD 

QeveJopment Test & Evaluation 
l)esigri-To-Life-Cyc)e-O>st 
Electronic .Counter-Countermeasure, 
,Envelope-to-Cycle Difference " 
·EJectrom.t.._~tic 
Electromagnetic ln~f~ 
'Emei'&et:ICY MN!cal· Service 
Energy) R~ch & Development Administration 

(Now Departn,ent of Energy) 
Feder&: Aviation Administration 
Final Approach Fix 
Federal Aviation Rep.ation 
FisherycConservation Zone 
-Federal Highway Administration 
Flight Le~ 
Frequency -Modu~tion 
Federal Railroad' Administration 
Federal Radionavig~t~ Pian 
FuJ1.:ScaJe Engineering Development­
Flight Technical Error 
Five-Year Oelense Program 
Ceneral Aviation 
Geographic Base File/Dual ln<lep)ndent-Map Encoding 
Ground ~trol Approach 
Geometric Dilution of Precision 
General Operating'~Reqwrement 
Gl9ba( Positioning System _ 
Ground Satellite Tracking and Qati Network 
Harbor and Harbor Entrarr.e Area 
Health and Human Services 
Harbor Monitoring•Syste111s 
Hertz 
International Civil Aviation ~ganization 
Instrument Flight Rules 
Instrument Landing Systef!I 
Inter-Governmental Maritime Consultive .Organization 
International Maritime,Satellite·Organization 
Inertial Navigation System = 

lnitiaj Operat~ Test & Evaluation 
Jnteriin Standard Micro'Nave Landing ~ystem 
Joir!t Chiefs':'.of Staff 
;?oint'Proaram Office 
l<tint Strategic PJam~g System 
Joint Tactical Jnformat~ Distribution ·system 
Joinj 'Tactical Microwave Landing System 
kil'1Hertz 
Life-Cycle Costs 
Low Frequency 
Liquif ied Natural Gas 
Line of Position 
Long-Range Navigation 
Maritime Administration's Operations Research Facility 
Missed ,Aw.oach .Point 
Maritime 3\dministration 
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MATCALS 
MCW 
;MDA 
MENS 
MF 
MHz 
MIJI 
MLS 
MNP 

~MNPS· 
MRAALS 
MTBF 
MTTR 
NAFEC 

,~AS 
NASA 
NAT 
NATO 
NAVSTAR 
NBS 
NCC 
NOB 
NEEDS 
NHTSA 
NM 
NNS.S 
NOAA 
NOTAM 
NPN 
NSF 
NSWC 
NTIA 
O&M 
OAST 
ocs 
OJCS 
0MB 
OMEGA 
OPS/QTV 
OSD 
·OTP 
PAR 
FDR· 
PL 
POS/NAV 
PRN 
R!:D 
RACON 
RAM 
RAYDIST 
RBS 
RD&D 
RDF 

Marlne Air Traffic Control and Landing System 
Moqulated Cor)tinuous Wave 
Minimum Descent Altitude 
Mission Element Need Statement 
Medium Frequency ' " 
Mega~z 
Meacoriing, Interference, Jamming, and Intrusion 
M~rowave Landi:lg Syst~m 
Mu~er Navigation Plan 
·Minimum=~avigation~Per-form~---Specification° 
Marine Remote Area Approach and Landing Syst~m 
Mea?I Time .Between Failures 
Mean Time To Repair 
National Av~ation Facilities Experimental Center 
National Airspace System 
National Aeronautics and Space Administr~tion 
North· Atlantic Track 
·North Atlantic; Treaty Or:ganization 
~avigation.~ystem Using Time And Ranging 
.National Bureau of Standarils 
NAVST AR GPS Control Center 
Nc,n:;Directiona.l Beacon 
NA~_A,End-To-End Data System 
National Highway Traffic Safety Administration 
Naut~ Miles 
Navy Navigation Satellite Sys~~m (TRANSIT) 
National ~anic and Atmospheric Administration 
Notice to Airmt..1 
National Plan for Navigation 
National Science Foundation 
Naval Surface Weapon Center 
National' Telecommunications and Information Administration 
Operation~~ Maintenance ., 
.Qffice. 9f ~~er~utics and Space Tech~logy (NASA) 
~ati~ ~trol Segment 
Office,of the Joint Chiefs of Staff 
Office of Management·and Budget 
(Not an abbreviation) 
Qperations/Qualification Test Vehicle 
Off ice of the,Secretary of. Defense 
Office of Tele(:ommunications Policy 
Precisi~ Approach Radar 

.J>relimina«:y Design Review 
Public Law 
Positioning and Navigation 
~eudo-Ral1(fom Noise 
Research & Development 
Radar Transponder Beacon _ 
Reliability,,~vailability, and Maintainability 
(Not an,acronym) 
-a• Bomb s_coring 
Researd1, Development, a: Demon.uratior\, 
~adio Direction Finder 
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R,Ect_i:> 
RF 
,RFI-
RNAV 
ROC 
RSI 
RSPA 
~ss· 

,RV ... 
SAb 
.~M 
'SAR 
SARPS 
SHF 
SLSDC 
SOR 
SPO 
(S)SARC, 
STOL 
STS 
TACAN 
TC,V 
m 
mass 
10SS 
TERPS 
TIP 
TIWG 
TOA 
TRANSIT 
TRSB 
TSC 
TVOR 
.uifF 
UMTA 
USDA 
USGS 
VFR 
VHF-
VLF 
YNAV 
VOR 
VORTAC 
Vl'OL 
VTS 

R~c:h, Engineering & Development 
Radio Frequency 

-

Radio F~ Interference 
Area Navigation (Radio) 
,Required 0,.,ationaJ Capability 
Rat~zation, St19(1ardization and Interoperability 
Research and Special Progra-:ns Administration· 
Root Swn Square 
Runway ,Visual Range 
Semi-Autom~tic Flight Inspection 
S~tem ~a Monitor 
Selected Acquisitioo Report 
Standard And Recommended Practices 
,Super High'~Freqwncy ~ 

St. Lawrence Seaway:OeveJopment CorparatJon 
Statement of R•rements 
Sr,1terns Program" Off ice _ 
(Service) System.Acquisition Review Council: 
Short Take-Off and Landi113 
SateJJite Test System 
Tact~ Air Navigation 
Terminal Configured Vehk:Je 
Time Difference 
TracJd,w ~ Data Relay SateJJite System 
Tme Dif~erence Survey S"tem 
Terminal Jnstrument.P!'ocedures 
Transit Improvement Pro~m 
J'est,lntegration Working Gr~, 
Time of Arrival 
(Not an~abbreviation) 
Time Referenced Seaming Beam 
T~ation Systems Center 
Terminal VOR 
UJtra Jiigh Frequency 
Urban M~ Transportation· AdministratiO!I 
United St~tes Departplent;of ~riculture 
Ur 'ted States1~tic Survey 
Vil.cial Flight RuJes 
V,ery High Frequency 
Very Low Frequency 
VertkaJ Navigation, 
Very High Fre~ Omnidirectional Range 
Collocated VOR.and 'T ACAN 
Vert.icaJ T~-otf and Landing 
Venel Traffic Service. 
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