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~f l°l!ltional interests. ~ plan sets forth the Federal interagency approach to the 
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,o DOT ,responsibilities for publ~ s~fety and transportatic;,n economy 

o DOD responsibility for national security in normal and stressed 
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rad!onavigation systems. 

Aoee,slon tor 
lfIS GRA•t 
MIC' !AB' ,[!] 

1 UPannouncec! D 
Justification---........ 

J5y::_...----''--------1 
Distribu~~on( _ _ --=-~• 
Availability C~des --Ave.il a:id/or 

Dist Special 
I· 

iii 



LJ §J 23 ii tq □- !LA 4 CMS 0 

'MITIIC CIIVl•H fACTIII 

...... , ... ~~ .. , .... --- • ~ II 
-•~liult Cl mllntia ..... ...._ -~ I ...... _,_._ ....... .. ... .... .... -···~ ~., ,. , ... ...... ~ ;; 

• ~ 
&HUii 

lllltN • 
·~ - .. _ ... - .. • - ---- u · - • 

• - ,.. --· .. • - u - • 
Ill .... • --· .. - - • • - "' - ,. .. .... • •• - • -:j .. - u - -- - , .. ··- .. 

..:1 = 
1111 -; • Wt 

-1 • -! .,; ----- e.• ...... J -- U · -- .,,, 
-:i • ,I --· , .. --- ~ .. -- .. ......... ,I ., -- M ---: --- ... -- ~ ~ :t - -~•~r#t u -.... - -·- ..... -- _ _, 
-i 

< - ... - .. l !! • .... , ..... ., 7:i !I 

• - • - • -::I I ... .. -- -• ...... ... ..._ .. = ... ...... u -- • -- ... - -; I 

_, __ ,., ---- • ..:J • ..... ,. -; -= ~ • ---- .......... . 
Ill) • - ~ 

.. -- ... ..,._ •• ... ---- " ... .._ - • - Lt - .. ·- ---- • .......... .. .. 
-3 

... , .. -- • • - 1M .... .. I - ... .... 
~ .. - .. ., .... -i ~ --- • --• - .... ·- I -· -- , .. -~ .,. -- UI 

.. _ 
!.a ~ • -- ... ~ --J ---- .... -- .,, .. - rzr ••--!!t -tl .. M'91!1twll - • 'C ~ ..... -- ... ----::I - t 

- .; .. , -.., ,_ .,. .... c- '< -I ........ ...... ,~ · ... .. - ~ - or • ... • ... • f!'i · · ~ ·~ ~e I a'!". t -·· I 4 I 4 g ta• •1• I Ii I ~ 

' -- ·• :. ; .~ . J - V .i, .. .. , ~ 

,_ ,,, .. . ,, 

D I PIT Pt4 --- - - - () o , 



; . 

FEDERAL RADIONAVIGATION PLAN 

W>LUME IV 

RADIONAVIGATION RESEARCH, ENGINEERING AND DEVELOPMENT 

CHAPTER 1. 

TABLE OF CONTENTS 

CIVIL RADIONA VIGA TION RESEARCH, 
ENGINEERING AND DEVELOPMENT 
SUM~ARY. . . . . , •• . •. IV-1 

1.0 SUMMARY AND ORGANIZ~ TION . • • • • • • • .- • IV-1 

CHAPT~R 2. CIVIL RADIONA VIGA TION RESEARCH, 
ENGINEERING AND D~VELOPMENTACTIVITIES· • IV-, 

2.0i ;CIVIL RADIONA VIGA TION RESEARCH, ,ENGINEERING· 
:AND DEVELOPMENT ACTIVITIES . . . . • • • • • • • IV-, 

2.1 DOT-NAVSTAR GP.S' R,E&D . . . . 
2.l tl General ! . . . 
2.1.2 Civil Aviation . .. 

2.1.3 Civil Marine . .. . . . . . . 
2.1.4 Civil La~ . . 

2.2 DOT R,E&D FOR EXISTING CIVIL NAVIGATION 
SYSTEMS .. 

CH"PTER 3. 

2.2.1 General . . . . . . . . • • • 

2.2.2 Specific Civil R,E&D Activities • • 

DOD RADIONAVIGATION RESEARCH,. 

. . 

. . 

. . 

. . . 1v~, 

. . • 'IV-.S 

0 IV-I 

. . ·IV-10 

IV-13 

• • IV-U 

• IV-1' 

• • IV-17 

ENGINEERING AND DEVELOPMENT • • • • • • IV-29 

3.0 DOD R,E&D ACTIVITJES . 

3.1 OBJECTIVES . . . 

~.2 RESPONSIBILITIES 

3.3 R,E&D EFFORT . 

3.3.1 NAVSTAR GPS . 

3.3.2 TRA~SlT . • • 

. . . . 

. . . .. . 

• • IV-29 

• • IV-29 

• IV-29 

• • IV-29 

• • IV-29 

• IV-30 

3,3.3 Microwa11e LaBi~ng System (MLS) • • • • • •• • • IV-30 

V 



FIGURE 

IV-2.1 

IV-2.2 

.JV-2.l 

\lOLUME IV 
LIST OF ILl:,.US'IRA TIONS 

DOT R.&D Activities for G PS • . • • 

Air: Navigation Actlons/Decisions • • 

Marine N~vigation Actions/Decisions. 

Yi 

. . . 
• • • 

. . . 

PAGE 

.••. IV-6 

. . . 

. . . 
. IV-18 

. IV-23 

I 

t 



I 
.i 
. , 

' , I 

\. 

i r­
( 

I r 
t I 

-! 

TABLE 

~1v-1.o 

W>WMEIV 
UST OF'TA-.ES 

PAGE 

Radionavigation System Performance 
Parameters .\ . . . • • . • . • . . . . . . . . IV-2 

v;ii/Vii.i 



VOLUME IV 

CHAPTER 1 

, CIV~L RADIONAVIGATION RESEARCH,,EN~INEERING AND D~VELOPMENT SUM~ARY 

1.0 SUMMARY AND ORG'ANIZATION 

This document describes the Federal govunment re~arch, engineering and devel­
opment (R,E&D) activities relating to the U.S. Govemmeii't,provided rad:onavi­
gation systems and 1their worldwide use by the U.S. Armed Forces arid the·civilian 
~mooity. The dociam~t is organized in two parts: (I) Civil· R,E&p efforts _to be 
conducted mainly by DOT,' and m· a lesser extent by NAS~ and DOC, and (2) DOD 
R,E&D for military uses. 

The DOT R,E&D activit~es consist of parallel efforts JO deveJop current and future 
navigation systems in or<ter to improve existing operations or to iden~ify systems 
which can replace or supplement those now being used in civil air, marine; or \and. 
applications. The parallel eff~ts are described in two,major sections, one covering 
NAVST"R GPS ancJ the other covering all existif'!g systems (such,as VOR, OMEGA, 
and LORAN~C) now .in use or being considere4 by DOT to meet new or emerging 
navigatj~ requirements. 

Although the.DOT R,E&o·actiyities for NAV$,TAR GPS will proeftd in much the 
same manner as those for other systems, N ... ~ VSTAR ~PS h~ been ident~.:--d separ­
ately because of its potentially broad multimodal civil and military application and 
the··consequent need for close cooperatiOQ between F-ed~ral agencies in its 
~yaluation. Such cooperative effort will minimize duplication of effort and pro­
mote maximum pr~ivity from the limi~ed re~urces available for·civil 
research. The cooperation should also insure DOT participation in the early stages 
of 000 evaluation and development of NAVST AR GPS so that1benefits can be 
derived 1rom a ccintinued assessment of OOD's adv~ces in receiver t~nology and 
an improved ~Qveminent planning p~ss. 

From the point of view of DOT, the analysis of performance requirements of civil 
navigation.systems involves a variety of:complex factors before it can be con­
cluded.that a specific system ~tisfies the principal objective to ensure safety and 
economy of tran_sportation. These factors inyolve an evaluation of the overall 
e,conomics of ,the sy~tem in reJation to technical ·and operational factors, including 
v~hicle size and maneuverability, vehicle traffic~patterns, us~ skitJs and wo~load, 
the processing,and display of navigation information, ?:Jld envfronmentaJ 
restrictions (e.g., terrain hazards and man-ma~ C?bs~uctions). For this reason, a 
DOT comparison of ooe navigation system to another requires more· than just, a 
simple evaluation of accuracy aQd ~uipment perform~ characterist~ As a 
first step in the ~ompariso~;~f~system ~pabilities, nine performance parameters, 
discussed· in Volume IR (System Characteristics), have been identified and are listed 
in Table JV-1.0. 
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TABLE IV-1.0 

RADIONAVICATION SYSTEM Pl;RFORMANCE PARAMETERS 

1. Signaf Characteristics 

2. Accuracy 

a. Predictable Accuracy 

b. RepeatabJ' Accuracy 

c. Relative Accuracy 

3 . A vail~_bility 

•• Coverage 

,. Re!!abilfty 

6. System-Imposed Fix Rate 

7. Fix Dimensions 

8~ System capacity 

-~. Ambiguity 
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As implied above, for DOT, the user'i equipment coat is a major eonaidtration ir 
univ~sal civil participation ~ to be ~hleved, ,DOT R,&tD activiti• will there­
fore il1ao inyolve evaluati0111 and simulations ot-·1ow-eoet receiv~ d•lpl, eval_u­
ation of future tec~lOli• (i.9 conjunction with NASA) and determination of 
future requir.er_nents for the certification of equipment. 

In contrast to DOT, t~ DOD R,&tD activlti• mainly addr~ NAVSTAR GPS 
~valuation by user lfOUIJI in. the Armed Pore• which are identified by·· milltary 
mission -r.equirem~ts and national security considll'atlons. For t~ reuon, oop 
R,E&D is d.efined to include all actl~ti• before the final a·cquilltlon-of a navi­
gation.system In accordlnee· with detailed syetem apecifications. ~cept for a low­
ley~ effort to launch TRANSrr sat.Wt• with the space shu~tJe (Space Trans­
portation Syste~), the DOD view of TRANSIT, LORAN, TACAM, VOR, and 
OMEGA is that theae systems are already developed 'and, th~cf ore, do not require 
R;&tD. Thia l•ves MAVSTAR OPS as i~ only mWtary radlonavigatlon system 
which must be evaluated in. ~ to make ·a DOD decision on the b•t mix of 
Federai radionavigatlon Sa'vides; ~ • • 

Although there are some sinlllarities ·be~•• Ull!l DOD and DOT ~alyses of the 
l)ine s~em performance pa,ameters, DOD mili~ missions place much cr•ter 
emphasi.1 on security &n4 anti-jam than ·those (or civil systems. .SlK!h factors as 
anti-jam, t,l)dating of inertial .navigation systems, portability, ~l f~le opflft­
tion under extreme environmmtal or combat conditicJ.s become H~y .impoirt¥,t in~ 
establishing the costs of the navigation equipment. 

ConculTent with the Federal Jl,E&D programs, the Rt;~jor C!OSt and' benefit iss_ues 
~ill be evaluated with the aid or a Federal Navigation Economic Mod~. This 
model is being constructed in two parts, one for DOT and one fOI' DOD. outputs of 
thes~ models and R,E&D programs will· be used to fo~m joint wsitions, related 1.b 
syst~ mix, phase in-p!Jaseout .and transition strategies for ·· "common Lter" (Jo.mt 
milit~y/civilia,11) systems &!Id individual ag~cy pos•t.ions on non'!COJjlmon user 
systems. 

T~ reJationship 'be~ween DOT arid DOD R,E&D PJ'Oll'&ms is baaed on a continuing 
interchange of operational and technical information to tlllow preliminai'y 
recommmdation,.,of the best future mix of radionavigation •;;-.{items in 1983. DOD 
R,E&D will be C®l'diQ.&ted with D01' R,E&D under the ~oilowing gu~aines: 

A. DOT wijl evaluate: t~ costs and ~ - ;?!!ts of all (radionavigation 
system~$ ineluding.NAVSTAR OPS, which ·meet identified sets of civil 
us• requiremmts. 

e. 00D ,will provide an annual specification updite of NAVSTAR GPS 
capabilitimi e.g., accuracy, which are-to be made availat;Ie for civil 
UH& 

C. DOT will provide DOD with the most culTent inforinatioo, on ·I.BEi' 
Nquir•ents which111ay have a significant irnpact on the selection or 
performance specification:·of-DOD-operated radionavigation systems. 
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D. 000 will provide lnforl!lation to OOT on_.,po11ible tow-cost NAV$T Ail 
~PS recelv~ designs· ·ihat ,nay be applicable to low-cost 'civil 
receiver •veJopment consisient:-~ith ex~ting,DOD poller. 

E. DOT will conduct studies of NAVSTAR- GPS performance capebWt-. 
using low-cost ~eiv~ desip in order t~ pr~vide an ..-.ment of 
i~ ap_plicability ~ the civil ~tor. 

Prior to 1,s,, thi! ,current 000 NAVSTAR GPS pr.-am· and the 00D Jl?OYision_ of 
receivers- for· civil fifl'-1 t~ing will· ,JJow DOT to perfor~m its NAt-:;TAR G!'S 
R,~1D )•~ all postulated acc:urades, including the most accurate P~pal. DOT' 
can op.,t,alh data on the cost-eff ectl~ene• of the entli'e spectr1111 of N~ VST AR CPS 
performaa.ce in time for_ a ~prehensive reporiing of ·NAYST ~~ GPS &aer 
requirements to DOD. This~ includes ~ imiD'1ant· effects ~ deni.8' of the-full, 
NAVSTAR GPS sigNI ~w-ac::y tt,-the ,civ~l ~mwlity. Moreover, u ·QOT selects 
NAVSTAR GPS for d~l· appti~tions, the resul~ of the l)OT NAVSTAR CPS 
R,E&O will allow-a full-.four years for priv~,e industry. to develop-receivers for the 
tjvil sector by 1917, when 000 plans to haft NAVSTAR,GPS fully operattonal. 

After 1933, the DOT R,E&D wilfcon~st of progra,:ns wh~_are hued on the resul~ 
of prior R,E&D, the identificatiOI) of the. NAVSTAR GPS Kcuracy availa~ foi 
civil use, and -a continuing evaluation o, alternative syst~ ~~figuratioM which 
satisfy institutiQnal constrai'1ts, e;g., degree_s of user cost sharing, internet~ 
acceptance ~Y •lCAO' and -IMCO, safety requirements. and. equipnen~ standards. 
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VOLUME IV 

CHAPTER 2 

GIVIL RADIONA VIGA TION ,RESEARCH, ·ENGINEERING AND DEVELOPMENT 
ACTIVITIES 

2.0 C{VIL RlE&D ACTIVITIES 

The specific Civil R,E&D .activitie~ and their relationships to the Federal ~adio­
navigation PJan and the major Federal decision~ on system implementations -de­
scribed in• Volume I (Plans) are outlined ~low in two parts; (I) NA VSTAR GPS: 

1R,E&D, and (2) R,E&D for all existing civil· ha\'ig~tion systems which incllide VOR, 
TACAN, OME, .9M~GA, t:O~AN-C, and 'Ml=S~ ~se tV{o parts· have been 
,coordinated to achieve efficient use ·of the limitecf -ftlf)ds available for R,E&D and 
tti &YOKhluplicati~-~ :-~ffort. R,E&D tlsks ·tor the "iHdividuai DOT agencies (FAA, 
U~G, etc.) and related ta~-by t_l)e DOC/MARAD and ·~ASA are addressed and 
s~Jes-have ~rLspedfied so that the results of :the efforts will be of m_aximum 
usefuJ~ss to aJJ partitjpan~ i'1 t~. program. R,E&D schedules and activities 'or 
~he JAA, the ,~~-S. f.o.i!st 1Guarcf, and the Research and Specia_l Programs 
Administration (RSPA) ~ve -been idPntiffed re~t.ively undtfr the aviation, 
marine, and land appendJ~es of ·this document. 

2.1 QOT NAVSTAR.' -GPS R,E&D 

2.1.1 General 

The major DOT marine, air, and land R,E&D activiti~s for NAVSTAR GPS are 
indicated in.bJock diagram-form in Fjgure JV.;2.1 aud are described ~--.follow.s: 

A. Coast Guat\l activit~ focus on establishing t'1e perf or.mance of 
NAV~TAR GPS,for ri~~itime navigation. There is a particular focus 
t4>on the Harbor A~ch and Harbor phases. of marine navigation, 
.where aLigry,entation ~f visual piloting using r~diQ aids to navigation is 

' needed. Three m~jor efforts are involved:" 

1. An evaluation of the ultimate at~racy-~tential !)fvesse! ·navigation 
.in, the Harbor ~ 1,Harbor Approa'c:h phases wiH be conducted. The 
evaluation will establish. the techrik:aPcapability of NAVSTAR GPS in 
its C/ A mode to meet the stringent requirements of these phases. 

2. A. co111paraJiv·e evaluation :of ·NAVSTAR •GPS and, existing· aids to 
navigation will.be·pet".formed. This·; evaiuation wm assess the relative 
cost •and per.for~ance trade-offs of N~ VSTAR G.PS ·~ au existing 
systems· (LORAN-C, TRANSIT-, OMEGA) for aU phases of -m~ine 
~vigation as an input to Federal decisions on ~he mix of. fuhlre 
radio~vigatign systems. 

IV-5 
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B. 

c. 

D. 

An evaluation of marine recein-r designs under the guiding principle 
that marine users choose navigationaJ aids for iheir vessels based on 
cost and performance assessm~ts will be conducted. There ~e few 
governmental regulations that influence their decision. 
Con!e(luentJy, deveJopm,~t of Jow-cost receiver designs must 
precede the use of NA VSTAR GPS by the civil user popuJation. 
Further, evaluation of receiver designs will !,JltimateJy permit the 
development of min~roum performance standard!li for NAVSTAR GPS 
receivers. 

The R,E&D activities of the FAA are equally varied and are larger in 
scope because of ·the many different aspects of air operations~ They 
include substantial efforts to evaluate the technical, operational and 
economic characteristics of future aeronauti~al navigation systems, 
including NAVSTAR GPS. The FAA also has underway a 
comprehensive effort in the development of a low-cost NA VSTAR 
GPS receiver of miQimum acceptable perforfT)ance. These activities 
will include an extensive flight test program using single and ~~al 
channel receivers to Qbtain flight data aboard general 'aviation (GA) 
aircraft. EJectromag1'1etic 1!)0!Se and interf ere~e in the NA VST AR 
GPS L1 frequency band (J.57.5 MHZ) and its impact on receiver oper­
ation w'ill be determined during this test program. 

RSPA ·Jand R,E&:D activities in connection with NAVSTAR GPS are 
also shown in Figure IV-2.1 and are structured in two successive 
stages. The first stage involves review of the results of earlier work 
in the design of low-cost NAVSTAR GPS receivers and field tests by 
the· 'fAA, USCG, and DOD. Preliminary requirements, will also be 
assessed at this time for po~~ntial users. Thfs wm. be -'followed by a 
second ·phase which addresses measurements of satellite signal 
margins in the presence of urban and rural radio frequency 
interference, and measurements of signaJ attenuaticr. due to ,terrain 
blockage and foliage. These measurements wiJI then become a part 
of the comprehensive definition of user requirem~nts, costs, and 
be~fits. The definition will be developed in cooperation wi•'-1 other 
DOT modal agencies; e.g., UMTA, NHTSA, and FHWA and other 
Federal, State, and local a~ministrations. Where possible,, the 
definition will include an evaluation of ?perational demonstrations of 
NAVSTAR GPS .~rforma:nce cl!ld associated comparisons with 
alternative navigation systems. 

Figure IV-2.1 also ipdicates the use of the,,OQT Navigation Economic 
Model and thP. types·of FAA, USCG, and other DOT agency analys~~ 
and ~ystems which will ~ co~pared at various st~ges of the R,E&D 
program. Other factors which influence each individual agency's 
R,E&D on NAVSTAR GPS have also been outlined. These include 
FAA evaluations of the ability of NAVSTAR GPS to meet u_ser per­
formance reguirements, the preparation ·ot national standards for 
avionics, and<USCG receiver studies and field evaluations. 
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2.1.2 Civil Aviation 

The po,ssibility of using NAVSTAR GPS as the primary navigation aid for the civil 
aer0'.fl&Utical comm4nity is dependent on an investigation and analysjs by the FAA 
of the following maj~ t(?pics: 

o NA VST AR GPS technical and operational performance 
capal>ility for the various classes of civil users. 

o The feasibility of low-cost NA VST AR GPS avionics that. 
'ls both affordable by the general aviation .1:1ser and 
meets all current navigation requirements of ·.two­
dimensional area navigation (20 RNAV). 

o ov·erall cost-effectiveness of Ni\ VST AR GPS', versus 
alternatlve systems; e.g., VOR/DME, ~~ORAN-C, in 
satisfying. the post-1990 aeronautic~\ navigation 
requirements. 

o International acceptance by ICAO. 

A. _NAVSTAR GPSPerformance Capability -~or Civil AviatiO!' 

Analyses of the basic NA VS'tAR GPS performance avaiiable to the civil user have 
~ ?n underway by the FAA for over two years and are planned to continue. The 
·objective of these studi~ is to determine the NAVSTAR GPS navigation perform­
ance realizable by the civilian fleet, ranging from air carrier to single-pilot, low­
cost general aviation ~ircraft. These studies include a determination ,of basic 
accuracy and repeatability and an anaJysis of errors due to signal varitltions (such 
as. those caused by an!enna patt~), acqu~~tion and reacquisition times, multi­
p,th, radio frequency interference, satellite geometry, and flight technical errors. 
Computer simulations of NAVSTAR GPS.,navigation performance will be .performed 
to assess the suitability o(. NA VS TAR GPS for en· route and terminal navigation and 
non-precision approach guidance, using DOD error models and test data along with 
FAA developed information. 

The human factors 1area must also be considered since the NAVST AR GPS system, 
by definition, is an area navigation system of ar~pe that has not been evaluated. 
ln such a system, the pilot m~t enter waypoin·ts·· into the navigation syste,n at 
various points along the flight path, whereas in the current VOR navit~tion system 
no such activity is required. The NAVST AR GPS syste~ potentially represents a 
change in procedures and an incre~ in pilot workload (with an increased possi­
bility f~ blunders) over the VOR system, particularly for single-pilot IFR 
operations. Begiming in 1980, flight tests are planned for evaluating the 
performance of exhting NA VST AR GPS user equipmer:it and software, and also for 
assessing the 1noi.~e and radio frequency environment at airports where non­
precision approagles are used. The objective of these tests is to determine if the 
a~curacy achievable with N"-VSTAR GP$ will be adequate to support non-precision 
approaches to these airpor~. As a supplement ~o these flight tests, a lal:!c>ratory 
simulator will be developed for testing NA VSTAR GPS receiving equipment in 
order to provide additional per·formance data in a shor~Pr time, and at lower cost 
than by flight testing. 
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B. Low--Cost NA·VST~R GPS Avionics 

A major goal of the ·oot NAVSTA~ GPS R,E&D program is to assess the feasibility 
of _low-cos·? NAVSTAR GPS avi~ics with performance and cost acceptable to the 
general aviation user. Current industry projections of NAVST~R GPS avionics cost 
for uni~ which might be suitable to generaJ aviation are between $3600 and $4000. 
This must .be compared with the cost of the current YOR equipment Vfhich is 'widely 
used by gl~al av?;~ti~ and is generaHy availa~l~ at unit cost in ·tf{e vicinity of 
$1,000. The DO.J ,cost anal'ysis indicates that; NAVSTAR GPS should not be 
considered ~s ._a r~~lac-ement for VORTAC until avionics are available in the $2.SOO 
or lower pri~ ~ae, ancJ ·unyl it is certain that such avionics can provide an 
adequately high lev.~U,f reliability.and failure detection. 

An additional factor to 'be addressed in this area is the current commonality 
between low-cost ,communication and low-c~t navigation equipment. Because 
communication and navigation currently share the same VHF frequency band, 
combined communication/navigation units can be purchased for a small increment 
9vc?r separate equipment. 

Design studies are currently underway addressing Jow-cost receivers and antennas.­
candidate low-cost antemas have been built .and are available for aircraft -tests. 
While it is lielieved t~t cost-effec'tiv~ avf90ics can be built for Jarge air carrier 
aircraft, there is still a question of the feasibility of developing low-cost 
NAVSTAR GPS user equipment of adequate performance {or general aviation. The 
ability to achieve the necessary accuracy for non;precision approaches using !ow­
cost equipment wheh the aircraft is in a maneuvering configuration at low altitudes 
in the .. terminal area is of particular concern. 

Studies,-anaJyses, and"computel'i simulations involved in answering the above issues 
will continue. In addition to the studies the FAA plans t~ initiate development of a 
low-cost engi~ring model receiver for general aviation and to perform e_yaluation 
tef!S on this receiver in the field and in .the Jaboratory during-1980 and 1981. If this 
engineering m~l is successful, prototype work will be initiated in 1981. 

C. FAA :Recommendation 

As,indJcated in Figure IV-2.1 the FAA plans to have completed all studies and tests 
of GPS by the end of 1982. lJlis inc;ludes comparisons with other alternative 
navigational systems; e.g., VOR/DMg, ~d LORAN-C, which are discussed in' detaiJ 
in Appendix A. Before the DOT r~mn,endation is made on NAVSTAR GPS, the 
FAA will formulate-~ recommendation to the Secretary of Transportation on the 
best future mix of air radionavigation systems. 1lle recommendation wili be based 
on two major factors: , 

·1. Acceptable NAVSTA~ GPS performance in the approach/landing and 
en route terminal phases of air navigation and in accordance with the 
user-requirements specified in Volume II. 
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2. The cost effectiveness of NA VSTAR CPS as an alternative to other 
existing or proposed navigation syste_ms. Cost effectiveness will be 
assessed for the entire aviation community o~er all phases ·o1 
operation. The assessment will utilize the results of an -FAA eco­
nomi.c model which• address,!!s both costs and benefit~ to .individual 
~ categories and to~the FAA. 

If the recommendation is favorable for use of NAVSTAR GPS,to provide one or 
more navJgation services, work on a ~tional perfQrmance sta~d fOJ' NAVSTAR 
GPS civil avionics will be initiated in 1912. If riot, studies will be initiated· to 
inve_stigate new navigation systems. or to con~~nue the improvement of existing 
systems. In either case, the economic fa~tors relating to the int~nationa.l accep­
tance of alternative systems will• be studied in terms of their affect on the FAA 
and aviation community comparing the overall costs with-the Government and with 
the air, marine, ahd Jand users. 

2.1 .3 Civil'Marine 

The major R,E&D activities of the UC. Coast Guard related to marine uses of 
NA VSTAR GPS are low-cost receiver tecmology studies, user field tests for 
comparative assessment of NAVSTAR GPS versus altefnative aids to navigation, 
and assessm£:nt of coarse/acquisition (C/ A)'i:hannel performance potential. 

The objective ,:of -.the marine progr~m is to acquire a sufficient·!data"base to deter­
mine ,those missions of the marine fleet for which the NAVSTAR GPS system can 
satisfy the navigation pedormance requirements. Issues import~t to the use of 
NA VST AR GPS for marine,navigation include: 

A. Accuracy - can it serve only as a one-quarter nautical mile (NM) 
navigator suitable for en route, navigation thro~gh the ·u.s. coastal 
area, or can it provide the higher accuracies needed by ¢ommercial 
fishing ~ offshore indu-;try,, and can it give the accuracy required 
for Harbor Approach ~d Harbor navigation? 

B~ What are the technicaJ and economic- issues that dominate a 
NA VSTAR GPS receiver designed for civil marine use? What is a 
realistic estimat~ of receiver cost, and _ what technological factors 
might significantly alter this estimate? What receiv~ performance 
and cost trade-offs are feasibl~ to dev~op NA VSTAR GPS equipment 
acceptable for (1) c;o_mmer~ial ships over 1600 gross tons, and (2~ 
smaller ships or tugs wittfbarges? 

C. ~omp~:ison of NAVSTAR GPS with current marine radionavigation 
syst~ms is required. This comparison must be made with regard to 
navigation accuracy and repeatability, operational features and 
human factors considerations. Various missions must be considered, 
as well as a range o, vessels from supert'ankers to Coast Guard 
cutters. This work must consider also the ef feet on electronics 
design a,nd installation of the ,peculiarities of operations in protected 
waters and on the open ocean. 

IV-10 



0 

I 

!I 
I l 
I • 

i 

,__.... .. ,__ -----· 

D. What are the practical results of testing NAVSTAR GPS receivers in 
the- marine environment, such as: installation aiticalities, marine 
and harbor ~vironmeht neculiarit:es (RFJ/multipath), and the suita­
bility of performance ~ display for typical operations (e.g., fish­
ing)? 

The Coast Guard plans to have comp!' .ed its initial studies and tests for the 
Harbor and Harbor Approac;~ phases tof navigation by 1912. If NA VSTAR (;PS is 
found to have ,potential use ,in these phases, the extent to which that potential may 
be realized wHJ depend upon the eventual ~cision concerning ,~ accuracy of 
NAVSTAR GPS service that will be made available for civil use. H ·teasibJe, ~ithin 
constrain~ imposed upon NAVSTAR GPS accuracy, additional Coast Guard R,E&D 
may be indicated, as follows: 

1. Develop low-cost NAVSTAR GPS receivers for marine use, specifying 
modifications to basic FAA low-cost receiver designs, to _ meet 
-requirements for precise navigation in Harbor Approach and Harbor 
Navigation. 

2. Evaluate Vessel Traffic Service systems and procedures which ar~ 
based on the performance ancf operation of NAVST AR GPS in the 
Harbo«i ~ Harbor Approach phases. These include the assessment of 
traffic monitoring and control procedures, ship-board display 
requirements, and the ooman factors of vessel guidance and collision 
avoidance. 

3. 

4. 

Evaluate 1he potential of NAVSTAR GPS for navigation on inland 
waterways. 

Define the -role of' harbor surveillance systems and alternative navi­
gation systems as a back-up for NA VSTAR GPS -where requirements 
exist for additional reliability, special vessel activities, or during 
emergencies. 

If NAVSTAR GPS doe~ not satisfy ,the-performance and cos~-effectivene~1.require­
ments for the Harbor and Har~ Approach phases, studies will be initiated..:in 1913 
to ~val~te the increased use of alternative systems in these phases. Among these 
are harbor surveil!ance systems, improved aids to navigation, and .differential 
CORAN-C with retransmissions from shore-based monitQr stations. 

'Regardle~ of. ·the results of the initial NA VSTAR GPS ,R,E&D, costs and benetit 
information for the Coast Guard and maritime users will ~ provided in 1982 to the 
DOT Navigation Economic ·ModeJ. After 1912, future NAVSTAR GPS performance 
~d cost improvements will be included in the model to pr':)vide an annual 
assessment of alternative systems. 

The near-term U.S. Coast Guard R,E&D program has the foUowing elements: 
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A. Receiver Tec~l~p Studies 

The initial effort in the study. of NAVST AR GPS receiver techoology ls directed' 
toward: 

o A thorough underst.anding of the receiver design char­
acteristics required for NAVSTAR GPS sy~tem opera­
tion in the marine environment. 

o An ~alysis of the NA Y3TAR GPS system identifying all 
perf 91"mance factors and error sources,, and developing 
a software simulator m~J for assessil'!g the, effect of 
alternative receiver designs on syst~r.,-performance. 

o An in-4epth survey of Cl,!rrent and'projected technology 
tor all ~mpor,ents of the NAVSTAR GPS receiver 
system. 

Other USCG studi_,es and developments inclu~ in this part of the program are not 
finalized beyond the initial .phase identified above. As shown in Figure IV-2.1, 
tentative plans caU. for the development of a laboratory simulator in 1911 to !~st 
receivers in the NA VST AR GPS environ.ment. Hardware developments of critical 
receiver subsystems and components .may also f?e pursued, However, the specific 
efforts of the future wi>.I depend on the results of the present research and the­
adequacy of the resultant ihf ormation in predicting the performance of NA VST AR 
GPS receivers in an ~erational marine ~nvironment. A receiver study report wiU 
be completed in 1982 and become ¥1 input for the formulatiC?.O of a Coast Guard 
recommendation on NA '!ST AR GPS for marine applications. 

8. Marine User Field Tests 

These tests will be a cooperative prQgram involving the C~t Guard and MARAD 
in which MARAD provides the NA VSTAR GPS receiver system ,(a DOD prC?ClJred 
"low-cost" receiver)' and the Coast Guard provides the data coUect1')n system and 
acql;lires the data for use by both agencies. The objectives of these t~· are (I) to 
assess the performance characteristics of fl NAVSTAR GPS receiver operating in 
typical marine eqvironments, and (2) .to compare the accuracy of NA VSTAR GPS 
relative to other aids. to navigation such as LORAN-C and OM~GA/TRANSIT in a 
series of field tests. 

In May 1979, .the Coast GU{\rd began static tests and famyiarization training using a 
single diamel sequential receiver. In late 1979, ship-b9at4 evaluation testing wilJ 
be initiated on the Texas A~M University oceanographic- v~~el which will travel 
throughout the Caribbean. The results of t~ tests wm· ,~ presented in a 
preliminary r~por.t on this phase of the Coast Guard program. 

~giming in 1980 and continuing for approximately two years,. one or more 
receivers will be used for testing on commtrciaJ vessels. Software~ and hardware 
modifications may be made to the receiver to optimize it for marine use. 
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A final"r . .- 1-i -onJNAVSTAR GPS receiver field ev.,aluation wm be issued at the 
~lusioi\ '51 ·tbis part of the program 'With these results being an inpi1t int~ the 
·coast Guar.d r~mc,dation on future navigation system·s~ 

c. Assessment of C/A Channel Performance Potential 

1'.he objecti~ of this effort.is to det~ine ~ maximum~accuracy obtainable witt"i 
the ~AVSTAR GPS coarse acquisition, (C/A) channel. A dual-channel receiver 
modifi~ ·to process only the C/ A signals will be used in thae tests to measure 
those errors that are ,irreducible, e.g.,.p-opagation~."-ariations, .. Rfl, and multipath. 
This study includes the development of analysis software in 1979· and tests to run 
from late 1979 through, 1,-0. Concurr~t with this .st~y, data will·-be acquired 
from the DOD and ,f.(-.A tests and reviewed for additional C/ A ~ ,performance 
and error informati~~ 

The information gai~ from this study is expecti!d to indi~~e if '·the NAV~TAR 
GPS C/A chMnne1 is potentially accurate enough fN Harbor Approach and Harbor 
nayigation or if it is useful•O;nly for less accurate navigation in t~-open ~ 'nlis 
important fin4ing will :be a significant factor· in the di.rection of the follow-on 
Coast Guard NAVS~AR GPS R,E&D activities and also, in the Coast Guard 
r~mendation tof.lQT on t~ mari~ applications for NAVST~R GPS. 

D. -'Coast Gt.Jard Recommendation 

Figure-JV-2.1 shows the schedule of the Co~.t Guard NAVSTAR GPS R,E&D 
activ!ties planned during the next four years whipa Jea~s to a 1912 Coast Guard 
~nmendation to the ~cretary of Transportaticui ,on the best future· mix of 
radionavigation systems for marine (users. The ~omll)endation will be based on a 
comparison of the performance of NAVSTAR GPS to ·frORAN-C, TRANSIT, and 
OMEGA, and the results of studies, of NA)'STAR GPS -'receiver costs and C/A 
chamel performance. As 'indicated in Figure IV-2.1, the· Coast Guard will also 
monitor the results ·of NASA low-cost r~iver st.,~ies_. FAA NAVSTAR CPS 
R,E&D, and DOD progress before making its recommendation. 

2;1.4 C!vit Land 

Within the next five years, R,E&D in land ·applications of NAVSTAR GPS will· 
become increasingly important to a large number of potential pubJ~c and private 
users. In the public ~tor alone, applications of ~ precision radionavigation capa­
bility are now being explored by four DOT agencies (UMTA, NHTSA, FR-', and 
FHW A), other .Federal departmen~ (DOI, DOE, and USDA) and by state and mllni­
cU'al.govemments. These potential Jand·users will depend on. DOT, because of its 
statutory role in civil navigation, 'to · provide continued ~ comprehensive 
information in three areas: 
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A. Firm· definitions of NA VSTAR GP$ availab~ty for civil ~ _at an 
accuracy which~has,been verjfied for a wide variety of land environ­
ments;-e.g., cities, rural area~, rUJJed terrain, and ,types of vehicle·s. 

B. Estimates of the-range of ~AVSTAR GPS rec~ivtt-, cost! as a function 
of aMuaJ production quantities and an iJ1itial' -set ot performance 
requirements. 

€. Comparisons of the performance and ·costs of NAVSYAR GPS with 
those of alternative systems such as LORAN-C, short-range 
multilateration systems, and ~roximity systems, e.g., signposts. 

In contrast to the case with the air and marine communities, most kfld applications 
of NAVSTAR GPS are relatively new and do not fa.lJ under the jurisdiction of a 
single agency (such as t~ FAA or the U.S. Coast Guar~). For this reason, 
coordination and- ·identification of. user requirements and application~ is being 
performed by the Research and Special Programs Administration (RSPA). The DOT 
NA VST AR GPS land R,E&D plan in 1979 and the early part of 1910 will r~ly heavijy 
on the results of air and mari~ R,E&:D efforts! This approach is based on two 
factors: (1) many la,nd vehicle dynamic performan~ characteristics can be 
obtaif)C(I by inte~polation between ·the performance results of faster aircraft and 
slower marine vessels, and (2) each DOT"modaJ agency, outside of the Coast Guard 
and the FAA, will hav~ time to specify the requirements, costs, and benefits of 
emerging applicai'ions of land'navigation. 

In late 1980. and 1981, ~ second stag~ of RSPA Jand R,E&:D activities will address 
measurements of sat~llite signal margins in the presence of urban and rural radio 
freq~cy,. •interferenC"e and signal attenuation 'factors such as terrain blockage and 
foliage. This phase is intended to establish initial guidelines for field experiments 
with engineering models of low-cost receivers. 'fh€•.,esults of these experiments 
·and analytical comparisons of user costs and ben~fi;~· for alternative systems will 
provide comprehensive data for the DOT Navigation -Economic Model. 

A. NA VST AR GPS Land R,E&:D 

The specific task areas ~ ~dules 'indicating the majn year-by-year efforts of 
the NAVSTAR GPS Land R,E&:D plan are summarized 'in Figur~ JV-2.l and are 
described as follows: 

1. User Appiications Studies: Initial estimates of,.fhe.required accuracy, 
tolerable costs·~ apd benefits will be made from current and planned 
demonstrations of precision navigation applications. These 
demonstrations intjude AVM tests of public transit vehicles in Los 
Angeles, Emergency Medical Services (EMS) and highway acci~nt 
and road inventory applications in New York State and Tennessee. 

2. User Cost and ;,Benefit Evaluations: This activity involves~ review·of 
the FAA and Coa_st Guarcf NA VSTAR GPS low-cost receiver design 
st~ies, and an evaluation of the costs and benefits of techn~ally 
feasible, low-cost·receiver applications. 
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3~ Low-Cost Rece~ver Designs: An identification of the NA VST AR GPS 
receiver perform~ requirements ~hich are unique to land vehicles 
and their environments. The idffitification will ir.clud~ design· 
modifications which may~be requirecS:'for land dernonstration_s with •a 
limited numb« of C/A ct..ml NAVSTAR CPS receivers. 

B. RSP.A Recommendation 

After 198:!, the RSPA R,E&O' effarts '!iif ~~ an a coordinated recommenda':km­
to the Secretary Qf Transportation on 1lle ~tJ of NAVSTAR GPS· with land 
use~ Recommendations will be made •• efly and will rely on evah,iations of the 
result$ of demonstrations of NAYSTAR GPS capabilities by the DOT modal 
agencies and other land· users ~ expanded eccJIIOfflic ·analysis of cost and benefit 
data for :existing ~ emerging user groups. the evaluations wU_J aJso incl~ the 
results of field tests comp¥,ing NAVSTAR GPS ~jormance to LORAN~C and 
proximity system~. 

2.2 DOT R,E&D FOR EXISTING CIVIL N~ VIGATIONAL SYSTE_MS 

2.2.1 General 

The main purposes of DOT R,E&D on existing civil navigation systems are to im­
prove reliability and service, decrease costs, and satisfy new requirements. The 
major ·nor R,E&D for exjsting systems 'is outlined in the context of air, marine, 
and land areas of operation as follows: 

A. Air 

The FAA will continue its ongoing modernization and maintenance/ sustaining 
engineering of VOR and DME/TACAN in order to reduce the O&M c;osts and im­
prove the performance of gr.~und-based air navigation aids in the Continental 
United States (CQNUS) and U.S. territories. 

~ FAA ~ill continue to asesss the suitability of OMEGA as the primary means of 
navigation on oceanic air routes and evaluate the use of OMEGA an~ Differential 
OMECA for helicopter IFR operations and for general aviation in remote areas. 
Except for oceanic areas, similar assessments will be made for LOJlAN-C. 

The FAA will evaluate LORAN-C and NAVSTAR GPS as "VOR/DME replacement 
candidates for the fut~re air navigat~on sys~em within CONUS~ and NA VST 1\R GPS 
as an alternative to OMEGA and self-contained units in oceanic air routes. The 
evaluations are described in detail' in Append~x A a,id will involve field tests, low­
q~~t receiver design studies for LOR'AN-C and NAVSTAR GPS, the separate 
~evelopment of minimum performance stangards for area navigation (RNA V), an 
assessment of the impacts on pilot workload, blunder errors· and flight inspection, 
and► institutionaJ issues, e.g., ICAO aq::eptance and signal availability. 

Development activities for ~LS and ILS will also be continued. 
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r, B. Marine 

/fhe OO_T marine iR;E&D for ·existing systems 'is composed of i:'ight U.S. C~st 
Guard programs .. fwhk:h are described in detail in Appendix _ 8) and ·one rrogram 
~ing conducted by the St. l;awre!lce Seaway Development Cori>Qration (SLSOC). 
These programs can be grouped by· agency: 

1. 'Eig~t Coast ·Guard advanced R,E&O projects which focus on system 
~nh'anc:en,:tents arid improved techniques for the· Harbor._ Approach and 
Harbor phases of 9peration. These incl-. six LORAN-C projects on 
~in ~hancements~ 1propagation rese~ch, signal analysis, ~rvey 
techniques, grid stability measurements, one project on ship-board 
~isplay systems, and ~ ,on NAVSTAR GPS applications. 

2. 

c. 

·rne SLSDC has an ongoing program to evaluate the: feasibility of 
precision navigation systems f« au-.-ther year-round applications 
in the St. Lawrence Seaway and Creat Lakes regions. The program 

-·will provide demonstrations of LORAN-C. RAYDJST,. and tr:isponder 
ranging systems uses dw~ poor visibility conditions ,and during. 
winter periods when· the stanc1an1 :-:fJoating navigation aids must be 
remo,-~. 

Land 

In its Jead role in civil navigation, DOT ·is conducting R,E&D in cooperation with 
other federal departments (the Departments of Energy, Agriculture, ·Interior, 
Commerce, and HeaJth and Human Services) and State and municipal gov~nments 
in order to explore Jand applications o1 navigation systems. These ac:tivities are 
identified in five areas: 

I. The DOT Resea,ch and Special Programs Administration (RSPA), the 
National f-!ighway Traffic Safety Administration (NHTSA), and the 
Federal Highway .-Administration (FHWA) are jointly conducting 
demQOStrations of LORAN-C applications in New York State. The 
demonstrations will evaluate -uses of LORAN-C for highway site 
registration, emergency mec:fical services, and police car monitoring. 

2. The ()OT Urban Mass Transportation Administration (UM]' A) is 
conducting an evaluation( of the application of LORAN-C and 
proximity systems to fixed and random-route transit vehicles in the 
City of Los Angeles. 

3. RSPA, FHW A, and NHTSA have developed LORAN-C mobile demon­
stration laboratories to assess LORAN .. c signal char~cteristics and 
receiver performance in a number of State and local areas, e.g., 
Philadelphia, Boston,1and Washington, D.C. 
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4. 'fhe Federal Rai!road Administration (FRA) is eval~t~ng the use· .>f 
LORAN-C for monitoring train Jocation in r~l freight transP.>rtation. 

.5. R~PA,has initiated a fiye-year program to assess ,LORAN-C la,{ld ~es 
by t'1e DOT m0$fal ligencies, other .federal· departments, and State' 
and municipal governments. This program is described in deiajt in 
Appendix C and is intended to specify the lead-in work required for a 
coordinated multiag~cy evaluation o, a wide var,iety of potential 
land applications.. These include fire suppression., cargo security, 
automatic vehicle monitoring of buses an~ police cars, ~erial 
spraying, and many land -inventory uses. The activities w,ill cover. 
measurements of LORAN~C signals and noise, technical ~sse~ments 
of. the result~ of present ~d pl~Med d~monstration, gov~rnmen~:and 
statewide technology sharing, and comparisons qf LORAN-C 
performance ~d costs with1•alt~rnative navigati~ syst~ms. 

2.2.2 Specific Civil R~.E&D Ac:1i:1ities 

The specific DOT activities for exi~lng civil navigation systems and ·the. rela­
tionstups of these activitjes to the Federal Radionayigation Plan and the majpr 
dec:isions on system implementations are described in their associated air ,.rmarine, 
and land phases as follows: 

A. Civil Aviation 

The activities of the FAA, associated with impr9.ving .navigation systems serving 
civil and military air u.~ers are ~cheduled' as shown in F~gure JV-2.2 The systems, 
•described ar~ part of t, ~--existing Nation~l Airspace System and are prese_nted -in 
lhe categories -of short-aistance system$, off-shore and remote areas, oceanic,. 
landing, area navigation, and ~licopter IFR operat :_:>ns. In many of these ar~as, 
th~ ·FAA is developing requirements for accuracy and additional coverage to meet 
the proj~ted growth :in air traffic. These requirements will be used in technical 
and cost analyses to assist in determining the navigation system ·mix best suited for 
aviation. 

!l. Oceanic ~n Route 

The F.AA has approxed tile use qf 9MEGA for t~ purpos~ of updati11g -~lf­
contained systems including Doppler and inertial navigation sys.'.ems. Tfle FAA'has, 
recently approved dual OMEGA as a stand-alone ~eanic air na~!gation system. 
The FAA OMEGA program intludes activities to de~erm~rie the co,1tinuing'. 
suitability of OMEGA as a sole means·of oceanic nt. ~igation ~d the use of ~OMEGA 
as ~ l ~emote area SUP.Plement to VOR/DME. The ,program approach is similar to 
that f~ the LO~AN..C program and includes the: estabJisnmen-; of. a worldwide 
OMEGA data bank by collecting data on board domestic, foreign and government 
ai~~t • 
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Another activ~ty in :the .FAA oceanic OMEGA program is the development and 
evaluation of ~ OMEGA-VLF m~nitor system. This system provides warnings on 
OMEGA a!)d VLF ~ignal •outages aryd ·marginal sigriaj~ and ide~tif~es the best· 
stations for use in each geographic:al area .. This infoi-mation-is to be proyided to 
Flight ~vice Station (F~) centers, ~ ·will be pa~ on to the pilots through 
Notice. of Airmen (NOTAM). 

Since the o~ .. ~CA system is requi~ to ,operate at very low sigllill-to-noise ratics, 
another program activity is _to develqp ~ .~c;,w-noise antenna. Thjs antenna is now 
undergoing testirtg and e!aluation. Future activities under the noise reduction 
program include studJes ot alternative methods of noise reduction, fu_rther antenna 
research, and determinati90 of improv~ methods of discharging and bonding 
aircraft. 

An OMEGA simulator is also being developed to ~rmit ·rapid evaluati9n and cer­
tification of new O-"'E~A rect~ver designs. It will simulate a variety of signaJ-to­
nois~ conditiC>t"ls of the QMECA signal as ·well · as station failure conditions .~,d 
aircraf t ,movemerit. 

2. Domestic -En Rout~1(<;ONU~, Ala~a and Hawaii) 

The FAA is CO'!~UCting a program to1 modemize the VOR/DME/TACAN system w!th 
~lid-state -eq~pment which will include remote ·maintenance monitoring 
provisi9.,"s. 1'his mpde~ization progr&m is expected to be comp~eted _in th~ mid­
!980's. It is eipt.ctec:l'tha.t this equip~ent will be in use at Jeast until 1995. 

A LOR1AN-€ ·M~itor system is also being developed which will provide ,a. real-tim~ 
it"iput to FAA Flight Service St!ltion_~· (FSS) on the status of lORA~-C stations, 
identifyin'g __ stations that ~re -unstable or off ,the1air for matnte,nance and providing· 
~ta ~lating to· pl~n_ed outages. This information will t?e dissemina,ed ihrough 
the NQTAM. 

The FAA LORAN-<'.; program addresses the issue of LORAN-<; signal availability 
and reliabilityt,the~perform~a~ of the LORAN-C syste,n for ~11 route, terminal, 
and non-precision. approach 91>«ations; and the feasibility of t ~v~loping low-cost 
avionics,"~rticu~arly for general aviation. Ttiis is pait of a :joint ~ffort between 
the FAA and ~he 'united States Coast ~uar~ which inclu~s-establishi~g a LO~AN­
c data base, devel~ping a LORAN-C monitoring system, evaluating· vario4-s avi­
onics equipments,,. developing low-cost avionic:. equipment, developing ·geographical 
grid corrections, and determining the impact ~f using LORAN-C .navigatipn in. the 
air traffic control (A TG)"sy~tem and flight i0$P«tiQO proced!Jres. 

DOT (FAA ~d RSPA) ~ NASA ~e also conducting tests to assess the ~.rational 
feasibmty of using LORAN-C for en route, terminal and non-pr~cision approaches 
for a number of, ,irp~ts in the State of Vermont. In addition, measurem~ts •will 
be 11)~ by the DOT of shor.t_-term variations in LOP,AN-C signal stability. NASA 
~ RSPA wiU be examining Jong-term se~al'variations. FAA tests of LORAN­
C aided non-precision approaches are~also planned at other airports· aio1,g the East 
Coast, the,,West Coast, and in Alaska. 
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3. Remote Areas (lncl~ing Off-shore) 

While the p~~t VOR/DME coverage meets most civilian U3~r requirements, there 
are areas, such as so.me mountainous-regions and low altitude-airspace areas, wl-.ere 
there is a requirement for air navigation service that VOR/DME does not presently 
provide. .hlternatives being investigated to pro.yide the required coverage include 
additional VOR/OME_faciJities, and supplementing lhe existing VOR/DME systel'J! 
with tORAN-C, OMEGA, and OMEGA/VLF. Ci!fTent!y, OMEGA/VLF is approved 
as a supplement to VOR1DME with LORAN-C ,approval expected to be completed 
within a year:. 

As part of a remote area air navigation R,E&D ~f.fort, the FAA plans to start an 
ev~uation program with Transport Canac;la on a Differential O~EGA system in the 
F.~1 of 1_97,9. Three nondirectional beacons will be equipPed to transmit the 

-.c_erential 1OMEGA corrections to aircraft. The -,evaluation will be conducted 
9ver- th:! riext year in the ~laskan Region, and will involve the FAA flight inspec­
tion Convair, a Canadian• Twi.n Otter !llld -some cooperating commerdal aircraft 
operations. It is antici~ted that four sets of avionics wiU be us~ for tlie P,rOgtam. 

4. Helicopter IFR Operations 

'The FAA is examining special navigation requirements of heJicQpters for operation 
within the air traffic controi system, both within the CONUS and in offshore areas. 
The portion of this program reJ~tJng to navigational requirements cover~s the 
operational evaluation of LORAN-C and OMEGA as ,well as VOR/DME and 
DME/DMf; for operations oo area ·,iavigation routes within the CONUS arid on 
specic!llY defined routes suitabl~ :f.~, supporting offsl'!ore oil exploration. The 
program. ·will a!so ex2mine the ~ .~·of. ·airborne we~t~r radar in conjunction with 
supplementary equipment to a~ist-in:1<><:ating and ' making approaches to off~re 
platforms. This latter activity wiU examjne the effectiveness of several tech­
niques including active beacon systems, passive reflectnrs, comer reflectors and a 
variety of RF lenses for ,this purpose. Data <;.<?ll~ction will be condt}(:ted using ~ 
NASA CH-53H helicopter operatin~ along the area navigation routes ·bet·.ve.~n 
Boston and Washington. ~nother 1FAA eff<>r! will be data collection by the 
FAA/NASA helicopter operating in the offshore area in the vicinity of Atlanti.c 
City. The data collection system will simulfan~usly1 ,be. taking data from the 
VOR/DME (where available), lORAN-C, and OMEGA :stems on board the 
helicopter. 
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In ao<fition to the FAA helicopter activity, the Coast Guard wut be operating a 
helicopter with LORAN-C avionics equipment along a route between Otis Air 
Force Base in Massachusetts and Washington National Airpott·. The helicopter will 
take position data from the Automated Radar Terminal System (ARTS) Ill facilities 
located along the route and from an FAA precision radar at National ·Aviation 
Facilities Experimental Center (NAFEC) in order to assess· the performance of the 
LORAN-C system in heJicopter operations • 

.5. Area Navigation 

The FAA has implemented Area Navigation (RNAV) routes. The objective of the 
~-~AV program is to support integratiol) of RNAV, in an evolutionary manner, into 
thl.~ :Nati~ Airspace System. At present tjle main objective is associated with 
development of avionics standards. This FAA activity will be closely coordinated 
with the aeronautical industry. The end products of ,the RNAV program are the 
development of minimum performance standards for avionics prepared with the 
coordination of ·industry. 

The advent of latitude/longitude·--grid navig,ation systems such as LORAN-C and 
NAVSTAR GPS has increased awareness of the pilot workload, pilot blunder. ~d 
system integration problems involved in using latitude/longitude RNAV ~uipments. 
RNAV procedures with· ~µch systems may differ from RNAV based on the 
VOR/OME system. Typical LORAN-C equipment will be installed in a simulation 
facility to study problem~ related to pilot/controller workload, real time 
coordination, and minimization of flight technical error for various -civil air user 
groups, e.g., VFR through high density IFR. R,E&O . will also be devoted to 
development of RNAV charting concepts and waypoint definition. 

6. Non-Precision Kpproach 

;A~-,indicated in paragraph 3 abov~, a number of=activities are underway related to 
lORAN-C use for non-pretjsion approaches. 

The j~int· U.S./Canadian Differential OMEGA work (paragraph 3 above)~wm address 
the fea~ibili!:y of Differential OMEGA use for non-precision approach in Alaska. 

Some of the RNA\~ work (paragraph 3 above) is also applicable to the1non-precision 
approach area. 

7. Precisi90 Approa~h and .Landing 

At tne ICAO meeting in April 1978, the member· states agreed that the instrument 
landing system (ILS) would be operated at international airports until at least 199.5. 
ICAO also decided on a specific microwave landing system (M.LS) technique to ,be 
used .as the· international standard. While the ILS system currently in use has an 
excellent safety record, the MLS is being proposed as ·a replacem~nt because 
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the siting and installation problems a."'e much Jess pronounced, which makes the 
MLS usable at more locations and wi~ lower instaUation costs than ILS. Also, 
there is a limit on the number of ILS facilities that can be installed in a small 
geographical are~ because of radio spectrum crowding problems. The cost impacts 
of MLS dictate caret ul and continued consultation and cooperation with both 
domestic and international in~erests. 

8. Civil Marine 

TJ;le plans of the USCG for improving marine navigation systems, which ~rve the 
civil maritime user, are described below and sc~uled as shown in Figure IV-2.3 
The Figure also indicates ~t,e DOT Navigat_ion Economic Moc;lel ~d the inputs 
required from the air and land phase prior to a DOT decision on .i>ost-199.5 nav!~ 
gation systems. The discussions are presented in terms of the phases of marine 
navigation as foJlows: Oceanic, Coast~, Harbor Approach,. Harbor and Inland 
Waterways. 

1. Oceanic 

The USCG is in the process of validating the coverage and accuracy of the OMEGA 
system as an oceanic aid to navigation for marine and aviation users. The OMEGA 
navigation system provides gene!'al purpose encroute navigation ser:.vice worldwide 
for marine and air users-from a networkof eight stations. 

There remai11 some questions aoout the actual worldwide ~rformance of OMEGA. 
The Coast Guard will promulgate progressively, on a regi~ basis, the results of a 
worldwide general assessment of the coverage and accuracy of the OMEGA system. 

As each given geographic area is thus validated, the OMEGA system users wiU be 
advised concerning oper~tional limitations as appropriate. The OMEGA system 
cannot be declared fully operational, worldwide, until the eighth station is in 
operation, and the accuracy and coverage is measured and validated. This is 
expected to take place sometime in 1982. Operation and. validation of the OMEGA 
navigation system, and the progressive 'improvement of corr.~ctions for OMEGA 
propagation errors, are, the major Coast Guard activities a~ociated· with oceanic 
navigation. 

2. Coastal 

The ·primary sy~tcm in us~ for U~S. coastal marine navigation is the LORAN-C 
system. LORAN-C is replacing LORAN-A in this ph~ of marine navigation, the 
latter being termiJlclted in December 1980. OMEGA is the designated LORAN-A 
repl~cement for ocean .navigation. A ilational impl~mentation plan was· initiated to 
pr9vide LORAN-C coverage in the Coastal area of the con~!guous !#8 states, 
~uthem Alaska, and in the Great Lake~. ~ew station implementatic:;_n and recon­
figuration of one er.isting ch~in are essentially complete, excep, for one new sta­
tion which will complete the coverage of the We~ ,rn Great Lakes in 1980. 'This 
plan adds 12 U.S. stations and 2 Canadian stations to the ne\work of stations built 
originally for the DOD tiiroughout muc;h of the Northern Hemisphere. 
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Extensions of LORAN-C coverage to the Eastern part of Hawaii, the Alaskan north 
slope, and P~to Rico and the Virgin Islands.are now being considered by the Coast 
Guard. Decisions will be made by 1912 and will involve an assessment of Federaa 
~d user costs and benefits, user requirements, and the ·extent of geographical 
aiverage to be p·rovided by various LORAN-C configurations and transmitter·poy,er 
JeveJs. The-decision to provide additional coverage for the Alaskan North Slope 
depends on both air and marine navigation requirements. A review of the maritime 
requirements is scheduled for 1910. In the meantime, the FAA is evaluating 
LORAN-C, OMEGA/Oiffei'ential OMEGA, and VOR/DME for air navigati~ in this 
region. 

The USCG operates a network of marine radio-beacons to provide the primary 
radio aid to navigation for many smaller vessels and boat$. TIie radiobeacons are 
also used 'JY rriany Jarge ships for homing and harbor approach. In the U.S., there 
are 196 existing radio beacons today, and 30 more are being established to meet the 
increasing use by small vessels. The current improve~t program will replace 48 
different types of obso'Jete, .unreJiable radiobe~ equipment with a standardized 
design o1 solid-s~ate transmitting equipment which will reduce annual operations 
and maintenance costs. 

'Radar beacons (RACONS) are short-range radio devices used to provide radar 
reference points in areas of ftat coastal terrain and other places where it is im­
portant to identify a special fix~ or floating aid. The Coast ~uard is plaMing to 
add a modest number of swept-frequency RACONS in the J980's to meet critical 
requirements. 

3. Harbor Approac.J1, Harbor, and Inland Waterways 

There are a number of pr 1 ... .:ts to investigate ~he use of LORAN-C for other than 
offshore marine navigation in the coasta! area. The re~ansmission of LORAN-C 
coordinates is being, examined for use in ·surveiUance and tracking of marine 
vessels. The Coast Guard is ·aeveloping LORAN-C for use as a precision navigation 
system in Harbor Approach and Harbor a:teas. For example, a mini-LORAN-C 
chain installed in the St. ,Marys R!ver is being evaluated to establish the capa­
bilities of a· short baseline LORAN-C chain configured specifically for precision 
navigation in a localized harbor area. 

The St. Lawrence Seaway Development Corporation (SLSOC) has . undertaken a 
program to improye all-weather navigation in the St. La:~rence Seaway. The 
program is expected to result i~ a three to fourfold i~rease in syste~·,capacity 
duri~g those ~iods at the begiming and end of the shipping season when c<>l)ve11:.. 
tion~ Hghted, floating aids to navigation have been removed because of ice. 
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Under the CongressionaUy man&\ted and funded Great '"Lakes-St. Lawrence Seaway 
Navjgation Season Extension Demonstration Program, tfie SLSDC, in its capacity as 
U.S. le~ agency for 91)erations in the St. Lawr~ River, is pursuing a demon­
stration project comprised of: 

a. A definition of syste'!I requirements - system capacity<as a function 
of accura~ and specification·of'gu~ parameters and reliability. 

b. ~ development of a test plan - selection of a test bed for the Saint 
4wrence River:and definition of test procedures. 

c. A surve} of available electronic positioning systems, including ship­
boarcthardware. 

d. A full evaluation and validation of the ,system· requirements utiHzing 
~ or more selected systems. 

From the test results, the SLSDC, in consultation with its Canadian counterpar:t, 
will asset~ the costs and benefits of the various types of all-weather navigation 
systems., The decision to go ahad ,with an !nstallation in the Saint Lawrence 
Seaway wilt depend on the results of the cost and benefit study. 

c. Land Navigation 

As navigation benefits to land-users become apparent, and as receiver equipment 
costs decrease due t~ tedvlology improvements and expanding user markets, 
adaptation of the existing· navigation systems to serve multimodal civil users may 
prove cost-effective. DOT R,E&D activities are planned, therefore,, ro,investigate 
the potential benefits of. LORA~-C to both public and fKivate land users, e.g., 
truck fleets, rail vehicles, ~es, and police and eJnergency vehicle:-;. 

The LORAN-C stations which serve maritime navig~t{on' in the U.S. CCZ and the 
Great Lakes also provide coverage over two-thirds of the 'land -area of the 
·contiguous 48 states, and 91. percent of its popu~tjon. This service has many 
potentiaj1 applications wf!ich can be expanded on a rriore economical nationwide 
basis by'"the addition of ttiree to five LORAN-C· stations in the mid-continent. The 
Ci>ast Guard is prepared to build t~ stati~ and incorporate them· into the 
existing LORAN~ network if the Sec~tafy of Transportation directs this 
expansion of LORAN-C coverage for the benefit of land users. 

Ther~ appears to be a great number of potential uses for radiq-location service on 
land which may provide:substantial benefits to transportatjon. Federal, State, and 

-'private crganizations are becomi~g increasingly aware of this pQtent~l. Organ­
izations within DOT such ~ FHWA, FRA, NHTSA, and UMTA are r.onducting or 
planning pn,jec1s to ~igate land use of LORAN-C. An application of LORAN­
C in urban .ea for automatic vehicle monitoring is currently· being-sponsored by 
UMTA. 
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1he Departments of Energy. Agriculture, Interior, Gommerce, and He~th, and 
Human Services, ~ weU as a number of States; are conducting or pJann~ projects 
involving land applications ot a ·racliona~igation capability. ·to date, the projects 
are generally investigations to develop techniques to use LORAN-C for specific 
purposes where its aCOJracy, availability, and low user costs may be ~~ly 
demonstrated. It appears highly probable that in futul'!; years, "!an4 nayiga,ion" 
will develop ~ a growth industry providing maj1 • benefits for governm~t, 
industry, and the general public. 

The major DOT land ~vigation actions ~ .e ·describe.d in detail in Appendix C. An 
analysis of the mid-continent cost/benefitli of LORAN-C for land user applications 
has been completed and a report was published in January 1,1,. Conqarr~t with1 
this analysis are land application demonstrations of LORAN-C being C!rried out by 
DOT and several State governments. A ~ORAN-C R,E&O program is tn progress to 
obtain data on propagation effects, of LORAN-C coverage, signal margins, and 
radio frequency interference. The critical issue for. land users pertains to the DOT 
qecision to extend LORAN-C coverage to the midl<:ontinent region of th.e 
contiguous .u .. s. Assll1ling Sl"=h a decision is,made, major eff0!15,will be devoted-m 
expanding the implementation of land applications of LORAN-C for the increased 
number of users who will require the nationwide navigation capability. The.efforts 
will emphasize the transfer of technology to both the ~lie and private sectors. 

o. NAVST AR GPS R~&D Planned by the NASA Off ice of Aeronautics 
and Space Techno gyi(OAST) 

The currently pJamed 9A$T activities are largely associated with the civil appli­
cation to NAVSTAR GPS and il)volves both Space and Aeronautics R,E&O. The 
spac~ activities are focussed on providing accurate onboard time. and position 
which either NAVSTAR Gps or TORSS might provide. The aeronautics tasks 
involve antenna-siting investigations ~ low-cost receiver design concepts for 
civil airc raft navigation. 

While OAST has no requirements per se, survey of potential space users indicate 
that most scientific and applica~ions missions require position accuracy no greater 
than ..50-meters. However,~ perform onboard image registratron, posit~ accu­
racies of l to 10 meters will be required. On the aeronautical side, research has 
been conducted on automatic landings for commercial transports using the FAA 
NAFEG fac;ilities and the NASA terminal configured vehicle (TCV) research air­
craft. our findings indicate that t~ handle high traff~~ capacity at major 
terminals, the fol)owing accura~ies (2 sigma) might be necessary: 

Cross Tra~k !JO meters (100 ft.) 

Along Track !1 . .S to 3 M (.S-10 ft.) 

!0.3 to 0.6 M 0-2 ft.) 
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Requirements for general aviation aircraft would be less stringent. OAST will be 
working with the FAA to develop future navigational requirements for other phases 
of flight. 

A detailed outline of space and aeronautics activities is as fo~ws: 

1. Space R,E&D 

As part of the NASA end-to--end da~ system (NEEt;)S) program, OAST is developing 
techniques and proceduMS ~o provide accurate onboard orbit, altitude, and time; 
andc. defining 'components necessary for onboard imaging registration ~pability for 
earth-pointing imagi~g 51)acecraft such as LA~DSA T-D. This effort includes ._he 
estaJ>list.ment of a" simulation la~,tory where applicable oritioard orbit and 
attitude determination ~ control algorithms can be developed and rigorously 
tested using minicomputers and a group of. micropr~ssors that generate the 
appropriate sensor data in paraUeJ. This ground breadboard system 'Nill be supplied 
actual C/ A and P code ~AVSTAR GPS data. 

2. Aeronautics R,E&D 

OAST is in the process of discussions with the FAA on a joint program which could 
lead to an augmentation of our current plan over the n~xt ~veraJ years. These 
added tasks might entail cooperative exper~mt:r.tation and system demonstrations 
using NAFEC facilities, for exa11"1pJe, and, if and when they materialize, tfle 
current .plan will be updated and the information forwarded. 

Efforts involve antenna.siting investigations and Jow.cost receiver design concepts. 
~ - antenna task will establish siJing requiremen~ for various types of civil 
aircraft~ will involve laboratory experiments with about two aircraft mpdels per 
year. 

At the request of the FAA, NASA has been involved in studies of Jow-cost 
approaches to the developm~t of NA VST AR GPS re.ceivers for •~ aviation 
navigation. The principal driver is achieving a unit cost for a 10-20 meter system 
which would be attractive to commercial and private aviation users. 

·The conceptual design,of a low-cost receiver has both study elements and Jabora­
tory analysis/experimentation. The studies involve investigating imovative design 
options which may be suitable for a civil but not a military applicat.~ and 
est~lishi!"& civil navigational accuracy require~ents. A satellite simulator and 
breadboard receiver will be proaired to provide a Jaborator:y '!;search tool for 
ooncept analysis and experiment~tion. 

In FYi J 911 studies will· be made on advanced architect~re g,ncepts. The 
bre~board r~iver will be modified in FY 1911 and FY 1982 with experimental 
s~ystems and circuits t~ evaluate,.the potential for a ·low-cost, practical design. 
Further modifications will be made during FY 1982-84, based on selected 
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technology development such as Charge Co_upled Devices (CCD)~ microwave 
i,ategratecf circuits, low-cost clock concepu, etc., to assess their potential so tha, 
in FY t 91• OAST will be in a position to study receiver design options and trade­
offs based m our laboratory experimental findJn~. 
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VOLUME JV 

CHAPTER l 

DOD RADIONAVIGATJON RESEARCH, ENGINEERING·& DEVELOPMENT 

.3.0 000 R,E&D ACTIVITIES 

DOD RtE&D activities descr~ in this volume concentrate only on those radio­
navigation systems that have clearly defined common-user (civil/military) charac­
teristics. Common user systems include those which emit signals in space which 
are -available to anyone using properly designed equipment obtainable without 
restrictions. Further, these systems are ava~ble on a full time basis, and are not 
dependent on tactical military operations. At ,this point in time, common-user 
systems having active R,E&D programs are NAVST AR GPS, TRANSIT, and MLS. 

l.l OBJECTIVES 

The OOQ R,l;_&D plan-for radionavigation systems describes only engineering deveJ­
opnent activities affecting common-user ra~ionavigation systems. These ~ctivities 
are primarily driven by the mission ~quirem·~ts of the, commanders of the Unified 
and Specified Commands and the Military Departments/Services. These mission 
requirements normally include accurate navigatiOf} within the Continental United 
States, in ocean_~ areas, and in overseas theaters. Other requirements inchld,e 
security, ;resistance to m~coning, interference, jamming and intr~ion and satura­
tion Jimit and worldwide coverage. These radionavigation requirements form the 
basis for the overall DOD R,E&D program which impacts a wide range of equip­
ments, some of which have common-user characteristics. 

3.2 RESPONSIBILITIES 

DOD and its component elements are responsible for developi~g, testing, evalu­
ating, operating, and maintaining aids to navigation and user equipment for miliary 
missions. DOD is also respon~ible f« assuring that military vehicles, operating in 
consonance with civilian vehicles have the required navigation capabilities to, 
operate in a'safe and ~xpeditious m~r • 

.3.3 R;E&D EFFORT 

.3.3.J NAVSTAR GPS 

The major R,E&D effort addressed tq common-user systems is being appli~ to the 
NAVSTAR Global Pasitianing System (GPS). Thi~ system, currently in the 
engineering developnent ~. will have a sign~icant effect on the use by the 
Armed Services of LORAN.JC, OMEGA, TACAN, TRANSIT and VOR/DME. 
Current efforts in Phase D (full Scale Engineering Development) include initiation 
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of developn~t of prototype user equipment, initiation of prototype satellite and 
con~ol ,station production, and initial o~rational test and evaluation of user 
equipment. Details concerJ)ing NAVSTAR GPS program goals, schedules, and test 
pa,nning are·· contained in ·A~ix D, DOD· R~arch, Engineering iWf Develop­
ment for Selected Radionavigation Systems. 

3-3.2 TRANSIT 

TRANSIT developrn~t is es.sentiaJly complete except that two additional TRANSIT 
sat~lites are planned for launch in ·CY l 9SQ. The only exception is a low-Jevel 
effort to modify the TRANSIT satellites to be compatible with the attach points in .,/' 
the spa~ shuttle .orbiter bay for easier integration. 

3.}.l. Microwave Landing System (MLS) 

MLS R,E~D activities are currently li'°"ited to participa~ion, within the scope of 
responsibility and the fundtng authorized to the Federal Aviation Administration, 
1o ensure that maxif!lum progress is-made tow•d providing the DOD !'ith an 
operationally effective tactical mictowave landint·system desj.gn. Objectives foe 
the DOD participation are interoperability between avionics and ground 
instalfation, civil or military; performance accuracy in <X.!ffiPliance with MLS 
~andards and military requirements; reliability, maintainabµfty, producibility and 
Jife-cycJe-cosi goals attainment; achievement of size, weight and lunan factor 
goals; and demonstrat_ion .of approach flight capabilitj,es and Short Take-off and 
Landing (STOL) and Vertical Take-off· and Landing (VTOL) projections. 
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FEDERAL RADIONAVIGATION PLAN 

APPENDIX A 

FAA RADJONAVIGATJON ~ESEARCH, ENGINEERING & DEVELOPMENT 

TABLE OF CONTENTS 

1.0 ALTERNATIVE RADK>NAVIGATION SYSTEMS AND ISSUES •• A-1 

1.1 IDENTIFJCATK>N OF ALTERNATIVE NAVIGATION, 

SYSTEMS .•••..•.... . . . . . . . . . A-1 

1.1.1 Ocunic En Route Phase • • • • • • • 

1.1.~ Domestic En Route and Terminal Pha:i;e. 

• • • • A-1 

1.1.~ Remote Areas.. . • . 

1.1.4 Helicopter Operations 

. . . 

h.1.5 Approach am Landing Phase. . • 

. . . . . . . . • A-3 

. . . . . 
1.1.6 Summary of Identified Systems 

1.2 CRITICAL ISSUES • • • • 

. . . . 

• A-4 

. A-4 

•• A-5 

• A-6 

• •. A-6 

• A-7 

.• A-7 

• A-8 

1.2.1 NAVSTAR G~ Issues •• 

1.2.2 LORAN-C Issues. 

. . . . . . . . .. 
, . . 

1.2.3 VOR/OME Issues. • . . . 
2.0 FAA RADIONAVIGATION R,E&D PLAN, . . . . . . . 

2.1 ~X~INATION OF.-NAVSTAR GPS AS A CANDIDATE 

SYSTEM • ! ; •• • ., • • . • • ~ ~ • 

2.1.1 Analysis and Simulations • 

2.1.2 Assessment of Sigpa!-and Noise 

Characteri!tics • • • • • • • . 

. . . . . . A-8 

. . . . . . . . . A-8 

. . . . . . •.. A-11 

2.1.3,Evaluation of DOD NAVSTAR GPS Receivers ..•• A-11 

A-i 



I ' 

2.htfOeve~~prient and Te~ of ~w.-Cost NAVSTAR GPS 

General Aviation-Receiver A-11 
,. .,,.. • • • • • • & • • • • • • • 

2.2 EXAMINATION,OF LORAN-CASA CANDiDATE 

AND/9R.,SUPPLEMENTARY SYSTI;~ • • • • .. . . . A-12 

2.2.1 A9essment of Signal and Noise 

Characjeristics • . • • • . ! • . . . •· . .. . 

2.2.2·Qevelopment al1d Test of General ~viation. 

AVJCIII~ • • • • • • • • . . .. . . . t • ·• • • A-! 2 

2.3 EXANINA TION OF ·MOPERNIZED VOR1DM~ AS A 

CANQJQATE SYSTEM •••.•..••••• 

2.3.1 Impact of Moderni~tion on Op~ration and 

. . . . . . . . . . 
2J.~ future Growth Poten~ial • . . . . . . . 

. . A-12 

2.4· IMPACT ON'At<roF NEW NAVJqATION SYSTEMS ..• A-ltf 

2.lf.l :rea:Navjgatiori . .. • . • • . • . • . . • . . . A-lif 

~.4.2 Dual Navigation" System. Oper~t.ion During. 

Transition ~ • • • . . . • . . . •. . . . . . . . A-15 

2.4.3 Notices to Airmen·(NQTr\M) System Development . A-15 

2.4.4 :!:light Inspection System Development . • • • • . A-:!'5 

2 . .s= CIVIL AIR NAVIGATION sv:;TEM ECONOMIC ANALYSIS A-1' 

2.5.1 Mode! Development • 

2 • .5.2 Model Inputs . . . . 

. . . . . . . . . . 

. . . . . . ~ . . . 
. . . 
. . . 

A-1.5 

A-15 

2.~ •FAA DECISIONS ANO REC.,MMENDATIONS TO DOT . A-16 

.3.0 FAA RADIONAVIGATION R,E&D PROGRAM S<;HEDULE •. A-16 

•.0 RELATED C~ITICAL ISSUES. . . . . . . . . . . . . . • A-16 

A-ii 

' 



t 
j 
l 
L 

q 

APPENDIX A 
LIST OF ILIUSTRATION'.$ 

·FIG~RE PAGE 

A-1 Future Civil Aviation Navigation Standard 
Decision PJan and Piesent Aviation Navigation 
Capabilitie~ and Future Requirements .. • • • • • • A-9 

A-2 

A-4 

Examination of GFS as a Candidate for 
Future Civil Air NA V Systems • • • • . . . . . 
Examination of,;LORAN-C as a Candidate 
.or. Futur~ Civil Air NA v''systems. • -. . . . . . 
qvil Air 'Navigation R&D Program Milestones . . 

.A- ·l0 

.A-13 

.A-17 

A-4 (cont.) Civil Air: Navigation R&D P.rogram M1ieston~~ • . • A-18 

A-iii/A-!v 

I 
I 

I 
I 
I 

' l 
l 
:.I } 

' 



I 

' . 

J 
4 

t , 
1 

~ 

APPENDIX A 

FAA RADIONAVIGATION RESEARCH, ENGINEERING, ANO DEVELOPMENT 

This appendix discusses and summarizes the current civil air navigation system 
alternatives, and the complete FA/\ radionavigation .R,E&D plan. The: pJan 
contai~, t~ fr~mr.work for providing\ the· operational and technical data liose 
needed for the selection of the futµ~ civil air navigational system. 

The FAA under the Federal ·Aviation Act of 1·958 (PL85~726) has responsibility for 
-development and implementation of radionavigation systems to meet the needs for 
safe-~ efficient navig!1tion and control of all ciyil and mmt,ry aviation, ~xcept 
fqr those which are peculiar to air warfare and prirr,•.arily Qf military concern. The 
FAA also has the responsibility to operate aids to air navigation requir~ by 
international treaties. 

1.0 AL·TERNATIVE RADIONAVIGATION SYSTEMS .AND ISSUES 

1.1 IDENTIFICATION OF ALTERNATIVE NAVIGATION SYSTEMS 

The alternative navigational systems discussed below are VOR1DME, NAVS'r ~R 
G~~' LORAN-C, and OMEGA. TheY,_ are discussed with respect to domestic, 
oceanic, and offshore airspaces. LORAN-C and OMEGA are also discuss~ as 
supplements to the present VOR/DME system. 

1.1.1 Oceanic En Route Phase 

Oceanic coVf'!"~ge can be achieved by using a long-range, ground-based system, a 
self cont~~;ted system or a sateltite-bc_\sed system. The three systems disc~ssed 
below for this lu~tiqn are OMEGA, NAVSTAR GP$, and u;>RAN C. 

A. OMEGA 

The OMEGA system is currently used in the ~anic airspace as a stand alone 
navigational system and as a LORAN-A repl~c:~ment. It provides worldwide 
coverage such that those aircraft engaged in international operations can use their 
OMEGA equipment anywhere. 

B. NA VSTAR GPS 

NAVSTAR GPS, when implemented, could serve as the successor to OMEGA for 
oceanic use. It should enjoy 1he coverage advantages of •~MEGA, should provide a 
much higher accuracy and, in addition, possess the potential to provide a domestic 
en route as well as an oceanic system. 
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1.1.2 Domestic,En Route & Terminat •Phase 

A. VOR/DME 

VOR/DME* is the worldwide .civil short range air navigational system. It has been 
adopted and standardized by the International Civil Aviation Organization (ICAO). 
The air routes of the National Airspace System (NAS) are based upon VOR/DME. 
The stanc:fard route structure is a network of .iixed point-to-point segments. The 
route guidance is pr~vided by fixed radial courselines emitted from the VOR ground 
stations. Hence, general aviatiO!' aircraft ~re able to fly in the NAS, under 
Instrument Flight Rules -(IFR), with only VOR navigation. In addition, the VOR 
provides navigational information to the pilots of thousands of aircraft who are 
flying under Vjsual Flight Rules (VFR). The DME, coUocated at the VOR ground 
station, provides distance from t~ ground station. It is carried by about 2.5 
per~nt of the general aviat!on fl~t and is required for air ·carriers. The DME 
simplifies and forms the basis of some. A TC procedures, especialJy in the terminal 
area. VO~/DME angl~ and distance information is readily ·transforma~le to provide 
navigational information along any ~ired fl!3ht path, if the aircraft is within 
grou~ station coverage. N~vigationcll capability, allowing flight al_ong any desired 
path, is called area radionavigation (RNAV). More than 10,000 RNAV sets are in 
use today by civil aviation, and continued growtf'! is expected. 

The majority of the VOR ground facilities in the U.S. is collocated with the 
military TACAN** system. ThCAN provides DME to both the civil and militar)' 
':9Sers and azimuth informatiO'lS to the military users. Thus, both cNil and military 
u~ers can navigate· in the NAS in a compatible manner. The VOR/OME is 
afforda_ble to the general aviation users, who constitute the largest number of 
users, and is well thought of by the air carriers. The user can opt for 'various le~els 
of capability (radial navigaticn to area navigation) tQ suit~tiis needs. Therefore, the 
modernized VOR/OME, presentJv under ·procurement being attractive to both the 
government a~ the users, is of the candidates for the future civil air 
navigatioo standar~. 

B. NAVSTAR GPS 

NA VST AR GPS is a. satellite-based navigational system which is being•developed by 
000 primarily for high accuracy weapons delivery and other military missions. It 
will use orbiting s~telHtes to provide L-band, *** worldwide, continuou.c;, 
all-weather, information to users operatir1g in a passive mode. 

As compared with VOR/DME, NAVST~R GPS could provide low-altitude coverage 
over all of the continental JJnitef! St~tes and it-is inherently an RNAV system. It 
~s the potential to become a multimodal and,co:nmon civil/military system. 

** 

VOR - Very High Frequency (VHF) Onm! Range, 108-llS MHz band, DME -
Distance Measuring Equipment, 960 - 121,S MHz band. 

TACAN - Tactical Air Navigation gives both radial and DME, 960~121.5 MHz 
band. 

*** L-Band - 1227 MHz and 1.57.5.42 MHz. 

A-2 



t 
I 
J 

However, the civil aviation user could be required to p.irchase a level of 
navigational equipment which is significantly more c~ly than VOR/DME. That is, 
a user, whose.primary need is radial navigation, may not be willing·or able to pay a 
higher price for increased capability. 

C. LORAN-C 

LORAN-C is a low-f~quency, pulsed ground-based ,navigational system. In its 
most common mode of use (hyper~lic) it requires navigational signals to be 
received from three ground stations. LORAN-C has been implemented as the 
Government-provided marine navigational system .for the U.S. Coastal Confluence 
Zone. (CCZ) This implem~tation has resulted in coverage over most of the 
continental Unit,ed States, with the exceptions (?f the mid-con~inental region. QOT 
studies indicate that complete coverage for land position determination can be 
obtained by the addition of three more ground stations. This coverage will not be 
adeq!..ate for aviation sine.~ the outage of a ground station would have a sigr.ifica11t 
impact on air traffic operations. An FAA study inc0cated that 13 or more 
additional grqund static;,ns would be required to assure sufficient cov~age in the 
event of ·a ground station outag~,. The performance of the aviatiorr user's 
equipment is more critical than other userst J~ause of the time ~ynamics of-air 
ti_:affic operations. 

LORAN-C, like NAVSTAR GP.S, is. an RNAV' system which can provide fow altitude 
coverage. LORAN-C is being flight tested as an, RNAV system supplement to 
VOR/DME and in areas without VOR/DME coverage. 

D. OMEG~/Differential OMEGA 

OMEGA is a very low frequency (VLF) radionavigation system wh~~ supplies 
almost worldwide coverage with only 'eight ground stations. OMEG" has been 
approved as an en route RNAV system supplement to VOR/DME under certain 
conditions. 

Differential OMEGA is not currently considered as a primary candidate for 
domestic air navigation, primarily because it ~ -not appear to provide adequate 
signal coverage over all of the continental Unit~ States. However, the FAA is 
conducting flight test evaluations of Differential OMEGA as a supplementary 
system for remote areas such o:,Alaska, where adequate signals do exist. 

1.1.3 Remote Areas 

Remote areas ar~ defined as regions· which either d9 not meet the requirements for 
installation of VOR/DME service or where. it is impractical to install this system. 
These include offshore areas, mountainous areas,-and a large portion of the State 
of Alaska. The systems 'being investigated to provide aviation navigational service 
in these areai1are OMEGA/Differential OMEGA-, LORAN-C, and NA VST AR GPS. 

A. OMEGA/D1f.ferential OMEGA 

~ OMEGA system, used in conjunction with the Nf vy VLF communication 
network, has-.been providing navigational service for operations in the offshore 
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environment- outside coverage of the VOR. It enjoys limited certification as a 
S'Wlement to VOR f~ IFR operations ~ it is expected to be :u.sed for the 
fo~eeable future. lb_is system (in the Basic an\.! Differential Mode) is also being 
evaluated for the remote areas such as the Alaskan regions. 

8. LORAN-C 

LORAN-C is being considered, and is expected to be certified as a supplemer.t to 
VOR/DME in°the near future. 

C. NAVSTAR GPS 

NAVSTAR GPS, when .jmplemented, will be a candidate for _providin~ aviation 
navigational service in remot~, as welJ as worldwide, areas. 

1.1.4 Helicopter ©per~tions 

Helicopter operations occur in offshore domestic low-altitude airspac~. Since 
VOR/DME is limited to Jine-of-siw-t coverage, it generally cannot provide the 
required navigationaJ,:serwice. The systems of int~est are the sam~ as those f~r 
Remote Areas (OMEGA/Differential OMEGA,'LORAN-C and NAVSTAR GPS). 

A. OMEGA 

The OMEGA system, used in conjunction with !he Navy VLF communication 
network, has been providing navigation~ service for operations in the off shore 
environment; outside cov~age of the VOR. It enjoys limited certification as a 
supplem·ent for IFR operations and it is expected to be used for the foreseeable 
future. This system (in the Basic and Differential Mode)•is also being evaluated.for 
the remote areas such as the Alaskan regions. 

8. LORAN-C 

The LORAN-C is being considered for p_rovid~ng the navigational service for 
helicopter operations as a supplement to VOR/OME. Both t'·~ lJ.S. Coast Guard 
and civil helicopter operators are pursuing programs with .,,'le FAA to obtain 
(ORAN-C certification for instrument fHght operations. 

C. NAVSTAR GPS 

NAVSTAR GPS, when implemented, will become a candidate for providing naviga­
tional services for helicopter opera.tions. 

1.1.5 Approach and Lan'ding Phase 

A. Precision Appfoa~h and Land.ing 

NA VSTAR GPS (for non•DOD •users) and LORAN-C are not sufficiently accurate 
for this phase of operations and it is not being considered~ Specialized precision 
approach and landing systems, e.g., Instrument Landing System and Microwave 
Landing System, are the only .systems capable of meeting requirements in this 
phase. 
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8. Non-Precision Aperoach:es 

J. VOR 'is currently in use for noi1-:-precision approaches. 

2. ~AVSTAR GPS 

NAVSTA~ GPS .is being c:onsidere~ for non-precision approach phase of navigation. 
The effects of NAVSTAR GPS pilot workload on Flight Technical Error and l;\lunder 
Rate, NAVSTAR G~ unique system errors, and NAVSTAR GPS available civil­
user accuracie~ •. are being investigated. 

Flight Technical Error (f:'TE) refers to the accuracy with which the pi.Jot controls 
the aircraft as measured by his success in causing the indicated aircraft position to 
match the indicated command of desired position. It does-not include procedural 
blunders. A blunder error is defined as a significant unintended and undetected 
deviation from the desi~ flight path. 

3. LORAN-C 

EvaJuatfons are currently in process to determine the eff~ts of LORAN-C pilot 
worklo~ and signal characteristics. 

4-. Differential OMEGA 

Eva!uations similar tp LORAN-Care currently underway. 

1.1.6 Summary of Identified Systems 

The identified systems to be considered by the FAA are: 

A. Oceanic Eri Route Phase 

o OMEG~* 
o NAVSTAR GPS 

B. Domestic Terminal and En Route Phase 

o VOR/DME s~lemented by OMEGA and LORAN-C 
o NAVSTAR GPS 
o ioRAN-C 

c. Special En Route Phase (Remote de Helicopter) 

o OMEGA/Differential OMEGA• 
o LORAN-C* 
o NAVSTAR GPS 

* Self-contained aids including inertial navigati~ and Doppler radar ·systems with 
update from one of these aids are also being considered. 
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D. 

E. 

Non-Predsian Approach and Landing Phase 

0 

0 
0 
0 
0 

VOR/DME 
NAVS'IiAR GPS 
LORAN-C 
Differential OMEGA 
N~-Directional beacons 

Precision Aeeroach and Landing 

o lnst~ument Landing System (ILS} 
o Microwav-e Landing System (MLS) 

As can be seen, NA VSTAR GPS is the only system which has the potential to 
provide a single-air navJgational aid for all phases except Precision Landing. 

1.2 CRITICAL ISSUES 

There are certain issues that are common to the implementation of any candidate 
system other than the present VPR/DME system. These are: 

A. C~rr,ent operations of, multiple navigati9flcll systems and ~anoards 
during the transition period. 

B. Rel_iability of the signal in space and signal status information 
dissemination to pilots and controllers. 

C. Flight inspection method to be carried out for the alt~rnative system. 

Specific systems issues are discussed below. 

1.2.1 NAVSTA~ GPS Issues 

Some of the key factors that will impact the decision on civil u~ of NAVSTAR 
Gf?S are operational feasibility in the A rc;,environment; ability to enable general 
aviation and air carr:iers to perform critic;al navigational functiQns now being 
provided by VOR/OME; costs to these users and the government; and the 
i1"9portance of improving navig~tional capabilities to -meet potential future needs. 
:The critical issues related to three. broa~ categories are technical, economic, and 
institutional. 

A. 

1. 

2. 

3. 

4. 

Technical Issues 

NA VST AR GPS signal level and accuracy (~graded mode); 

Operational suitability of Jow-cost, single frequency user equipment; 

Suitability for ,non-precision approach; 

RF interference susceptibility; 
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5. Muttipa!h problems c:karing ~pproach; 

6. Aircraft antenr:aa coverage; 

7. 

8. 

Initial acquisition time ~ ac~sition_!jm~_du_ringJJ.i!l.ltr 

Human factors· of the man/machine interface such as, pilot workload, 
flight technical error, blunder rate, cockpit automation and pilot 
canfidence when performing approaches; 

9. SateJlite c~stellation failure modes detection ang restoration time; 
and 

10. Syst~in integrity. 

B. Economic Issues 

J. Overall user costs and cost recovery; 

2. Operational feasibility of Jow-cost avionics suitable for non-precision 
approa~hes in sing.le pilot aircraft; 

3.-

4. 

C. 

1. 

2. 

Civil/military cost sharing; and 

Implementation plan impacts. 

Institutional Issues 

Availability to the civil/international community; 

System operilt;~ responsibility (U.S. civil, U.S. military, or an 
internationaJ body); and 

3. ICAO acceptance of a new U.S. military weapons delivery system for 
nav~ation. 

1.2.2 LORAN-C Issues 

Although LORAN-C is an OP,er~tionaJ maritime radionavigation system., the FAA's 
experience with the LORAN-C for. air navigation is still limited. The technical 
-issues applicable to NAVSTAR GPS are, to some lesser extent, applicable to 
LO~AN-C. Other areas of concern are its signal error characteristics, suitability 
of low-cost receivers, feasibility of adding the additional stations required for 
redundancy, potential power Une switching interference pr~lems, and potential 
cross dlain·• interference problems. lns~itutional and economic issues applicable to 
NAVSTAR GPS are generally applicable to LORAN-C. 

1.2.3 VOR/DME Issues 

VOR/OME meets the short-range needs of today and the near future at a minimum. 
Until a definitive (post-199.5)· air navigation requirements analysis becomes 
availabJ~, the qtpability of VOR/DME to meet such futur~ requirements 
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•annc>t be fully assessed. Previous R,E&:D performed by the F,AA has demonstrated 
that the acc~racy of the VOR can be improved and the capacity of the DME can be­
increased suffjcicntly to m~t forecasted aviation growth. Thus, the only 
remaining major ~rement that cannot be met is remote area,~ Jow-altitude 
C(?Yer•~~ (due to its line.of-sight radio propagation limitatiq~). 

2.0 FNA RADK>NAVIGATION R,E&D PLAN 

This s~tion presents detailed discussions of the more important R,E&D task 
efforts supporting a 1933 recommendation on the choice of the future 
radionavigation system structure. 

In order to facilitate meaningful evaJuation~and -asse~ment of alternative future 
navigational systems, it is necessary to establi~h a -reference docuffient ·that 
outlines the present navigati~ capabilities ar,d the requirements for the future. 
This is by no means an easy task because many features of the present system· are 
~t documented as explicit requi,rements. (Examples are degree of signal 
processing, system integrity, pilot workload,:~1?lunder protection.) 

The F,._A has preparei-:( \Jlld is revising\ a draft document entitled, "Ctvil Aviation 
Navigation ~equiremEri~,•" This docui/ient presents issues wh!ch, r_equire further 
quantitative analysis and' 'Vhich form the basis for current FAAJ~,f;&:D activities. 
Future navigati~ requirements will ,be, ~vel~ so that cc~djdat'e navigational 
systems can be evaluated within a stahdard·:framework. Figure A-l presents the 
plan for detai.llrtg present navigational~c;:apabilities, determining future ·navigational 
requirements,~ evaluating alternative system structu~s. 

2.1 EXAMINATJQN OF NAVSTAR gPS AS.A·.CANDIDATE SYSTEM 

The overall objective oft~ tasks detailed beJow is,,to determine the potential of 
NAVSTAR GP~ to satisfy the requirements of the civil air navigation. Jhe primary 
considerations· are system performance within the National Airspace=--system and 
costs to general aviation, air carriers and the government. This section 
concentrates on the coupJed iss~, performance and receiver costs. The tasks 
related to the impact of NAVSTAR GPS operating in the ATC environment are 
addre~ed in Section 2.6. 

fn the analysis 9f NAVSTAR GPS ~ormance and receiver costs, four tasks have 
been identified: Analysis ~ Simulations (Section A-2;1.1); Assessment of SigQaJ 
and Noise ~haracteristi~·. (Section A-2.t-.2); Evalua~ion of DOD .NAVSTAR GPS 
Receivers (Section A-2.1~3); ~ . Develqp l!)d; Test Low Cost NAVSTAR GPS 
Gen~raJ Aviation Receiver (Section ,~-2.1.lf). A detailed flow diagram ~wing 
the four tasks and the relar,ed su~la5ks",¥e shown in Figure A-2. 

2.1.l Analysis And Simulations 

The objective of this task is to determine the NAVST AR GPS navigation perf or­
mance through the use of mathematic~ analyses, computer sim.ulations, cockpit 
sirriuJ_ators and· ~ight tests. The work includes the development o:f error models for 
sigl)ar ·~alies and variations, acquisition and reacquisition times, !"Ultipath, 
diffeti~satellite geometries, tracking filters, proc:e~ing delays, ~ flight techni­
cal errors. These models, coupled with DOD's error model of the intentionall_y 
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degraded NAVSTAR GPS signal, in conjwx:tion with cockpit simulations, wUl be 
used to estimate the suitability of NAVSTAR GPS to satisfy the basic accuracy and 
reliability requirements for en route/terminal and approach phas~ of navigation. 
The results will also be used in designing flight ,test experiments. In particular, the 
adequacy of NAVSTAR GPS to support non-precision approaches to· airports and 
maintenance of holding patterns will be addressed. Pilo~• reactions to its use as a 
primary navigation aid will be a~essed during the cockpit simulations. An analysis 
to identify any NAVSTA~ GPS coverage gaps and to evaluate system ~ailure modes 
wiU also be performed. 

2.1.2 fissessment of Signal and ,Noise Characteristics 

The adequacy of NAVSTAR ~PS to support non-precision approaches is a critic~ 
issue since the aircraft will be maneuvering at low altitudes where there is the 
greatest amount of radio frequency interference, muJt~path, and satellite shieldihg 
problems. Therefore, a prime concern is the signal-to-noise ratios that can, ~ 
obtained at low .altit~s, especially with the low-cQSt general aviatj~ type of 
NAVSTAR GPS aritenna c!c receiver. Initial cl!lalysis indicates tl)a.t the performance 
may be marginal. The initial task is to identify the:,.potential problems associated 
with high local interference levels, determine their levels, assess their impact, and 
finally measure the actual interference levels with specific receiver designs. If the 
measurements indicate that the obtainable signal-to-noise ratios is inadequate, 
then a secondary task may be initiated to d~fi~ and assess methods to insure 
adequate signal. 

2.1.3 Evaluation of DOD NAVSTAR GPS Receivers 

The objective of this t~sk is to determine the adequacy .>f the DOD developed 
NAVSTAR GPS receivers: Yset (dual frequency, single channel, C/A and P code) 
and Z set (single frequency, single c;hannel, C/A code only) in the typic~ ATC 
environments, especially in the critical non-precision appr~ch and terminal 
mane.over area. In addition, the worst interference environments (identified' in 
Section A-2.3.2) will be flight tested using those,receivers. 

The U.S. Air Force's N~ VSTAR GP!:i Evaluator (a simulator and test ~uipment at 
Wright-Patterson Air Force Base) or ah FAA laboratory simulator may be used to 
red,':,lce the amount of flight time required, and minimiz~ sateJJite availability 
problems. 

2.1.4 Development and Test of Low Cost NAVSTAR GPS 
General Aviation Receiver 

Another critical issue of NA VSTAR GPS as a primary navigation aid is the cost of 
general aviation ·NAVSTAR ~PS nay_igation sets. At pr~ent, "~ FAA ·estimated 
price for the low-cost NAVSTAR GPS set is about three times that for equivalent 
VOR sets. Therefore, the F-AA is pursuing development of a low-q:>st NA VST AR 
GPS navigation set that will be ~uitabte for low budget general aviation users. In 
addition, a related antenna development is also underway. 

The .final output of thi_s t~sk will be a NAVSTAR GPS navigation set that can 
satisfy the performance requirements of the majority;of general aviation users at 
the lowest possible cost. 
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2.2 EXAMINATION OF LORAN-C AS A CANDIDATE 
AND/OR SUPPLEMENTARY SYSTEM 

LORAN-C is the U.S.. Government-provjded marine radi~~igation system for 
coastal· and confl~ areas. Currently, LOR·~N-C is being evaluated for land 
navigation and position· determining.· The FAA expects inc~asing use of LORAN-{: 
by aviation and-~ deter")ining the suitability ot.LORAN-C bQth as a replacement 
for and supplement to VOR/D"4E. Specifically, the FAA plans· in coordina,ion with 
the U.S. Coast Guard to analyze the signalcand noise characteristic of LORAN-C 
and to ~vetop a low-cost LORAN-C receiver for g~raJ aviation. These two 
tasks ~ the associated ~btasks are shown in,.-Eigure A-.3. 

~ third task, to examine the ATC related issues (e.g., monitori_ng con<.'epts), willbe 
addresed in Section A-2.4. 

2.2.1 Assessment of Signal and N~.b:e Characteristics 

The FAA plans to analy~e t~ suitability of LORAN-C signals 'for air navigation 
using special test equipment and commercially available LORAN-C receivers. 
Both static ground tests and flight tests will be made to assess land/sea transition 
~rors,, cross chain interference errors, short- .and long-term signal stabilities, 
~ignal-to-noise requirements, and conductivity problems. In addition, tes~ will be 
mac:fe in areas where VOR/DME _!:overage is non-existent or unacceptable, i.e., in 
remotr ,mountainous arecw and1in offshore areas. 

2.2.2 DeveJopment and Test of General Aviation Avionics 

As with NA,VSTAR GPS, a key question in using LORAN-Casa replacement for tlle 
present VOR and ,VOR/DME system involves user cost, especially for the general 
aviatiCJ!l user. The present c:ost of a co~mercially available LORAN-C receiver is 
considerably more than that of VOR or VOR/DME equipment. It ·should be 
emphasized that the LORAN-C receiver design features, such as master 
dependency or jndependency, have a significant impact on the number of LORA_N-C' 
ground stations required for redundant coverage. For example, an F ~A study 
esti_,'f\a!ed that 1.3 additional ground stations would be required for master 
independent receiver features whereas 16 additional ground stations would be 
reql:lired for m~er dependent receiv~s. Hen~, it is important to define LORAN­
C receiver features t~t would minimize joint user and govemmen~ costs. In two 
related tasks, the FAA will ~eveloP. a LQRAN-C sig~ simu!ator to aid in 
equip:-nP.nt design evaluation and a low:..Cost, low-noise antenna. 

2!'3 EXAMINATION OF MODERNIZED V9R/DME AS 
A CANDIDATE SYSTEM • 

The modernized VOR/DME system is a s~rong candidate for the future navigation 
system because of the large user investment. It is the current international 
stan~ard air navigation system, all4 tthe basic general aviation (GA) VOR re.:eiver is 
low-cost. There is a need to determine whether the VOR/DME system can satisfy. 
the air navigation ~equirements• into 199.5 an~ beyond, in conjunction with 
NAVSTAR GPS, LORAN-C and/or OMEGA. 
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2.3.l Impact of Modernization on Operation and Maintenance Costs 

T~ god of th!! modernized VOR/D!-1~ system is to increase maintenance techni­
cian productivity by using high,reJia6iJity eqwpmient, remote maintenance monitor­
ing, and facility ce.rtification. Economic analysis indicates that modernization wiU 
lead to at least a 50,per~nt decrease in OctM costs. The tasks include supporting 
the operation services to fmpJement the new modernized VOR/r;;- IE. 

2.).2 Future Growth Potential 

A significant percentage of the present VOR's are currently .restricted by poor 
signal qual~ty due to multipath efforts. There is a ne~ to 1e'termine the signal 
coverage and. propagation anomaly problems if a greater portion of the VOR 
service volume is to be utilized in -support of increased traffic and RNAV 
requirein~nts. Part ~f the activity will include a VOR propagation model, which 
-.ill be verified and calibrated by flight tests. This model will be used to assist in 
the siti~g ~ysis and ~yelopment of optimum siting criteria. A related task is 
the stooy of future DME capacity requirements, fal_se lock-on problems, and 
accuracy enhancements. 

2.4 IMPACT ON A re OF NEW NAVIGATION SYSTEMS 

This section emphasizes the point that the navigation system is a part of the 
overaU Air Traffic Control (A TC) system and every alternative system has to be 
e\i.~u1ted with .respect to what impact •it will have on the A TC system. 

2.4.J Are~ Navigatioo 

Current alternatives to VO~/DME operate only as RNAV systems. Present 
experience has shown that RNAV systemr. tend to cause increased pilot worklo~d 
and biunder errors. In addition, t~re is no stundard for specifying system 
integrity. 

A. Pilot Workload 

The key human factor consideration for general aviation is the workloaci fct single 
pilot operations. Today, many users nominally have a single VOR set and operation 
of the equipment is simple and essentially blunder free; station and course 
selection are the two actions required. This simplicity of operatio., minimizes- the 
pilot's workload and helps prevent blunders. The workload for single pilot 
operations would be evaluated for the low•cost NA VSTAR GPS ana .lORAN-C 
receivers and woula be compared with VOR and VOR/DME-RNAV operations. 

8. Blunder Errors 

Navigation information that is directly tied to the desired flight path frame of 
reference is available when flying VOR radial routes. This point source of 
informatior. includes a transmitted station identification which informs the pilot 
that he is tuned to the desired ground ~tation and is flying the desired route. In 
RNAV, the pilot has to be able to ~ri_t_er waypoints. In this case, a suitable method 
for detecting erroneous entries needs to be incorporated. NAVSTAR GPS and 
LORAN-C are inherently RNAV systems, candidate avionics will be thoroughly 
evaluated for blunder rate and blunder detection. 
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c. lnte.grity 

Every candidate system must have automatic fail-safe modes Jike those which are 
inherent to VOR/DME. 

2.4.2 Dual Navigation System Operation 
During Transition 

If the FAA selects LORAN-C or NAVSTAR GPS rather than VOR/DME as the 
system of the future, two systems would be operating together during the 
transition period of 10 to 15 years. The issue to be resolved concerns how to insure 
that the user of either or both systems wilf- navigate safely in the, NAS. 

2.4.3 Notic.es to Airmen (NOTAM) System Development 

Today's VOR/DME system has an on-line, near-field monitor to ,ensure signal 
reliability. If the signal goes out of tolerance 1the system is shut down 
automatically or manually from the Flight Service Stations. The f ,AA issues 
NOT,\M's when a facility is shut down. With LORAN-C or NAVSTAR GPS, the 
systems would most likely be operated by agencies other than the,'FAA. These 
systems .cannot be shut off when the signals are not acceptable for aviation but 
are for marine users. A NOTAM system (the monitors) will have to be developed to 
encompass this situation. 

2.4.4 Flight Inspection System Developrr.ent 

The FAA periodically carries out fiight jnspections of the VOR/DME system to 
insure that errors stay within specified bounds. An analysis set of procedures and 
standc1rds will have to be developed al'ld assessed for candidate navigation systems. 

2.5 CIVIL AIR NAVIGATION SYSTEM ECONOMIC ANALYSIS 

The overaJJ economic analysis of alternative systems and system mixes is a critical 
part of the system selection process. For ex3mple, the civiJ user community is 
extremely concerned with overall cost and benefit trade-offs. Many factors enter 
into the economic equation and need e'laluation. To trus end, the FAA will use an 
economic model capable of evaluating costs and benefits, 

2.5.1 Model Development 

A computer model for evaluating costs to the FAA and the civil aviation user has 
been developed. Costs estimates have been obtained as a function of duration ~f 
transition period (to new systems), types of systems used and user capabilities. 
Cost breakdowns were obtained for the various users by aircraft type, geographic 
region and so:'flistication of avionics. The model is currently being expanded to 
include benefits. 

2.5.2 Model lnputs 

Model inputs are constantly being refined based 1.4>on the outputs of related FAA 
tasks, avionics cost estimation, relationship between production quality and price, 
and impacts of future technology on costs. 
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;:.e; FA'A DECISIONS AND RECOMMENDATIONS TO DOT 

The tasks described in this document have to be completed by mid-1982 so that 
the FAA can forward its recommendations on the future navigation system mix to 
DOT by 1983. The FAA recommendations will be based upon a thorough evaluation 
of performance, cost, arid safety. 

3.0 FAA RADJONAVIGATION R,E&D PROGRAM SCHEDULE 

The FAA R,E&D program schedule is presented in Figure A-4. The proposed plans 
are dependent upon resource decf. !OOS. 

4.0 RELA TEO CRITICAL ISSUES 

In addition fo the1tech'ni<;~l and economic iss~s that are being resolved ~y the FAA 
R,E&D program, there exists oth~r critical iss~s which ·•~lust be addre~ed and 
resolved~ These so-caJled institutional issues will arise if the U.S. recommends 
that VOR/DME be replaced. The issues are: 

L. Would the system be controllec! by one ICAO member state (the U.S. 
in the case of NAVST AR GPS) or an international body? 

2. What guarantees would there be of signal availability in times of 
stress? 

3. To what t:xtent would· international bodies, and bodies r~Jated to 
different transportation modes, -partkipate in the development of 
Standards and Recommended Practices (SARPS) re!ated to signal 
formats, procedures and documentation? 

4. How, and to what extent, would initial costs be. recovered and 
ongoing costs be shared? 

5. Should the U.S. unilaterally adopt a new navigation system if it is 
cost-effectjve for domestic use but not supported by ICAO? In this 
case the U;S. would also still have to support the ICAO stan~ard 
system to the extent nece·ssary to meet its international 
commitments. The U.S. is required by JCAO agreement to operate 
VOR/DMf- for International Air Operations until 198.5. It is expected 
that the ~greement will be extended until 199.5. 

REFERENCES~ 

m Evaluation of LORAN-C for Domestic Air Navigation (MTR-7180), October 
1976, by the MITRE Corporation. 

(2) Economic and Performance Analyses of the Second Generation VOR TAC 
(MTR-7140), March 1976, by the MITRE Corporation. 
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APPENDIX B 

USCG MARINE NAVIGATION R,E&D P~OGRAMS 

1.0 INTRODUCTION 

This appendix describes the R,E&D activities of the U.S. Coast Guard for 
radionavi~ation sy,stems. For the purpose of identification and to delineate 
prqgram information which 'Yill accompany budget reque~s~ the activities ve 
divided into two groups: 

A. Harbor and Ha!'bor ApProach R,E&D 

These activities involve six programs to assess future use of i.he LORAN-C system 
for Harbor Approach and Harbor navigation and one program to evaluate the 
ship-bo~d display of navigation information. The LORf•N-C ,progr~ms involve 
propagation research, signal analysis, the evaluation of s~rvey (echniques, the 
development of survey methods and procedures, and an overall project to 
demonstrate precision LORAN-C ~ ,vigation. 

B. NA VST AR GPS ApPlications R,E&D 

This progr~rn wiU assess NAVSTAR GPS applications to marine navigation. It 
involves extensive signal simulations and field tests to compare the performance of 
NAVSTAR GPS with LORAN-C, OMEGA, and TRANSIT. 

1.1 R,E&D P.ROGRAM OVERVIEW 

This document sets forth Coast Guard R,E&D program plans over the near term 
(.5years) in the marine radionavig~ti~n area. The programs represent an integrated 
attempt to address existing shortfalls in marine radionavigation, t9 capitalize on 
new technology as it becomes available, and to foster an economical and effective 
provision of general-purpose navigation services to the multimodal U.S. military 
and civil community. Particular emphasis is being given to satisfaction of the only 
major, currently identified, unf ulf iUed requirement, that of an all-weather, contin­
uous, precise navigation •capability for the Harbor Ai>nroach and Harbor regions of 
the United States to supplement the primary short-range aids to navigation system .. 
New technologies may aUow unmet requirements to be satisfied, or may reduce 
costs for both the Government and the user community. NAVSTAR GPS is an 
example of a promising application., of new technology that is being .evaluat¢, 
although its usefulness will depend ultilmately upon both the user costs and ,policy 
restrictions on the availability of its full capabilities, as well as its technical 
performance. When cot4>Jed with study of various operational, economic and 
ins,itutional questions, the results of the R,E&D should furnish an essential data 
base needed to sustain inf oro,ed national judgments on the optimal mix of 
radionavigation systems nee<;Jed t9 satisfy future multimodal ~vigation 
requirements in the most economical manner. 

Just as marine navigation· systems are component elements of a l~rger marine 
safety system, these activities are a derivative of a broader Coa~t Guar~ effort in 
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support of the.general goaf of enhancement of marine safety. 

2.0 RELATIONSHIP TO PHASESOF'MARINE NAVIGATION 

This section describes the relationship of the U.~. Coast Guard R,E&D activities to 
the five phases of marine navigation defi~ in Volume pr. The activitits are built 
mainly around response! to the shortf aU in the Harbor Approach and Harbor phases 
of flilVigatian within the United States. Additionally, where new technology is 
available (s~ as NAVST1'R CPS) that may ioffer improved performance in other 
phases; it is being evaluated. In this respect, NAVSTAR GPS offers potential for 
all five phases of marine navigation, and is betng examined from that perspective .. 
Considering each pha~ individually, the R,E&D activities are summarized as 
foUows; 

2.i- OCEAN NAVIGATION 

The OMEG-:'.c.:~vigation system is expected to satisfy, or nearly satisfy, minimum 
req':lirements 'f'-'! safe navigation and reasonable economic efficiency in tt'!e ocean 
region. An ongoing validation pr(?gram will provide information on any.coverage or 
accuracy shortfalls. TRANSIT provides some-benefits not available from OMEGA. 
N,.though the, intaval between TRANSIT fixes is sometimes longer than the 
specified two-hour ·requirement, its much greater inherent accuracy.- makes the 
cumulative,error in navigation between fixes lower, generally, than that obtainable 
with OMEGA. Given the satisfac~ion of minimum requirements by these two 
systems9 no R,E&O .is planned specifically for the ocean phase of marine 
navigation, NAVSTAR GPS, if implemented, could'be expected "to replace OMEGA 
and TRANSIT, in virtually aU oceanic uses. 

2.2 COASTAL :;NAVIGATION 

The i.ORAN-C and radio-beacon syst~ms meet all minimum safety r~quirements 
and maximize special user beneiits. Radio beacons provide the primary navigation 
servi~e to many smaller craft in the ~stnl area, and essential medium-accuracy 
position fixing a~ homing services to aJJ,,.JSers. No R,E&D is planned specifically 
for coastal navigation.. Some improvem~nts to 1he stability and accuracy of 
LORAN-:-C service in the coastal area rri~Y. flow from R,E&D in the Harbor 
Approach and' Harbor navigation phases. NA VSTAR GPS, if 4J}p1emented, should 
satisfy minimum safety of navigation requii'e!fl~-nts for coastal navigation, and the 
Coast Guard's etaluation of NAVSTAR GPS wH} provide the basis for receiver 
~rformance standards needed to support prospective regulatory requirements. 

2.3 HARBOR APPROACH AND HARBOR NAVIGATION 

The existing system of short-range audiovisual aids to navigation, supplemented by 
the use of radar, is oo~w and will remain the primary system for ', , :-e phases of 
navigation. However, the safety and e~peditious movement of mar1 .. ie traffic is 
impaired at times by low visibility, which interferes with the use ~f visual aids, and 
by ice cover, which requires the removal or reduction in number of floating aids to 
navigation in some areas in winter. While the use of ship-borne radar to 
suppJement visual piloting provides some _compensation for the impairment of the 
services of visual aids, it alone is not accurate enough over many wide coverage 
areas .to reduce the risk to an acceptable level. An all-weather, precise navigation 
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capability is needed as a supplement to short-rang~. aids to navigation in these 
areas. No existing r.idionavigation sy.stem· meets the sr,ecif ied accuracy require­
m~ts, which themselves cannot be stated as uniform standards throughout the 
Uni~ States. A combination of an area- navigation system (like LORAN-C or 
NA VST AR CPS} plus shoreside transponders workirlgt with ship-borne radars is 
likely to offer the best potential for the future. However, as.sum~_ng that precision 
accuracy can be obtained, there is a further neect-·,o develop a means for processing 
and, dis~Jaying the navigation information so that it is most useful for real-time 
guidance of the<ship's COMinJ officer. 

2.4 INJ;ANO· W ATERW ~ Y NA VIG A TJON 

Vast amounts of commerce ·move on the Unit~ States Inland Waterway .<iystem, 
much of it in slow-moving, low-powered tug ·an!! barge combinations. Tows on the 
inland waterways, although comparatively shallow in draft, may be longer and 
wider than large seagoing ships which caU at U.S. ports. Navigable channels used 
by this 'inland traffic of ten are narrower. than the harbor-access channels used by 
large ships. Restricted visibility ana .ice cover present problems in inland 
water:w~y navigation, as they do ·in !Harbc;,r Approach and jiarbor navigation. The 
long, ribbon-like nature- of the typical inland waterway presents special problems to 
t~' prospective use of land-based area systems for precise navigation. The 
contfra.tal movement <?_f ,t~ navigable channels in some unstable waterways creates 
additional problems in the use of any radionavigation system which provides 
positio., measurements in a fixed COQ.rdinate system. The prol::iabl~ consequences o:( 
a grou!l<fing in inland waterway navigation, and thus the overall level of ri~, are 
somewhat lower than for large, s~~oing ships in restricted waters. 

The requirement for extensive R,E&D combined with less apparent risk, at least in 
the short term, has left inland waterway navigation lowest in priority for the 
d<ivelopme_nt of a radionavigation capability (other than ship-board radar). 
Requirements, which would hr.· aerived from the consideration of practically 
acl'!Jevable performance ~ e~~ted benefits, have not yet been defined. 
f-Jowever, iR,E&D in Harbor and Harbor Approach navigation with LORAN-C ,and 
NAVSTAR GPS is expected .to produce results which will support future programs 
to a~ess their application to inland waterway navigation. 

3.0 LORAN-C R,E&D 

Modern radionavigation technology offers a potential for supplementing visual 
piloting in restricted waters, and for replacing it as the prima!Y method of 
;lavigation in poor visibility and in ice-covered waiers. To be of general usefulness 
for the navigation of large ships in restricted waters, a radior,avigation system 
must pro'!ide very accurate positions at very short intervals. Tq be sufficient as a 
primary or sole m~thod of navjgation for J~rge ships, the complete navigation 
system must automatically process radtonavigation signals and other supplementary 
inf ormati~ obtained, cl$ necessary a1'd practicable, from OJJ-board instruments. It 
must calculate and display the present position and directional guidanc;e informa­
tion sufficient in quantity, quality, and form to permit the navigator to direct the 
mQvem~nt of the ship safely through straight and winding channels and around 
sharp turns, as necessary to conform to the ~onfiguration of the waterway. 
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/JI of the project activities described in this section relate to the development of 
LORAN-C to satisfy ~~ above g91)s. This phase ~f navigation is the leading area 
of operatj~ c~edt because no existing or planned radionavigation ~ystem 
appears capable of meeting the stringent accuracy requirements without further 
development. However, LORAN-C provides the opportunity t.Q achieve this goal, 
at least• in part, through its basic accuracy and relatively good· stability, com~ined 
with precise s~rveying of harbor areas. No new basic research or technological 
breakthrough is required, but rather the-development of more detailed knowledge 
of the stability and the -maximum obtainable accuracy of LORAN-C. ~AVSTAR 
GPS may provide sup~ior inherent accuracy in general. National security 
consi~erations, however, are expected to resulJ in some restriction on the accuracy 
of NAVSTAR GPS service that will be available for gen,eral use by civil navigators. 
Ne'iertheless, a full appraisaj of the inherent capability of NAVSTAR GPS to serve 
civil navigati011 is a nece~ary input to an informed natio~ decision on the 
specific limitation ·which may be imposed on NA VSTAR GPS accuracy. 

To be usefu!•-in. the harbor area, LORAN.:'C must be accurate, precise, and stable. 
~ inh~rent accuracy of the existing wide-area, LORAN-C system may be 
sufficient in some areas. Where it iis not, local area augmentation (e.g., mini­
chaining or low-powered-s~ondary stations) may be necessary lo overcome range 
and geometric · limits. If LORA'N-C wide area grid ~tability is insufficient, local 
area monjtoring at fixed sites may be necessary, coupled with dissemination to 
local use; .... of corrections to apply to the time differ~nce readings they measure on 
their vessels (Differential LORAN-C). Application of these techniques is being 
investigated through the R,E&D progtam. Actual operational implemeiltation ,of 
any -differential• service or local augmentation of the wide-area signals in a given 
geographic area would be based on cost-benefit analysis, accounting for facitors 
such ~ t~ and volumes of marine traffic, risk to commerce, the environment, 
and the public. 

Assuming suita61e stability and accuracy is achieved, it would then be necessary to 
~rvey the local area LORAN-C coverage. This consist~ of establishing the true 
geographic coordinates of all channel boundaries, shoreline, waypoirits, fixed and 
fJoating aids to navigation, and ,other vital navigational parameters in terms of the 
"electronic coordinates" (i.e., precise LORAN-C time difference readings) that a 
vessel's equipment will use. This c.;oordinate conversion defines a .common frame of 
referenc::e (electronic and geographic) between the user's equipment-derived posi­
tion and the true position of the ship in the water, effectively removing charting 
err(?JS t~t limit the ultimate potential of radionavigation and visual navigation 
today. 

Lastly, 1he inteffaCe between the human pilot and the navigation system must be 
~onsidered to al~ow optimum 4-,;e of the availal>Je navigation informatfo='. l~.r vessel 
conning. In ocean and coastal navigation, manual plotting ."' fix information 
followed by adjustment to ·vessel course is satisfactory. This prqcess may be 
automa!ed for convenience or efiiciency, but automation is not essential to safety. 
In ,the Harbor Approach and Harbor phases, real-time guidance is needed. The 
quantity, quality, and form.~t of that guidance information is being investigated. A 
separate project seeks to develop the relationship between the quantity and quality 
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of guidance information and :9ilot's consequent ability to navigate safely. This will 
.provide the foundation for designing or specifying ship-board, guidance systems. 
'R,E&D efforts are ,directed to the development of a graphics/digital display that 
might be useful with any navigation sensor or navigation processor. The display 
wiU enable the navigator to R'!ake the most effective use of all ~rces of 
navigation information-and help him. Jollow. a safe track within the narrow margin 
o, safety that is available to him in a restricted w~terway. BecaUS<: it has 
potential application to the use of any naviga~ion system, this work is described 
separately from LORAN-C iri section 8.3.2. Figure B-1 summarizes the 
radionavigation R,E&O activities of the Coast Guard, except for those related 
soJeJy to the NA VSTAR GPS application studies. 

Jhe- following sections describe the objectives, background, and· technical 
approaches for the eight R,E&D programs being conducted- by the , U.S._ Coast 
Guard. Event flow diagrams showing- the tasks ·an4 schedules for each of these 
programs are inch.1~ed. 

3.1 LORAN-C PROPAGATION RESEARCH 

The objectiv~ of this program ~re two-fold: (-') Tc;>• perform research of the 
properties of LORAN-C propagation; and (2) to dev~lop a propagation m~odel for 
the evaluation of methods to improve LORAN-C grid stabilities and reduce the 
costs of taking signal surveys. This program -will draw heavily on the results of 
LORAN-Cl: signal analysis-, survey evaluations, and techniques. for enhancing. servi-
ces. (See Sections 8.3.2 through .3.4.) -

3.1 .1 Background 

LORAN-C operation can be extended to uses in the much more stringent Harbor 
Approach and Harbor regions if the coverage can ~ predicted or surveyed with 
h.igh precision and the quality of coverage ascertained. Presently, coverage must 
be determined by surveying. 'l'hlle it may never be possible to determine c;.overage 
entirely by prediction, it can be used to assist in making more efficient and hence, 
Jess costly surveys. Use of LORAN-C (n the Harbor Approach and Harbor ~~eas 
also requires knowledge of temporal ,instabilities in the cove:-age grid. Thi.s project 
pJan delineates the U.S. Coast Guard effort in,propagation rese~arch and builds upon 
the information base provided ~y ~rt verification surveys, the LORAN-C Signal 
Analysis project, and the studies of-,tlie St. Marys River mini-chain. 

3.1.2 Technical Approach 

To extract the inherent accuracy of the LORAN-C system through ~ improved 
understanding of the bounding physical el-=ments as determined 1hrough improved 
analysis, model development, testing and verification. This program is summarized 
in Figure B-2 and involves the following six pr_oject elements: 

A. LORAN-C Calibration 

An e111pirical force-fit grid distortion method was dcvise.9 in an attempt to 
calibrate tlae St. Marys,,River mini-chain using predict.ion. Thi~ rne~hod did not 
prove to be accurate enough for precision navigationdri the severe St.,. •Marys River 
situation, bu_t Joes appear to -have promise in improving the quality of prediction 
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for the coastal region. Tl:lis project wHt attempt to use the force-fit method with 
actual time difference data collected on the southern U.S. Wesi Coast. This 
project, whlch is presently being negotiated with the•contractor who devc,Joped the 
technique, is being managed by the Coast Guard R&:D Center. 

B. LORAN-C Propagation Analysis and Conductivity Measurement 

Since LORAN-C propagation depends upon ground conductivity (or surface 
impedance), accurate LORAN-C prediction requires knowledge of this parameter. 
This project eJement invest~ates various techniques for directly measuring ground 
impedance. • 

c. LORAN-C Study Of Temporal/Weather Effects 

Use of LORAN-C as a precision radio ai<1 to navigation in restricted waters 
~pends upon the stabHity of the time difference grid. One factor affecting 
strongly the stability of this grid is the weather. LORAN-C propagation is 
affe<.:ted by the ground impedance and the atmospheric refractive index, and 
weather can affect both of these parameters. At the present ~here is little 
knowledge or •the magnitudes and durations of these weather-induced temporal 
variations. A project wiU provide the theoretical bounds upon these variations for 
Wpical propagation paths. Knowledge of the duratioos, extent, and magnitude of 
time shifts due to weather changes is important for determining the practicality, 
need, and information rate for Differential LORAN-C. A project wilt verify the 
theory and provide a means of predicting or anticipating temporal effects due to 
weather. 

D. Study of ECD 

Use of LORAN-C as a precision radionavigation system is dependent upon 
knowledge that the Envelope-to-Cycle Difference (ECD) is within reasonable 
bounds. This is par~ of the chain control problem. The ECO study will -attempt to 
predict the behavior of the far-f ieJd ECD from near-field ECD measurements using 
the transient solution to the integral equation .propagation model. 

E. New Pro ation Model for Land-Sea Terrain 
Variation Effect 

The integral equation propagation model, which is considered to be the best 
available method for LORAN-C propagation prediction, is not adequate for 
predicting Time Difference (TD) or Time of Arrival (TOA) in the vicinity of a Jar.d­
sea boundary or in places where the conductivity along a propagation path changes 
rapidly. It is therfore desirable to develop another mode~ for this purpose. Since 
this propagation problem is mathematically difficult, as a first step a simple model 
which does not account for weather effects wm be considered. This model wi.JJ 
then be validated using collected data during FY-82. If this effort is successful, 
the model will be modified to include weather parameters and then will be 
validated against field test data. 
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F, Skywave Interference Effect ir. Northern ·Latitudes 

The LORAN-C system is stable over Jong ranges because it uses only the 
groundwave portion of the signal_. Since the skywaves travel a longer propagation 
path, they are sufficiently del~yed to permit use of the beginning of the 
groundwave pulse leading edge. In the northern· ~atitudes during solar disturbances, 
the ionosphe're 'is depreS!.ed significantly with an attendant shortening of the 
skywave delay. This causes coritamination of the usually skywave-free measure­
ments. While the effects of skywave contamination are significal)t in the coastal 
region, they can be catastrophic in the Harbor Approach and Harbor region. This 
project, to commence in FY -82, will attempt to determine quantitative relation­
sh.ips between the solar events and t~ reduction of the .sl<ywave delay. This will 
help to provide a strategy for overcoming these effects. 

3.2 LORAN-C SIGNAL ANAL YSJS 

The objective of thi~ program is to analyze p"racti~al methods for improving 
LORAN-C grid. stabilities for the Harbor and Harbor Approa~ phases of marine 
navigation. The analysis w~U examine methQds for augmenting LORAN-C with 
local miili-chains, low-powered secondary staticns, or differential monitors in order 
to realize a precision capability in specific opera~ing areas. The program event 
flow is summarized in Figure B-3. 

It is noted that the propagation medium is the great uncontrolled varjable in the 
LORAN-C system, and is the main source of error in calibration and surveying and 
the main cause of instability with time. An improved understanding .:,f propagation 
prediction techniques will reduce the amount of data needed to perform survey, 
thereby permitting mor~ economical, timely, ancf accurate surveys and 
calibrations. Knowledge of the temporal weather variations .is essential if the need 
for Differential LORAN-C is to be established rationally. This !<nowJedge is also 
essential for providing cost-effective processes for LORAN-C chain control. 

3.2.1 Background 

Seveial sets of Data Collection System (DCS) equipment have been developed 
previously for collecting LORAN-C information from both the West Coast Chain 
and the St. Marys River Mini-Chain. The Coast Guard R&:p Center is d~veloping a 
monitor system consisting of a DCS plus additional hardware and software to allow 
remote dial-up telephone access to the LORAN-C information. Eight of these 
systems with the additional hardware and software capabiJities will be deployed 
during FY -79 and FY-80 for collecting St. Marys River mini-chain data. These 
systems are identified as Harbor Monitoring Systems (HMS). 

3.2.2 Technical Approach 

The technical approach to this project involves two tasks. These are indicated in 
Figure B-3 and are described as foUows: 
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A. LORAN-C Signal Analysis 

A large amount of data on the West Coast LORAN-C chain was collected under the 
signal analysis project. The work remaining on this project is to pro'!ide plots of 
the remaining usential data and publish a final report. 

8. Harbor Monitoring~Program 

This project calls for development, fabrication and ~ptoyment of the eight Harbor 
Monitor Systems (HMS) in FY-80 to col!ect LORAN-C stability data .in the Harbor 
Appr~ch and Harbor environment. The HMS data, consisting of one-hour average 
ID's collected twice daily, will be gathered periodically by phone Jine access from 
a central location. These data will be analyzed to determine the temporal stability 
of the TD grid in each area st¢ied. Two mOflitoring sites shoulr.· be sufficient to 
characterize the stability in most harbor regions. New York and S~n Francisco Bay 
are two of the early del!)onst_iatioo harbors. Data collection should begin in the 
summer of l 980. 

It is noted that although this prC?ject is based upon existing technology, more 
elaborate data collection techniques may be required in FY-81. The program will 
characterize the quality of Harbor Approach and Harbor positioning available from 
LO1B.AN-C throughout the U.S. This characterization is essential to the decision to 
recommend LORAN:.C as an all-weather aid to navigation. Where enhance~ent of 
existing LORAN-C coverage may be necessary to realize a precise navigation 
capability in some harbor areas, this program provides a methodology to determine 
which areas require enhancement. 

3.3 TRACKLINE SURVEY TECHNIQUES 

The objective of this project is to dev~Jop a co~t-effective met~ology to <!escribe 
aca1rately tracklines within harbor areas in terms of repe~table LORAN-C 
coordinates and to measure the degree of grid warpage near a track:!~. 

3.3. 1 Background 

ln the Harbor Approach and Harbor regions, operators of vessel_s do not have time 
to in~erpret LORAN time difference numbers, but, require a ,pictorial display of 
their navigation sit~tion. User equipment is being ~u~Joped under another 
proje!.:t (see Section 3.1) to provide this display based on LORAN-C signals. Some 
means of relating the CORAN readings to an actual position is ~ssential. Tests on 
the St. Marys River have demonstrated0 Jhat prediction techniques are -pres~tly 
inadequate for the accuracy required in ·the Harbor: Approach ~d Harbor region. 
This means that the relationship between actual position and LORAN,,readings will 
have to be measured (at least at key points). The trackline survey methodology and 
system being developed under this ,project are the means of establishing this 
relationship. 
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3 . .3.2 TechnicaJ Approach 

The approach in this program is summarized in Figure M and involves the difficult 
problem of i_dentif ying survey information as was learned in (t_he St. Marys River 
program. Marine TD survey involves determining the exact positi~ of a survey 
vessel with simultaneous observations of TDs. One technique, applicable to many 
harbors, is to site a precision short-range survey system at known terrestrial 
markers and then observe TOs at the measured vessel location. TIie pcactical 
problems involved using this technique are solvable. The vesseJ is unavoidably 
moving and the LORAN-C receiver introduces dynamic errors· into the TDs. The 
near-term program will develop an integrated system to deal with this using 
Kalman filters' to remove such TO dynamics, assist: the operator in locating the 
vessel using the precision positioning system, and compote measurement errors. 
This automatic Time Difference survey System (TOSS) can be moved through any 
region and provide optimum estimates of TDs versus Lat/Long with known 
estimates of the errors. 

The St. Marys River. proved to be intractable with this approach to m survey 
because it w~s usually not possible to site the precision transpo~rs with line-of­
sight view of the vessel, or to determine the location of the sites that could be 
used. The river current and con~~ual tr¥fic made actual stopping and visual 
positioning impossible, except fc;,r ·a 1brief period during the spring breakup when the 
survey vessel was wedged !n the ice and accurate survey points determined. The 
user eq,Jipment did socc-eed ultimately in presenting precise information to the 
navigator, but the conversion data was deterf!lined in a largely adhoc manner by 
repeated ruming of the channel and adjustment of the conversion table until 
reality and display agreed. WhiJe this approach is inefficient and technicaJly 
unsophistica.te,:!, it does work and can be used in difficult situations. A possible 
solution to- the ~t. Marys dilemma lies in airborne use of -survey-gra~ inertial 
systems. Working from a known marker, a helicopter can navigate ·10 one--or-two 
meter accuracy for short periods from the inertial system alone, thus providing 
exact Lat/Long location input to be matched with the receiver's TD observations. 
Again, dynamic combination of both systems can be made for improved TD 
accuracy with error-estimation techniques. 

Both of the above ~pproaches relate lORAN-C data to a geod_etic cQOrdinate 
system. Unfortunately there are a large number of visual ,aids to navig~tion in 
channels and shorelines which have not been surveyed accurately in common 
geodetic coordinate system. A third technique, which uses the same survey 
LORAN•C and c~~ulating equipment, can be used to relate LORAN-C time 
differences to a point at the intersection of two visual navigation ranges. This 
t~chnique takes advantage of the fact that aU points in a visual range lie in a 
straight line and LORAN-C time differences taken at same points will also lie in a 
straight line in LORAN-C coordinates if the region of interest is small enough. 
Statistical techniques can be used to describe the LORAN-C coordinates of two 
such range lines and determine the time difference at their intersection to the 
desired degree of accuracy. The&e techniques greatly expand the possibilities for 
LORAN•C harbor approach and inland waterways use and are the basis for possi~le 
future use of equipment calibrated by its own user. The -near-term program wiH 
explore this concept further with the goal of establishing three possible TD survey 
methods within the next two years wh'ich are: 
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A. Ad hoc or visual, used in areas of difficult terrain with narrow 
chamels which have a high density of vi~ fixed markers. 

B. Standard marine, used in relatively open areas with a microwave 
precision system as reference, integrated processing aboard the 
vessel, and the ability to move continuously over the desired 
tradcJine. 

C. Airborne, used in any area by dei:ermining present position as a 
precise directional ra.,ge (DR) from· a known start point. l'ith 
intet:.":ated processing, the method can be used to move coptinuously 
over a trackline, or to hover at any fixed waypoint prescr,ibed in the 
DR coordina~ frame. • 

Specific tasks for each Fiscal Year from FY-79 to FY-82 are outlined as follows: 

a. FY-79 

(I) Evaluate airborne/inertial system. 
(2) Design and fabricate a marine data coJlection system. 
(3) Evaluate visual survey techniques. 

b. FY-80 

(I) Perform/test airborne surveys. 
(2) Perform/test marine data collection system. 

c. FY-11-12 

Define Harbor Approach and Harbor trackliile survey 
methodoJogy 

It is noted that this program will require filter refinements, statistical aJgorittvn~, 
an improved knowledge of positions of navigation features in geographic coordiJl?.ie 
system, and the use of visual survey techniques. The project provides a c~t­
effective methodology to define waypoints and trackpoints for mari~ navigator 
user tapes ·and expands the possible number of LORAN-C Harbor A~;>roach and 
Hart>or use areas. 

3,4 TE~ti;.UQUES FOR ENHANCING LORAN-C SERVICE 

The objective of trus program is to develop and evaluate operating procedures, 
techniques, and equipment to enhance LORAN-C chain coverage for precision 
navigation in the Harbor Approach and Harbor areas of the U.S. Coastal areas. 
This program will use the results ot the LORAN-C signal analysis and track-line 
survey projects (described previously in Sections 8.3.2 Md 8.3.3). 

3.4.1 Background 

Several techniques have been advanced to enhance LORAN-C chain coverage and 
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to ?f'OV~ the sig~ necessary for preci..~ion navigation~in res~icted and heaviJy 
congest~ waterways. Among toose techniques are mini-d.ains, differential 
tecmiq~, and suppL"fflental low-powered secondary stations. 

3 .•• 2 Technical Approach 

This program is illustrated in Figure 8-S and invoJves four tasks: 

A. Mini-Chain Support 

The Coast Cuard has installed a four-station "Mini-Chain"· to provide LORAN.C 
coverage of the St. Marys River. The c;:hain has been 91)ef'ated by Coast Guard 
personnel ,during FY-76, FY -77, and FY -78 to _permit evaluation of user equjpment. 
However, in the course of data collection over the en'dre service area ~ing FY -
71, large temporal instabilities were recorded that wouJd, if true, render 'LORAN.C 
unusable for precision navigation on the St. Marys River. It is believed these 
instabilities are tl,e ~suit of the equiprrient and procedures used to coJlect t,he 
data, and, are not endemic to the mini-chain. The Coast Cuard is preset)tly 
instrumenting a 2tailed program to verify and quantify tf'IP- s,ability of the mini­
chain grid. It is also recognized that both the electronic equipment used ~y the 
mini-chain and the operating staff are inadequate for an operational system. 
Before starting the grid stabiJity st~y, the Coast Cuard will make modest 
improvements to the monitor and control equipment, and will augment the manning 
structure at the mini-chain. 

B. Mir1i-Chain Evaluation 

Three monltoring sites; in addition to the System Area Monitor (SAM), have ~n 
established along the St. Marys ~iver to evaluate the stability of the mini-chain. 
Twice daiJy samples from the~monitor and transmitter sites will be evaluated in an 
on-going process to characterize the quality of chain coverage and to help 
deter 'nine the ~uses of temporal instabilities as soon as.they occur. Detailed data 
analysis will be macle fo~ those times when the samples indicate that it may be 
fruitfuJ. 

C. Differential LORAN.C Evaluation 

While the mini-chain approach looks promising, s~veral other techniques are being 
considered to augment the coverage available from existing large-scale LORAN-C 
chains. Differential LORAN-C was first explored in the Delaware Bay study of 
197.3 as a m~ans of removing the effec~ of temporaJ instability. It showed that· 
improved ~cooracy can be ~chieved at distances of at least 100 kilometers by the 
use of differential techniques. 

D. Supplemental LO_~ Techniques 

A technique to ~al with a weak l,ORAN-C coverag, .:lue to low signal level, poor 
crossing angle, or tempor~I instabi~ity is to add ~ or more low-power stations in a 
local area~ Adding only one station to the basic long-baseline chain is aJw~ays 
preferable to a more involved approach, but its improvement is totally con~roJJed 
by geometry; i.e., 'the locati~n of the geographical ar~a with respect to the master 
LORAN-C ~tation. A more complex ~t'l)roach, but of the greatest impact and 
fJexibility, is to-add both a master and secondary mini-station and ~nee provide a 
new g-id Jine whose ori~r'tatiori C<.:.n be chosen for any desired advantage·. As the 
user equipment is adaptable to this approach, a candidate region will be selected 
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and the technique expl~red. This should occur later in the fiv~ .. year program and . 
only ·if it appears that the technique offers benefits which justify t~ cost. 
Portions of the St. Marys River mini-chain ·could be operated in coordination with 
the Great Lakes wide-area coverage to evaluate these techniques. The Coast 
Guard embarked on the St. Marys River project with the ui'lcferstanding that it 
i~volves one of the most severe navigational situations in, the marine environment. 
Failur,~ to provide adeq~t~ all-weather navigation ori. -~;ae St. Ma{y~ River may 
crea~ the erroneous opmaon that LORAN-C cannot meet the reqwrements for 
other less-ciemanding environments. H the project succeeds, it m,y be 
prohibitively expensive to install and operate mini-chains in other areas'requiring a 
precision rac:tionavigation aid. Also, excessive proliferation of mini-chains could 
create unacceptable cross-rate lnterference situations between mini-chains 
t~~selves, and with the larg~~scale LORAN-C chains. The~, factors will be 
inch.IC{~ in an analysis of t~ performance and the costs and benefits of LORAN-C 
service enhancement techniques. 

It is noted that the differential LORAN-C and the low-powered secondar)' 
technique may provide the accuracy oj a mini.;chain without the expense of a 
dedicated chain and '!'ithout the cross-rate interferE:nce problems that could result 
from a proliferation of mini-chains. 

The main additional tasks to be addressed in FY -19 are related to hardware and 
communications reliability. Tecmiques aJ1d procedures will be ~eveloped to 
disseminate timely differential correction information to the user, sU1d to 'fii low­
powered secondary stations into the existing rate structure for some LORAN-C 
chains. 

The St .. Marys River Project has provided , a prototype LOR,AN-C mini-chain and 
prototype user equipment which can be evaluated for other applications in the 
harbor approaches and harbor areas of the l!ni,~d States. The St. Marys River 
mini-chai_n could minimize shipping delays now experienced when ice conditions or 
low visibility make the use of conv~ntional: visual aids to navigati()fl impracticaJ~ 
~ user .equipment project has three major segments: (1) development of user 
equipment and tape cassettes; (2) assembly of a nufl'.lber of demonstrator user 
equipments; and (3) deployment of these equipments for quantitati•1e performance 
measurements. The harbor guidance equipment wiU.1be supported by an analysis of 
navigation c;fisplay requirements for the St. Marys River ancl San Fr~ricisco ha·rbc?r. 
The display requirements will then be expanded to cover other harbor areas prior to 
each operational demonstration. 

E. ~urv~y Techni~ 

For the present, the only practical method of providing the necessary 
conversion from ,LORAN-C time difference readings to geographical .position in·the 
restrict~ waterway regime is by detailed survey. This contrasts with the coastal 
regime where quite satisfactory results are obtai~ using prediction, supported ·by 
selective surveying of limited extent. The experience with the pr~t~~ difficull 
ties in surveying the St. Marys River (described in Section 3.4) reveals, the ~ to 
develop methods for .[IP,Plying several :;,irvey techniques to LORAN..C grid calibra­
tion. These include use of visual, microwave, and iner;tial reference systems­
aboard airtiome· and marirle survey platform5 and the development of a s~y 
receiver and reference-derivecj positioning aids. 
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F. Grid Stability 

Data collected dt.fring the St. Muys River project in fY -71 is inconclusive for 
establishing mini-chain st~bility. Data taken in the San Francisco harbor indicate 
excellent stability the~e. The question of the St. Marys River stability will be 
resolved in 1979 and the stability of other regimes: will be investigated in the 
fQllowing years so that the potential performance of LORAN-C jn precisiqn 
navigation can be characterized accurately. 

G. S'4>e<!tive Research 

There are two methqds of provid~ng,precision LP~AN-C cov~age· in regions when 
the coastal q,verage is inadequat~: Differential LORAN-(~ and augmentation 
throl;Jlh the addition of one or more low-power station~, $1,.ipportive r~search is 
included for both of these methods. Jn addition, this project teli~ on survey 
information (see Sections l.3 and 3.-) to convert precise time difieren~es to 
geographical positions. It is desirable tC? replace or augf!lent existing suk-veying 
techniques with more precise or Jess-expensive methods. Finally, it is noted that 
a1J of the potential problems in precision LORAN-C ar.e r~lated to propagation. 
Any R,Ec!cD program in predsiC'). LORAN-C shoul~ incl~ a moderate effort in 
fundamental propagation researc,,. 

3~' HARBOR APPRO~CH,AND HARBOR f,iUIDANCE EQUIPMENT 

The objective of this program is to develop ana demonstrate a practical, low-cost 
LOR,.~-C Harbor Approach, ·~ Harbor navigator. This pro8ram is illustrated in 
Figur~ 8-6 and represents· the culmination of the LORAN-C R,E&D activities 
described in the previous sections. 

3.,.1 Background 

Two sets of guidan~ equipment have been developed and evaluated on the St. 
Marys R~ver. • ~ first, ·user I, provided t~ user· with off-track speed and cross­
track speed. This system performed quite well, . but w~s somewhat awkward ·to 
operate. The second system, User II, provided a CRT true,-motion display which 
s~.we.~ the vessel, the •~,ired tiackline, ~rrounding shoreline, channel, boundary, 
arid: buoys. ~ pres~t User II system ·ls too complicated and expensive t~ 
repr~sent a practical ship~~r.d precision navigational aid. This project will 
atter,1pt to demqnstrate a pract~aJ and low-cost Harbor Approach and ~rl;,o...r 
navigator t~t will incorporate the fflential tea~s of User II. This ·project 
provides the means for dem.~trating that the LORAN-C grid, whose stability has 
~n characterized, i1, jn fact; usable by the navigator in the Harbor Approach and 
Harbor environment. 

3..5.2 Tec~icaJ Approach 

This proj~t is summarized in Figure ~' -and ' involves the following three 
functional components in the ~valuation of the, harbor navigation equipment: 

}· L,--------~----- --- - - -.,, . ,;::- J . 
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A. The surveyed conversion information, ~ .. well as othe_r deta~~ ~ as 
m gra~Uents, chamel'tio~ies, shv.eli~, etc., wiU be carried on 
a magnetic tape casse~e. nae mar~ will i~t t~s c~tte pdor 
to !fltcring , given region, and. s~lec..,t •Nl ,int~•~ tracldi~ which 
~espood~:. to a file on :the·:tape. Significant·.~viations,from' the 
trackline, wh~e possible in ~ broad harbor, witl not result in ~ious 
errors ~ause ~he,grid is similarly "regular" 'in-such a harbor. 

8.. The navigator will c~f-.t9 any ~eiver providing up to th~ Ta;s·, 
or to-.two receivE, s delivering a tot~ 9f th_ree _TOs. 5'lection of 
receiver· is a user economic <lec:ision ciependi~g. upon required 
ac~racy. 

C. The navigator d~play will. be- a CRT ~howing . true-mo~ion of -1he 
vesse1 ~ weil as aU •Qf the. baclqrQUnt, i~~f!lation carried by the 
tape. Possib!e perfofmance options i!'\ ·~he ~t,y (e.g~,-~date •time, 
zoom; pva, tracks~~p/ngrtb~uP.) can-doin~riate both the ~ics and 
compl~xJty of tt_le tot~ systel)i. . ~icroprocess~ .t~hnoJ~y, and 

.pr:epad,caged CR"I:~graphics wiH hold ~tie ·maufact~ring· .cost· ·of the 
·nay,;gator.:belo•~. $J~,OO0. 

The abov~ ~rnponents will ,be incorpoi·ated an a s_elf:-contai~) developmental 
syste~ which will include. t~ .~ftwar~ and "d~mmy" input -to perfor,m Oiffere_pt!al 
LORAN-C.. Only t,_he data link need ~ a~ed in the future to' realt~.e operational 
Oifferential ·LORAN-C. ~im~Jarir,-; three TDs·~!1l'PrOYi~-Optimum).ttiree line fixes 
!ll'ld continu~ ~vigatioh in the event of ~ line ~ropout, and wHI perrJlit 4irect 
augmented operation. 

A$. ~ate~ in t~,. obj~tiv~ 9f, the program, to ~term,Lne ~ feasibility· o! the 
practical user equipnent in rpany Harbor A~roach and Harbor regions, the· ~ntire 
navigat9" system, jncl"4ing_J:~th equipment ·and:ta~ f!lUSt be reproduc;:ibJe ~t low 
cost,~ that a tru)y CONUS-Y!ide eval~tion can be. m~. _ Furt~~ deyelopment ~f 
the . navigatcr may i~lude: the, ·provision for ,~Jf-calibra~ion ~ the user. Irr .this 
mode; the 2JSer wHI: deve!op a us~ tape th,fough repeated' r'!M in ~1he normaJ: 
operating ~ea. 

The specific activiti6 in lhis pr9ject for each F~cal Year are i~ntified as foUows: 

A. F-Y.-79 

o Develop a two and three Une-cf-~ition gr.id matrix 
algodtnm. 

0 

0 

0 

0 

Dev~op user tape software. 

Develop prototype navig~tor. 

Test navigator on simulator at the Coa~t Guard't Electrical 
Engineering ·Cent~. 

Test seU..contained,navigator in the St. Marys:li.Iver. 

----· - ·-----------------

;, 
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B. FY-10 

o Fabri~te silt to eight demonstration harbor approach/harbor 
navigators. 

o OepJoy three uni~ on ore carriers in Great Lakes. 

o Deploy remaining units in San francisco or another suitable 
tiarbor. 

C. F.Y-81 

o Add~tional operational test and evaluatjon experiments ,in 
CONUS. 

o Development of self-calibrate capability. 

!'-Jthough the g~idance equipmC!Jt may demonstratt. the precision operation of 
-•~')RAN-C, the m·arine navigators may not acc;ept the q,ntent and format of ,the 
·informati°"' p~ented. This risk is minimized by exp~ience in St. Marys R'.iv~r 
with User D. Moreover, the .,grid may be unstable in some a,:~s of CONUS. ··This 
m~y ~ solved by Differential LORAN-C with a corresponding 11k:r~ase in cost and 
complexity. The system err9ts may also precltr-e u:ii!lg the navigator i,n some 
restrjcted waterways. This problem can be min_imi.z~ by augmentation techniques 
such.: . QifferentiaJ t:.ORAN~ or sui,plementaJ Lines-of-Position (LOPs). 

•.o l).fSPi..A Y REQUIRE,MENT5 

The objective of this project is to determine what format and detail are optimum 
,lor the d~sp~y of prec~ ,navie~tion information for Harbor Approach and Harbor 
-u~. ~ project will provide guidelines ·on the trade-off between gui~ system 
display compJexity~and a navigator's ability to direct the movement of his ~'fl!el 
along a desired trac]< utilizing thr, guidance system. The primary end results of this 
proj~t will be the ~velopnent of specifications and standards for ~ display 
equip,fient, ~ the~~termination of how the performance of mariners is affected 
by radionavigation ·;;ystem errors . 

. If.I 8,\CKC.ROUND 

Oemonstrations,9[.the two marine guidance system (discussed jn Section· 3.6) 
on the St. MarY.S River involv~ two widely 4ivergent types of display of navigation 
information. One $ystem used digital and-,bar gra~ formats, while the ~ond 
~ystem presented ~ detailed pictorial rf!l)resentation of, the vessel, ~J 
~i~ and sh~i:eline. With both of tt~se methods, it is unknown how ,the 
mariners ability to direct the motion of the vessel is affected by the format and 
detail of ,the ~vigat~on display •. Results of ~xperiments conduct~ ·at the Maritime 
Administration~ CoO'.\puter ~ided Operations Research facility (CAORF) usil'.g a 
digital d~play ~ . .wgment visual aids showed significant improvement in a pilot~s 
performar._ce in navigating in a difficult channel configurati9n, but also show~ that 
a pictorial display is , needed to pilJ't a ship iQ any restricted waterway- except a 
straight channel. From the experience on•the St. Marys River and at CAORF, it is 
evicw;nt r 
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that a guidance system -wiU provide a useful navigational aid to a mariner. What 
needs to be asse~ed is the impact the format and detail of the display have on the 
perform~ce of the mariner. 

4.2 TECHNICAL APPROACH 

Work ·in this project area is summarized in figuJe 8-7 and will be accomplished ~s a 
separat~ project, ,distinct fram the development of LORAN-C itself. The project 
will seek answers to the questions "How do I best present electronic navigation 
information to the mariner?" and "What information do I present'?". Man-in-J~p 
e~iments at a coniractor•s facility with simul~ted display fromats and detail 
will be utilized t~ determine performance trfde-offs and m.-riners• preferences. 
~~ answers will provide valuable input to the ~velopment of user ~uipment. 
A~_itionaJ project work may be required· -in the f1Jture to assure. that t~e 
simulations ~present the "real world'1 in sufficient detail to obtain represei.tative 
performance m~asures! "Optimu!'l" _display formav ,ay be difficult· to define due 
to ·the ra~ge of navigation situations and individual n,ariner preferences. This may 
result in "class optimizations"'for groups of vessel type ·and navigation situation. 

4.2.l Contribution of Err.:>rs to NavigationaJ •Performahc~ 

,Utilizing the OP,timum cla_ss of display (low, moderate or unlimited: cost), the 
project then will analyze the contribution of radionavigation system errors to the 
performance of the mariner. ~ mariner wiiJ · navigate- a simulated c~nnel using 
only the electronic $fisplay, with system errors introducf'd in the form of position 
"noise." 

•.2.2 Summary 

In surfimary, the project wiU provide definitive information about the ability of a 
mariner -to navigate a restrict~ waterway in Jimited vjsibility conditions with 
electronic display systems . 

5.0 NAVSTAR GPS APPLICATION snJDIES 

The objective of this _program is to determine the capab!lity of, or the development 
nece55ary for NAVSTAR GPS, to satisfy the requirements of civil -maritime 
transportation in the oceanic, coastal, Harbor Appr~h and Harbor phases of 
navigation. 

~.I· BACKGROUND 

Coincident .with the DOD eval~atio,n of NAVST AR GPS the Coast Guard plans to 
contribute to the body of knowledge needed to •nake informed national -judgments 
on the best use of NAVSTAR GPS tor civH applications. From the marine 
viewpoint, NAVSTAR GPS i!ppears capable technically of satisfying most 
navigation requirements and thus is a prime candidate ~o ·supplement and/or 
replace all existing radionavigation systems. 

However, many specific questions must be answered before it would be pos!iible to 
predict the optimal use of NAVSTAR GPS. These could be characterized along 
operational. technicaJ, institutional, and econom,c lines. Fore01ost among these 
are the issues of accuracy that will be made available to the civil marine user and 
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of cost/performance trade-offs that are possibje with t_he final navigation system. 
A full appreciation of the potential usefulness of NAVSTAR GPS ,to civil maritime 
navigation,J n terms of cost and performance, is o~e 1essef1tial consideration in the 
formulation of national ·policy concerning the level of accuracy to be made 
available for general, -civil use. Assuming that NAVSTAR GPS will be implemente_d 
and t~ t some service of reasonable quality will be available for g~al use, it will 
be especially attractive as a systen:i which wiJl allow· large ships ·to operate safely 
and with optimul'!l efficiency almost anywhere in the.,world, at leas\ in,coastaJ ~'!cf 
.ocean waters, seaward of the invnediate ~p~roaches tr ports. For smaller 
maritime operators, commercial and recreational, the costlperformance trade-offs 
will be critical. In t~ absence of a Government regulatory requirement, these 
vessels are unlikely to a_!=cept NAVSTAR GPS willingly unless it provides 
comparable or better performanc~ at an equal or lower cost than the navigation 
systems-which are existing ·today. ·-

5.2 TECHNICAL APPROACH 

The NAVSTAR GPS ,program is one that involves a lr1rge effort within 1he 000, its 
contractors,.and other agencies. The Coast Guard ·program must be suppl~mentary 
and re'1,ctive to. thi~ broad program, confining itse~f to e,sploring issues of concern 
to civil marine users, and fJexib,~ enough to ,adjust quickly to changes in the overall 
effort beyond Coast Guard control. The present program approach is as follows: 

A. Stooy all available information on C/A channel receivers and 
perform_ance. 

B. Cooperate with MARAD in the t~sting of one of the f~w such 
receivers presently in existence. 

C. Monitor all Gove,::nment P,rograms re.lated to NAVSTAR CPS, 
particularly thvse of the FAA, NASA, and MARAD. 

D. 

e:. 

F. 

Sponsor "add-on" Coast Guard peculiar research in NAVSTAR GPS 
whenever possible as part of existing efjorts. Attempt to determine 
the ultimate C/A (civil) channel performance from such studies. 

Develop in-house simulation c.ipability, first in softwa_re, and later 
hardware, for analyzing and-·~~sting receivers. 

Cunduct user tests of NA VS~ 
navigation. 

iPS side~_by-side with other aids to 

G. Sponsor R,E&D into methods of reducing co.st or imptoving 
performance of potential NAVSTAR GPS marine receiver 
technologies. 

The above objectives are reflected iri three pr<;lj!?Ct categories which are indicated 
in Figure B-8. These ~tegories are receiver technology, u~er field tests, and C/ A 
channel ultim~te performance potential. All three of these .categories combine in 
a major system decisfon block somP.time in th~ FY -32 or FY -83 time frame. 

5.2.1 Five Specific Major Project Areas of the Program: 

A general c4tegory of receiver studies to be performed ._ .: the Transportation 
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Systems Center: (TSC) ~ by contract. This program may or may not include a 
simulator development, and may include other hardware developments, such·, as 
receiver ·subsystems R,E&D. This task is a dynamic one in which the future, Jike 
all R,E&D, depends very much upon present researci1 and cannot be identified 
dearly. The Coast Guard does not envision~cor.~t:acting for a receiver during the 
next several years. Studies and subsystem testing will be adequate ·to predict 
performance. 

The bulk of the DOD monitor effor-t will be borne by.,Coast Guard personnel located 
near the Joint Program Office in California and by the new DOT NAVSTAR GPS 
Deputy Program Manager. Periodic visits with their engi~ru:ag personnel, plus 
their reports.and submi~ions, wlll maintain very close cont~-:.::t with these,progratlls 
of interest to the Coast Guard. A'·resident DOT Deputy Program Manager, who is a 
Coast Gua:rd Officer, has been appointed to facilitate liaison and ,coordination. 
Liaison has been established with both the FAA and NASA ir. Washington, D.C., to 
stay ~brea~t of their efforts. • 

Simulation faciJit+!!s are necessary to stµdy civil mari~-peculiar-receiver options, 
and eventually to ,~st competi~ receiver designs or subsystems, objectively. This 
program will proceed with necessary low-cost items, but wiJl defer signal har9 ware 
construction until receiver production patterns ar.e established. 

The Joint USCG/MARAD progrem is expected to last ·i:wo .years, ~ith an output to 
consist of a first-cut analysis of civil NAVSTAR GPS and a portable.-data recorder 
for comparative analys_is of ~AVSTAR GPS and other aids to navigation. One or 
more Z-sets (single-frequeoq, single channel, course acquisition code only) 
·~ceivers will be available for a field test ~gram on user vessels begj,nriing in late 

.1 W -80 and continuing indefinitely, or until other receivers are available. Possible 
s 1.f tware or firmware modific~tions might well be made to ~he z~set during this 
1f~ram to Qpt!mize it for marine ~e, as opposed to the aircraft mode ·for which it 

-.~ .iS designed. 

1,he C/ A channel-potential stucfy is planned for execu!jon at the Johns Hopkins 
> i~plied Physics Laboratory (APL) using available receiver equipment there. This 
re ~:eiving equipment, an >,<-set (high dynamics, high anti-jam resistance) which has 
be, ,, reconfigured for multimission use under computer control, will be configured 
to, \l)l"OCess C/ A signals only during these tests. The tests wilt show accuracy 
hisfi?(ies ar.d statistics for a perfect civil receiver navigating only on C/ A signals. 

F9~fow-on programs, beyond the i.-,,tial ·R,E&D ·described,1 will depend entirely on 
the t:,Utcome of this program and t~ disposi;~ion. of operational, economic and 
institil!ional questions. For example, if NAVSTAR CPS set:ms to offer a significant 
potential for Harbor Approach and Harbor navigation, in the light of both 
cost/performance and national policy on the quality of service to be made available 
to the public, then major in depth R,E&D must be mounted to study low 
probability, but debilita,ing phenomena such ,as mrltipath, ionospheric delay 
aberrations not covered by tile model, ~ so on. On the other h_and, if NAVST AJR 
CPS shows little pr-actical hope for this use, the Coast Guard's efforts in the field 
will be reduced to a lower Jevel of fostering receiver development and the 
development of nati~ an;d international performance standarc;1s for mar.itime 
receivers. The bottom line is really the impact of NAVSJ"AR GPS on the marine 
aids;to navigation system, and this impact will be defined by the combi~ total 
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infl~ of periormance, economics, and institutional questions. That is; the 
R,E&D program is orient~ towards performance po~ential first, and secondarily, 
towards the factors of economics.and policy. 

.S,3 'NAVSTAR CPS APPLICATIONS STUDIES DURING EACH 
FISCAL YEAR 

A. FY -79 - Understanding the issu?s ~ questiOf's: This k~y event is 
basically one of education, !earning in detaU •ho, the system works 
arid 'how ·rec~ivers- -interact- with system. ,capability, •to. ;1:esuJt in 
ultimate accuracy. From ~his will com_e a specific set of questions 
related to ,the system (e.g., ionospheric propagation error budget) 
that impact civil us~, followed by similar set of questions/trade-offs 
in receiver design that determine price or performance. This year's 
output •is essential(both for future R,E&D programming, and as input 
for use in Government policy decisions. 

8. 

c. 

o. 

E. 

FY -80 - Preliminary Tests c;f l$SUCS ~ -Questions: Th,~ year will 
provide the :opportunity t9 participate with MARAD in NAY.STAR 
CPS "low-cost'! receiver tests. At t~ same time every e~fort will be 
made to c~U~ a't(i anillyz~ system ·performance information from 
any.source(~ !•, DOD monitor stations, FAA measu,:es ·of RFI). Thus 
FY -80 will provide ,he first field answers to the FY-79 questions, and 
inevita_bly suggest further questions. 

FY-81 - This year is expected· to provide refinem~~t and 
ampl~ication to the FY-80 'field results, anC, see starts in Coast 
Guarcl hardware projects. 

FY -82 - Simulator Construction and Delivery: A hardware signal 
simulator for test~g receivers under control}ed in-house conditions 
will be delivered this year. Major reports on receiver technology and 
field performance will be wt,lished. 

FY:-83 - All major tc.Qls wil;l be in place. for decisions concerning the 
potential fee civil maritime use of NAVSTAR GPS. 
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APPENDIX C 
LORAN-C LAND R,E&D PROGRAM 

1.0 INTRODUCTION 

This ~ix describes ~ five-year OOT Research; Engineeririg and Development 
(R,E&D) p·rogram .to assess land appJications of existing radionavigation systems. 
The .~gram mainly addresses LORAN-C ancf,,does not COftl" the NAVSTAR GPS 
R;E &O , activities described previously, in 11.2.i. However, ~ver the Jong-t~m, 
Jand R,E&D for Gf>St LORAN-C, and other altema~ive navigation systems will be 
coordinated· within this appendix ~ wiJJ cover the fo•k!wing Federal, State, and 
local mlJ!l~pal agenci~ and potential civil users: 

o DOT Modal Administrations: RSPA,, UMTA, NHTSA, 
FHW ~, ~ ~tl-t FRA 

o f\ther F~ral °'partments: DQE, DOC, DOI, USDA, 
and HRS 

o State Governments 

o Municipal Agencies (e.g., Poljce, Fire, and Highway 
Departments and Emergency Mi!cf ical Services) 

o Industry 

o Private Users (e.g., trucks and ta~is). 

The appendix is intended to outline the lj,ng-term tasks required to eval~te 
potential land applications in the ~blic domain and is organized as foUows: 

1.1 Backgrou'nd 
2.0 DOT LORAN-C Land R,E&D Issues 
).0 Objectiv~ 
4.0 Approach 
.5.Q Tasks and Schedules. 

The R&O act~vities defined in this plan are the responsibility of the DOT Research 
and Special Programs Administration (RSPA) . . T~sk and schedule information 
covering each Fiscal Year from FY-79 through ,FY~83 will be identifi~ under the 
title "Land R'&D for Navigation Systems" when prepared to accompany. the budg~t 
submissions. •• 

1.1 BACKGROUND 

,There has been an increasing need for DOT to provide leadership in the 
implementation of technical and operational evaluations of LORAN•C .and 
NAVSTAR GPS i~ land navigation aPplicati_ons within t~ United States. The need 
was !9rmaJly recognized in J 977 when the DOT National Pl~ for Navigation (NPN) 
established an intt?lit· io assure services .to major segments of, the population, which 
include those who t~uld derivt- signifkailt be~fits from a-:precise ~termi~tion of 
position on land. In provi~ing a radionavigation capabHity for. the civil, maritime 
community in U.S. Coastal ~nd Great Lakes WatPr~ t'h • ,....,_,st Guar4's1~ration 
of .. L0RAN-C transmitters wiU off"" 1taneou .. J . ..... .. .uonal,~dvant~ge of 
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covtrage for over two-thirds of the area of~. the contiguous United 'St1tes and 92 
percent of its population. The existence of this co~age, and possibility Qf its 
expansion to a nationwide system, has prompted c~iderabJe interest in Jand 
suneillance and J~tion .identification uses of LORAN-:C by a number of FederaJ 
and State agencies aril industry. Within DOT alone these. interests range from 
active demonstration of automatic vehicle monitoring of transit vehicles and 
.~gerous cargoes to police· car dispatching, emergency medical ser.vic.-es, ind 
highway safety programs. 

~Y most sJanc:lards, .the inherent accuracy and receiver prices of~LORAN-C sat~y 
the prel~inary cost-effectiveness· criteria of a potentially large number of land 
users. Future market sizes for radio-l9ation ~vices may approach one million 
for trucb and1•taxi.s and over one-tuMlred thousand for. police cars, ambulances, 
fire engines, and other public service v~icles. ~ver, the ability of. 
radionavigation systems to meet the needs of these users depends on their 
sutte•!ul operation in vehicle and ur~ environments, both of which are more 
severe than those encou·ntered by the maritime ~m~ity. .Land yeh{cle speeds 
and internal electromagnetic interferences are more di~f icult to· ·treat and the 
re:ceivers are subject to intense Jocal radio-frequency interference frqm a wide 
vir!ety of industrial and private sourc:es (power diitribution lines, stoplights, 
burilar alarm systems, ~tc.). 

2.0 DOT.LORAN-C LAND.R,E&D ISSUES 

In its central roJe in civil navigation, DOT will need to address five major issues 
relating to lflld use of radi9-Jocation systems before the current investments by its 
own agencies (UMTA, FHWA, NHTSA,and FRA) and other public agencies become 
substantial. These are: 

A. Are the LORAN-C and NAVSTAR ~PS signal stref!gths high enough 
or visible enough to enable operation in .at least 90 percent of t~ 
urban are!ls where t~ r~~io-frequency (RF) noise is most prevalent? 
Are inexpensive alternative systems .available to augment these 
syste~ in local regions where the RF noise is ~minant or the signal 
strength has been reduce1 ~ to low sa~eUite elevation angles or 
external shielding (e.g., structures, powerlines) of the receiver 
al)tenna? 

B~ tfow should DOT reseond to an emerging u~ community requirement 
to limit the RF,,noise produced by existing sources (e.g., powerlines, 
stoplights, telephone line test ~gnals). 

C. rs it possible to overcome the effects of signal reflection noise 
through a low~cost redesign of t~ receiver or with dead-reckoning 
procectures which minimize the effects of short-rang~ noise sources? 

D. Will the early uses of LORAN-C be restricted to the low J~F noise 
suburban ~ rur~ areas where higher ~fits can be actiieved at 
lower risk? .. 

E. l'~t ,;uidelines should DOT provide to potential users so that they 
c~r:u:,i:s.Uy evaluate their costs, benefits, and technical developments 
in~a'step.by➔t~p manner? 

F. l'hat practical, uses. can State and local governments make of 
LORAN-C? 

I ,, 
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G. To what ex:tent are ~\'.ate and local governments interested in using 
LORAN-C? 

H. Can State and local governments afford LORAN-C - first c~t; of 
purchasing equipment, systems, etc.? 

J.O OBJECTIVES 

Tile main objective of t\1is R,E&D plan is to establish ~ long-term program which 
supports DOT decisions on--land uses of radio-location systems and specifies the 
requirements to evall@te pot~tial land application in the public domain. The plan 
concentrates an near-term activities for the LORAN-C system·and can be used to 
structure similar activities for future syst~ms such as NAVSTAR GPS. The DOT 
support will provide comprehensive performance and cost-effectivenes~ 
inform~tion consistent with the special functional, geographic, an,d operational 
needs of each user group at F~al, JStite, ~ local JeveJs. Pr.ocedlires wUI be 
deveJoped which prescribe the ~ly steps which s~d tie ta~ in the ~valuation 
of LORAN-C appli~tions prior- to a decision to proceed with large-scale 
,demonstrations or ·major system implemen~ations. These include preliminary 
measureme,rtts of RF signal and noise, deterrriining enf«ceabJe actions on radio-
frequency illegal or unregulated r~iations, providing technical evaluations of the 
results of present and planned user dem~trations, and comparing LORAN-C 
perform~ and costs ~ith• those of alternat,ive naviga'iion systems. The specific 
s~t-term objecti~ within the next t!'O years are: 

A. 

8. 

Devel~. e«1,&iprnent !apidly, to_ assess receiver-independent signal 
~trengti.s and noi~ sources fr.om measurements taken in areas 
identif~ed by potential users. 

Establish a data base for 'LORAN-C program plaMing and the 
analysis qf :LORAN-C perform~ -and costs. •This includes system 
designs, •pment costs, <;9fflputer programming requirements, and 
system calibration. 

C. Identify the, q~tifiable -and other indirect beMfits which-can be 
empJoY.~ in comparing LORAN-C with current operations. 

,.o APPROACH 

The LORAN-C Land Aftion ~ consists of two suc~ssive efforts: (I) near­
term wort< entitled "LORAN-C Land ~~A:D," and (2) a long-range activity called 
"Operatians•Management and Technolot:.. -Sharing." The -~lier phase is intendecf .to 
establish the necessary expertise, data bast'S, ~ equipment 'desigriS for the !'iecond 
phase where operational evaluations and techilOlogy sharing will be developed more 
activr.Jy wit,h potential users. The five-year relationship of these two phases to the 
n:'~jor DOT cr.itical decisions and the separate LORAN-C programs of the modal 
administrations is iUustr11ted iri Figure C-:1•· The most importani factor in ·t.he 
plarining of work after 1910 will be the DOT decision on whether or not to lund the 
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expansion of LORAN-C to the mid..continen~ region of the United States. Ow'ing 
1979 anq 1'80, the LORAN-C Land R,E&D activity will refine the cost/benefit 
data~ provide e~.inhrmation on the user. requirements and the results of 
·LoRAN-C ·demons_tra,t~C?_Os f,;r a IT!!d<ontinent buiJget request. ~ the -budget 
decision has b,een made, the Operations Management and Tecf!nology Sharing phase 
of the ,program will be-restructured to cover either the requirements of the users 
on a nationwide basis or in the areas .which do not -'depend on the mid-continent 
coverage. RegardJess of the restructuring, the sec~ phise will continue to 
provide· comprehensive data on the remaining user requir~ents, costs, and 
benefits and will focus on the annual report to 5'4>1)Jy. detailed ,!Ui4elines on· 
LORAN-C implementations to the user commooity. 

The LORAN-C Land Action Program is a part of a larger oor project entitled 
Navigati911 System Studies. The 1.,ger project will<utilize a _Navigation Economic 
Model to compare the costs and benefits of future civil navigation system 
alt~natives involving Jand, sea, and air users on a nationwide basis. ~ Addition to 
providing data for this model, the Land Action Program will provide comparisons of 
LO~AN-C receiver c~ts wittl alternative systems (e.g., NAVSTAR GPS, OMEGA, 
signposts) now being: .studied by the FAA; U.S. Coast Guard, and other DOT 
agencies. Sy mid.:.:1910, these comparisons and t~ reStJ!ts of field\ tests 
(particularly for the ~AVSTAR, GPS, . Jow.c.ost receiver studies and the UMTA 
automatic vehicle monit«ini with LORAN-C arid signposts in Los Angeles) will be 
evaluated'and submitted as information to ·accompany the budget requests. 

5.0 TASKS AND SCHEDULES 

The tasks and schedules indicating t~ main y.ear-by .. year efforts of the ~)RAN-C 
Land A!=tion Program are -qammariz~ in F~re C-2. ·The figure iden~if ii!s seven 
major tasks which are defined~ the~ R,EctD phase up to 1911 ~ -~eafter 
support t~ main -e~ produc:, of ,~ations M.nagement_ ind TechnoJoiy.: $flaring. 
The figure also shows five .. l'flajor n;b~ activities which will be evalua~,:d as 
addition_aJ information sources for the budget request ~ for the preparation .of 
guidelines for the potential l:.ORA~-C ·applications. The specific objktives al'9 
~ipti~ of each task are as follows: 

µSER APPUCA TION STUDIES 

The objective of this task is to collect and org~ize informalion relating to land 
applicatior-s· of ~OR-~N-C in a form which will identi~y both the speci~ ~ 
cornm01r requirements •of the vario_us ·~ groups. Although this ·t&sk wm be 
performecfon a contiming basis throughout the program, the major work will occur 
in 1979 and J 980 ~ consist.of: •• 

A. Establishing a library and a bibliography of LQRAN-C refett.na 
material, project reports, and information s«U"ces {e.g., ,Jist of 
contacts, ~as of expertise, and equipment capabilitie~) ¥fhich focus 
on~~ uses. 

e- Developing and '4)dating a computerized data base of LqRAN:.C 
activities which ::an 'be accessed to print~t crou-correlated 
information on ·user futtetions, applications, orginizations, ·project 
sizes, and sc;hedules. 
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CALENDAR YEAR 1978 1980 ,., 1N2•1-

TASKS 

1 .. u.. Appfk:ations Stud• A l:s, 
Workiftt ,._, 

2. ProjlCt Plennint and !'11111ment ◊ I\ 
Pteliffl, FINI 3. Receivw.Evlluation A A A 

~ 
Report Fa Ten 4. Si9Mi Chanctwittics 6. 6 6 A 

Rtport 
6. Vehicle Operations A A 

n Model Data Report u.ero.ia I ,. UNr Definition )\ A . A A A °' 
U..Guw.1 Uter04,~ 7. U.. lm.,.....tltion Procedu,- A A 

RELATED ACTIVITIES 

A. Mid-Continent Budget Requ111t 6 ~A 
a. UMTA AVM • T1n,..... Tlltl I\ A 
C. NY S... LORAN-C Tt111 A A 
0. GPS Low-Coat RIClivw Sti.tdi• A 11:,. 
E. Navigation Economic Model 6. A 

FIGURE C-2 LORAN-c Land Act~on Tasks and Schedules 
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~. Providing updated histories of LORAN-C receiver prices, 
manufacturers, modifications, and new designs (e.g., light~tffeight 
compact ooits, special packaging, new operati~I features, and 
-communications and control interfaces). 

D. Collecting ancillary inf orm~tion and sumQ"lwies of past work ~hich is 
considered to be a s~ary importance to the project. This 
includes g~al information on grid prediction te~iques, 
communkations procedures, human factors, LORAN":;c time 
referencing, mini-chain operation, and combined O~EGA and 
LORAN-C receiver designs • 

.5.2 PROJECT PLANNING AND ASSESSMENT 

The.g~~ of this task are three-fold: (1) to objectively assess demo~trations of 
LORAN-C land uses; (2) to define. future demonstrations which should be 
performed; and ,(3) to incorporate useful information obtained from studies of air 
and marine applications of LORAN-C. This work will include an analysis of data 
obtained from three major related activities listed in Figure C-2. These are: (1) 
UMTA -LORAN~ automatic vehicle monitoring experiments now being conducted 
in Los Angeles; (2) prototype testing of emergency medical servi~e (EMS), highway 
safety, and various other applications now underway in Tennessee, Kentucky, and 
PeMsyJvania; and (3) preliminary designs of rural police, EMS, and highway 
department applications being planned by the State of New York. The results of 
these and other activities will be summarized in a working paper for the ~get 
decision in mid-1980 and will involve: 

A. 

B. 

c. 

o. 

An evaluation of past an.1 present LORAN-C land demc,nstrations 
being ~onducted by DOT :'(e.g., RSPA, UMTA, NHTSA, Ft§WA, and 
FRA), other Federal organizations (U.S. Forest Service, 8LM, ERDA, 
etc.) and State and locaJ,age.11cies. 

Recommendations for additional testing in areas where firm 
conclusions cannot be made or where problems occur. 

A test plan for future LORAN-C experiments which emphasizes 
demonstrations that should be perform~ by DOT ag~ncies ('-'MTA, 
NHTSA., etc.) and other interested Federal and State agencies which 
have similar ~uideway and navigation accuracy requirements. 

An assessment . of the degree to which information on land 
app~ications of LOR~N~ can be extrapolated from the results of air 
and)marine experiments and activities conducted by the FAA aod the 
U.S. Coast Guard. 
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5.3 RECEIVER EVALUA TJON 

The objectives of this task are three-fold: (1) to identify those areas wher~ the 
current marine receivers can be modified to operate more effcctiveJy in the land 
envir90ment;· (2) to verify with the manufacturer~ and from field tests that the 
modifications can be made at low cost and~with a minimum,of technical risk and 
complexity; and (j),,to define central processing techniques which c.an ~ used to 
improve the overall accuracy of a multi-vehicle LORAN-C s15tem, e.g., 
Differential· LORAN-C. This task ,will focus on in-vehicle operation of LORAN-C 
receivers at representative turn rates and velocities during periods when the 
s.ignal-to-no~~ r~~ios aj'e marginal. Design options ~now being considered by the 
manufacturers-and by LORAN-C')Jand demonstration progr~s in Los Angeles, New 
York, and Tennessee include the foJlowing: 

A. ·Improved velocity aiding and coasting and~ blanking strategies either 
within the receiver or at a remote central processor in order to 
reduce errors over short distances where the noise is high. 

B. Vehicle positi9'1 error corrections and. calibrations fr9m a local 
monitor or a remote· tracking facility which relat~- tf!e vehicle 
velocity, and direction !O the LORAN-C position error ell~l>,Se: -<!nd 
reason;jbility checks on predicted 1positigns or actua~ .fucation 
readings obt~ned from an a~gmenting sys~em. 

C. Lost-Jock or cycle-slip warning indicators which inform the o~_rators 
that tlieir receivers are not working and generate requests to .the 
remote tracking facility for course reasonability c~ks :whi~h are 
baseqion predicted position or area-wide signal and noise profi!es. 

D. Receiver ~s_igrn modificati~s such as faster relocking, narrower 
bandwidths, :improved notch filteling, faster time constants and 
tracking logic, and optimal weightings of time differences derived 
from more than one,LORAN-C chain. 

The initial analysis of the most promising design• ~ptions in this task will be 
perfromed by Purdue University in an existing c~tract with RSPA~ ~ analysis 
will ~rive information from e!1flier st,udies of signal and noise characteristic$ and 
vehicle electromagnetic interference in Tas~ 4 and .5 in order to provide a 
preliminary report, in October 1979~ The rep«t will specify a hierarchy of design 
approaches which shoµld be taken t~· ,mini_mize the ef feet of ~efined ty~s and 
magnitudes of urban noise ·(e~g., short and medium-range continuous wave and 
discrete radio-frequency interferences) at processing rates suited: to stationary 
·vehicles anct vehicles moving at tranf jt vehicJe speeds. The report will also iQclude 
an assessment of system architect~re$ and processing algorithms ~hich optimize 
the wide-area error correction techniques in ~th the receivers and from the 
central monitorir)g facijities. 

Jn, 1980, guideline~ wHJ be developed for a LORAN-C receiver performance 
specification for lanc;t .use vehicles. The guideline:; will be evaluated 
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against the wrr~t and projected .states of, technology (e.g., new integrated 
circuits) and the '~iver manufacturer's-ability to implement specified designs at 
reasonable. cost. ·nie evaluation will include an assessment of prior receiver 
modifications tested in the field (e.g., Los Angeles, New )'ork and Tennessee)~ 
the cost and performance trade-offs bet~een in-vehicle and cen.tral facility 
processing. The· ~essment will also contain an analysis of vehicle operatims in 
rugged rural t~rrain and at the position reporting rates and velocities encountered 
in the majority-of land applications. 

-5.4 SlGN~L CHA~ACTERISTICS 

The long-term goal of this task is (o develop ~ mobile LORAN-C laboratory which 
can be used to ~ess rapidly the temporal and spatial quality of LORAN-C signals 
in a ,._variety of areas witrumihe United States. On-~ite measurements taken by the 
laboratory are intended tQ serve as the starting point 'from which-requesting States 
of local users c.an make early decisions,.on the ability of LORAN-C t~ m~t their 
performance criteria. ~ laboratory is intended to provide signal anc:t 'noise 
profiles which r'Jll be used to make an initial ~ssessnient of signal strengths and 
local position monitoring requirements 'before major R,EckD investments ~e 
incurred. Emphasis wiU be placed·on makil')g a rapid report to prospective us~rs on 
the results ,of the measurements as the first step. to a more complete definition of 
total system requirements in Tasks 6 and 7 (sections C • .5.6 and C • .5.7). 

During I 979 and 1 ~0, the Land Action Program will be devoted t" the design and 
fabrication of the LORAN-C mobile laboratQry and to the measurem~nt of 
1empora1 changes in LORAN-C accuracies a! selected' rural lQ!=ations. Both of 
·these efforts will draw heavily on the present Coast Guard experience ancj 
procedures for measuring LORAN-C transmitter signa1s in the field. The 
laboratory design will proceed from a review of urban RF noise characteristics 
which.-ar~ OO'-!'f being diagnosed as a part of the AVM experiments in Los :Angeles. 
These anchother nois~ measurements (e.g., power-line carrier noise assessments! in 
Ten!}essee) will be used to deter.mi~ dafa storage rates and sizes for RF no~ 
at1alysis routines .which wiU be developed in 1980. The routines will be· developed 
from a test plan which specifies the 111ethods for obtaining a r~presentative noise 
profile as a function of geography, local structure and anomalies, and over pre­
determined estimates of signal correlation distances and times. The profile will be 
expressed in terms of fixedopercentages of the spatial ~ temporal availabilities 
of usable ~9RAN-C signals. 

The pUrposes of the ~arly measurement of temporal changes in .the ~ORAN-C gri~s 
are to determine (ttie requirements for differen~, ,J operation of LORAN-C and to 
establish a Jand,signal nibnitori~•s; capability which is coordinated with existing and 
new Coast quar~ monitor statioos throughout the United States. Early efforts in 
this area· will consist of an examination of Ccast Guard monitoring equipment~ 
procedures in order to assess their ability to provide unified monitor data to 
regional State,and local agencies. The assessm~t wilt focus on optima) weightings 
of positi~ corrections obtained from multiple monitor stations and wiJI incl!J(te ,the 
requirements for providing local information on chain reliabilities~ In 1979, 
preliminary estimates of these data requireme~~ will be obtained from 
measuremen~ of repeatability by an existing RSPA LORAN-C van at selected 
rural locations in Vermont, Tennessee, and New York State. 
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In mid~l 9io, a report sumrn:.w.izing the progress and findings of aU signal 
characteristics activities will be prepared. The report will provide the foJJowingt 

A. A description of the mobile test laboratory and the plan for ~ts use in 
a comprehensive technology s~ing •program between the Federal 
Government and public users at State and local leveJs. 

8. A preliminary identification of the types ·and degrees of radio 
frequency interferences (RFI) which have been determined from 
measu~ments in the field. 

C. The DOT procedures and documentation ,needed to init~te possible 
FCC administrative actions to both limit RFI and determine ·the 
impact of tfie r.Jimitations on established operations~ 

D. A pre!'....,inary asses.,m_ent of the adequacy of LORAN-C signal-to 
noise ratios for land uses in urban and ruraJ areas. 

E. A description of the methods and investments needed for: improving 
the signal-to-noise rati~ through the use of local mini-transmitters, 
multi-chain operation, or position updating transmissions from local 
monitoring faciJities. 

F. A description of the steps required .to achieve coordinated monitor 
station operation and data dissemination between U.S. Coast Guard 
and locaJ monitor stations. 

The fabrication, assembly, and acceptance testing of the LORAN-C. mobile 
Jab9ratory will be completed by 1911. Extensive field testing in response to user 
requests will begin in <1982 and,is expected to provide the critical data for decisions 
to go ahead with Jarge-s~ale LORAN-C implementations~, The data are intended to 
establish the initial gui~_lines for a more e~ensive definition of·user requirements, 
cos~, and benefits •in-Task 6 • 

.5..S V.EH!CLE OPERATION 

The purpose of thts t~ is to develop techniques for improving. t~ installation and 
operation of LQRAN:.C receivers in land vehicles. This task will ~ .performed by 
Pur<jue University in an,~xisting contract with RSPA and mainly ad~resses CPRAN­
C antenna designs ~ gu~delines for minimizing the effects of the vehicle 
environments on the r:~c~ived signals. This activity will result in a final report by 
the end of 1979. The report wiU consider bus, ambulance, police car, and highway 
inventory·vehicle~types and will involve -the foUowing: 

A. An analysis oJ presen! and new antenna design- (e.g., l~p, stub, 
phased-array) and antenna locations whid! minimize receiver errors 
caused by low s~gnal strength, signal polarization,. and shielding by 
the vehicle or its structure. 

8. Installation guidelines wh!ch assure prope,:: grounding~of the receiver.s 
and minimize antenna -shielding by the vehicle metallic structures or 
other antennas. 
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A specification of the temper~ture ranges and electromagnetic 
interlerence (EMI) environments in t~ dashboard, trunk, or 
equipment· storage areas of' I~ vehicles. The speaf ication will 
corer ;aU-weather operations for ·a wide variety of vehicle types and 
EMI sourc:es·(e.g., ·alternJ.tors, citizens-band radios, police radios). 

An ass~ssment of the suitability of the present LORAN-C receivers 
to operate within the land vehicle temperature ranges and when 
fastened to mounting fixtures specif icaJly designed to minimize the 
effects of s~~ vibration. 

E. The specification of a standard electrical interface and signal 
description for LO~AN-C receivers in.land vehicles. The desr.ription 
will include: position Joca~ion data words, r,ec:eiver status (e.g., Jost­
lock, acquisition, vehicle identification, ECD, ooise v~ues), LORAN,­
C status {e.g., blink, chain identification), and data request and' 
control f uncti~. 

5.6 USER DEFINiTION 

The•objective·9f this task is to provide a continuing and comprehensive description 
of the user requ~rements, cos~, and benefits in land applications of LORAN-C. 
The description will be developed from the data base and pl'ior work in Tasks J 
through 5 (sections C • ..5.1 thr9ugh C . .5.2) and provide specific definitions of the 
special and common needs of user groups in three areas: 

A. Requirements: 
This subtask will compare the overall system requirements of user groups to 
s~if ~c system ~esigns which insure an integrated and technically 
ac~eptable operation of LORAN-C in Jdnd applications. The system desig~ 
will consider augmenting, systems, vehicle accuracies and responsibilities, 
coasting times, central facility monitoring and position ·update rates, 
r~iver characteristics, and othe.r pertinent factors. These designs will 
then be analyzed to determine .viable modes of multi-vehicle and multi­
.modal operation whi~h involve optim~ local monitor strategies, 
minimization of mutual interference, interagency coordination, and specific 

1geographic, ..terrain, and temporal and spatial coverage methods. 

~- Costs: 
This subtask will specify the total system costs to implement fully the 
systems ~defined by the user requirements. The cost estimates will refJ~t 
current LORAN-C r:eceiver prices and market sizes and wHJ' incll.1$1e the 
•following: 

1. 

2. 

Receiver initial purchase and yearly operation and maintenance costs 
~ a function of their prke-v~rsus-demand histories, <present volumes 
o'f production, ~d equipment life-times. 

Initial installation costs, retrofit expenses, and equipment 
amortizations expres~d as a function 9f. vehicle operating 
environments and life-cycles. 
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). Initial training.and annual retraining ~xpenditures. 

4. Costs fer LORAN~C grid calibrations, local m9,flitor facilities, 
tow-powered local transmitter stations, and map preparatioo 
and dissemination • 

.5. Central processing costs for the .acquisition, sorting, storage 
retrieval, and retransmission of LORAN-C data. 

6. Central facility (e.g., displays,,keyboards) and operations costs 
associated with automatic vehicle monitoring ard control. 

c. Benefits: 
This su6task· will provide estimates of the tangible and intangible benefits 
which -may be d~ived from specific system implementatiof'!S •of LORAN-C. 
The ·estimates will reflect the ran11es of benefits derived lfrom similar ~t 
and future applications of LORAN-q an:I will specifically rtference the 
sources and rationale employed to quantify monetary values. The benefits 
wiff ind~e: 

1. Annual savings in gper-ating pers011nel and vehicle moving costs (fuel, 
tire wear, etc.). -

2. Savings from the elimi~tion or supplementation of existing location 
systems (e~g., highway mileposts, ground flagmen, precision 
afometers, ~tc.). 

3. Revenues derivable from o:ther local agencies who benefit from ari 
established Ma.raageinent Information System with·· local position 
reference data. 

4. Safety-related ~efits resulting from improved highway accident aid 
ard selective enforcements, faster general 0 emergency servi~s (e.g., 
medical, fire suppr~ssion), am faster aid during criminal emergencies 
(e.g., policemen, bus drivers, taxis). 

5. Savings from more efficient search and rescue operati<r,1s and 
coordina~m:i posi_tion monitoring and control in forest fire sup~ession 
or natu~ disast~ relief. 

6. ln~ar.gible benefi ts from the improved tracking and routing of 
dangerous cargoes. 

In 1979, priot to establishing the mere complete information on Ja_rd user 
requirerpen~ and benefits, preliminary estim·ates of the cost data for existing an:I 
potentia! .users will be provided ,for the DOT Navigation Economic Model~ 
Aggregate user costs for LORAN-C user population projections obtained from the 
mod~ 'Will then be Slmmarized along witi:I the preliminary. ·benefit estimates in a 
report for the bulg~ request. In April 191 I, a-final user definition d~ument anj a 
mechanism f« incorporating a:lditional futu~ user requirements .wm be prepared 
in a form suitable for continued i~house~use of the model by DOT. 
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5.7 USER J_MP~EMENTATION·PROCEDURES 

1hi.s task ·covers the generation of a continuing set of ~res and guideJines 
which will inform exiuing and potential users of the pr4;>gre~ and P-fOblems 
~untered in,.all land applications of LORAN-C. Its main pu~-is to generate· 
yearly user .guides and short reaponse news.letters ~ potenlial users. Three types· 
of docurnents w~ll be ~lished in order to stimulate a multi-user exchange ,of 
i~91"m~tion and elicit inquiries into coordina~ and costi~ffective applications of 
LOkAN-C by. groups of ustrs in their Joca! operating r~ions. The descriptiop of 
these .P,!Jblications is as f oUows: 

A. Short-response newsletter-s in the form·, oil introductory primers and 
state-of-art0overviews will~ issuecf:-~t Jeast ·once a year in order to 
introduce the users to LPRAN-C ~ its applications .-..cl to inform 
them ·of recent advances in r~ivers and navigation system 
techniq~~-

8. U~e:r guides will be published .~ each year and will specify, the 
progressive steps required in tne consideration of groups of LORAN­
C applications' ~ the or4,6-ly implementation of their operation 
within the user.5' existing systems. 

C. User directories will ~ -prep:aed' whichj~marize·the major results 
of on-go~ research,;~veJopment and demonstration proj~ The 
~irectories will aJ~-provide ,inforll)ation on user conferences and 

-'DOT meetings a,id. de~joosraffecting land·uses of LORAN-C. 

As shown in Figu~ C:-2, the publication of user guides will begin in 1911 and 
~ntinue through 1 ~J5'.as the major reporting mechanism of the LORAN-C Land 
Action Prograrriio "It is· hoped that the combined use of these gui~ and the 
newsJe~~P''~ directories will generate a Jong-term techno)9gy sharing process 
where DOT acts as the focal point for detailed· information and guidance 1n its 
leadership role for, civil navigation. 
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APPENDJX D 
DOD R,E&D FOR SELECTED RAblONAVIGA TION.SYSTEMS 

1.0 OBJECTIVES 

Tfiis R,E&D plan .ior radionavigation systems l)as as its Ql)jective, a description of 
the development of selected, common-used r~dionavigation capabilities required by 
t!'e Commanders of the ,Unified and Specified Commands, and Military 
Departments/Services to _fu!f ill the tasks specified in the Joint Strategic Planning 
System (JSPS)~ The JSP.S outlines the military strategy and f9f'ce levels 'for 
attaining the national ~rity objectives of the United States. Tactical navigation 
re·qwremenfs are ~stablishe!:I by t~ Unified and, Specified Commands ~d 
coordinated by the Office of the Join~ Chiefs of Sta!f (O~S). The requirements 
are consoJi~ted ancf used as a basis for the ·Five-Year · 0.efense Program (FYDP) 
which forms part of the President's budget submitted for ~val ~ funding by 
the Congress. 

1.1 SYSTEMS ACQUISTIQN PROCESS 

The system acquisition process ·of the DOD ls a sequence of specified .phases of 
program activity and decision events direcied,4oward' achievement of estaNished 
program objectives. The proce_ss ls •:initiated with the~approvaJ of a ·missiM-need 
and extends through s~cessful, completion of development, protjiJction .. _and 
deployment of the Defense system or termination ofi the pt,~r~~ .000, 
Components (the Military ~partments and the Defense Agencies; ~ij_ :erm 
"Services" refers to the Army, the Navy, and the ~ir Force) ·are re5P:C?nsible- lor a 
continuing analysis of mission areas ·to ~dentify mission. needs and ic define, 
develop, produce: and deploy systems to satisfy t~-needs. Mission needs .are 
stated in terms of the operational task to be accomplished and not in terms of 
performance or ~racteristics o~ s~tems to ac:x:oniplish the mission. 

The Secretary of Defense shall make the -~ions to iQit(a.te, increase, de<;rr "lse" 
redireci or terminate program commi1'neilu. DOQ '&mponent H~#is are 
accountable to the Secretary of Defeaee w ~ approved -syst~m ckquisition 
·programs in accordance, with the· Secretar-f'J decisions and .,to keep lhe Secretary 
inf or med on the current status. The four ~ Secre~y of Def~ .-decision points 
identified wjth separate phases of program activity are struc~r~-<i-as follows: 

1.1.1 Milestone 0 - Program Initiation 

At such .time as the ·secretary of Defense requests or a DOD Compo~nt Head 
determines that a .new c;.a~~ility is to be acquired to meet a perc:;eived need, the 
DOD Component H~ad shall ·subniit. a statement of the mi5;3ion need to the 
Secretary of Defense and r~quest appr9val to proceed to identify and ~xpJore 
alternative ~olutions to the mission need. The consideration to s~ppor.t the 
determination of the mission need shall be documented in. t~ Mission· ·Element 
Need Statement (MENS). • -

When a mission need is determined to be essential and reconciled with other DOD 
capabilities, resources and prioril.ies, the Seci"etary of Qefense wiH-approve' the 
missiorH'leed and direct one or more of the DOD Colnponents system~ticaJJy and 
progressively to explore and deveJop alternativ~ syst~m concepts to ;ati~~Y the 
approved need. 
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1.1.i Milestone I ~ Demonstration ar.a Vali«!!!!?!! 

"hen the DOD Component completes the ~mpetitive explora~ion of al~ernative 
system concepts to the point where the selected alternative. warr~ts- systef!' 
demonstration, the DOD Co(nponent Head shall r~t-·approval to pr~ with 
the demonstration and validation effort. The recommendations shall.- be 
documen,ed in a Decision Coor_~ination Paper (DCP), and reviewed by t~ .. :Defens, 
System Ac(JU4 '_ition Revi~ Coc'.slcil (DSARC) and the (Servic;e) System AcquisOion 
Review Council ((S) SARC) prior to the Secretary of Defense\ ~ecision:. 

The Secretary of Defense's action will reaffirm· the-mission .need and approve one 
9r more selected alternatives for competitiv.e demonstration and val,idation. 

1.1.3 MiJestone 2 - Fuli'-Scale Engineering Developm_ent 

When the demonstration and validation activity has been completed and ·the 
Component Head is prepared to recommend the pref erred ·systems f o'r· !uJl-scale 
~gineering developm~t, the r~mendations ,shaJJ,be documented in. an updated 
DCP and reviewe<I by the DSARC and-(S)SARC prior to the .Secretary of Def~'s 
decision. 

The Secffl!t~y-of Def en~ will reaffirm the mission, need and approve the ~Jection 
of a syst~m for full-scale engineering development,-iincluding procurement of Jong­
Jead production ite,ms and Jimited,production for operationat•t.~Stiand ~valuation. 

1.1.4 Milestone .3: Production and Def!oyment, 

When ti)~ Component Head is,prepared to recommend s>;_roduc;:ti~ of the system, the 
recom~endatiOfl.S soaJJ be docum_ented in an updated DCP and ·reviewed by the 
'I~S.'\RC and (S)SARC prior t~ the Secre~ry of''Defense's decision. The Secretary 
of Q~fense will reaffirm the mission ,need, confirn:i the system re~y for 
production,. approve the system for production and authorize the Com~t to 
deploy the ~ystem to the usi~g activity .. 

Following a 1Milestone 3 det;)sion, the DOD Component Heac:1 shall make quar,~·ly 
reports to the Secretary of/ °'tense on key program issu~, The DQD Component 
shall keep the Defense ·.A;c~~ition Executive· a!l(I the OSD .staff informed on kEy 
program ~tions· ~ the program progr~~s. 

Tht!! DOD Compon~nt Head 5hall ck.cide when t~ sy~te~m 'is re~dy t~ .. be deployed to 
the usinc,activities·ancfshall advis~ the ~retary of,.l;)ef~. 

The following ,DOD documents define the DOD policy in specific fuf!tiona1 ar~~i 
dealing with system acquisitions: 

Document Number Subject 

DOP • Instruction 4001.l Industria,I, Preparedness 
Production PJaming 

DOD Manual i1100,.3M Industrial Prepuedne~ Planning 

DOD Directive 
~anual 

11100.:u togistic Support 
oop Directive 410,.62 ,~oposal Evaluation and ~µrce 

SeJection 
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Document Number, SUbject 

DOD Directive ♦120.3, Standardization 
DOD Directive •• ,,.·3 ~i'ty Assurance 
DOD Instruction' ♦200.t~, Minuf~cturing Technology 
DOD Instruction ••00.1 Priorities,and Allocations 
DOD Directive ·et,600.J Electronic Counter-Countermeasures 

(ECCM) 
'DOD Directive ,000.l Major System.A~qu~itions 
DOD Directive ,000.2 Major Syst~m ~cquisition Pr~ss 
0(\0 Directive ,000.3 Test and Evaluation 

\ ' Cost Analysis Improvement Dt.O Directive ,ooo.,. 
Group· 

DOD Directive ,qo0;23 Management~.~areers, System 

,000.21 
A~quisi'tion 

,DOD"Direc'tive '~ign :to Cos~ 
,DOD Directive 'lOCXl.30 Defense Ac~s~tion Executive 
·OOD Instruction -5010.I Value Engineering· • -
WD tlstruction -;o10~12 Data, Acquisit~on of 
00D Instruction ,010.19· Data, Acquisition of 
DOD Directive ,100.40 R~sponsibility f~r the Adminjstrati~ 

of the'OOD Aut~_rnatic Data 

00D~Directive 601'.l 
Processing Program 
En\•ironmental Consiaerations 
in DOD Actions 

DOD Directive 7000.1 Resource Management"Systems 
of the DOD 

DOD Instruction 7000.2 Cost/Schedule Control System 
DOD ln~truction 7000.3 Selected Acquisition Reporr 

DOD Instruction 
(SAR) 

709Q_.6 ~~agement System,Control 
00D f!lstruc;tion ·7045.7 , The Planning, Programpling 

DOD Manual 
.and Bucfgeting System 

7110-1-M 'DOD Budget Guidance ·Manual 
Armed Services 

i.o NAVSTARGPS 

2:.l OVERVIEW 

NAV5TAR GPS· :is currently in Phase II (Full-Scale Engineering Devel~pment 
(FS~D)) which includes initiating t~ development of prototype user ~ipment, 
initiating the .prototype satellite, and c,ontroJ station production, and initial 
operation& ·test and ~vaJ~tJon (IOT&E)·-ot user equipment. In keeping with the 
desire to support the. broadest poss~ble· ,civil ust of NAVSTAR GPS consisten,· with 
-national security,. :activities will be !Jndertaken. by D0D to assure the proposed 
.~edive i.lvailability pu_licy (poo Supplement) is fully implemented with the 
development and· acquisi~~°" (proce~. DOD •Will continue to work with· civil 
agencies -in'"support of-plaming ~ activities r~quired to ,define future civil use of 
NA VST AR GPS. 'ffie· DOD/DOT Jnteragency agreemtnt prov.ide~ for DOT 
representation at the Systems Progra•n -S)ffice (SPO) ,and coordination/information 
transfer of the findirtg·of the NAVSTAR GPS devel9pme.nt program. 
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2.2 PHASE .I_J: FUlL•SCALE ENGINEERING DEVELOPMENT (FSED) 

2,2.l Space Vehide 

To insure. ~h!;t a minimum of: five 'satellites are avaiJabJe for Phase II Development 
Test and Evaluation (DT&E) and Initial OperationaJ Test and Evaluation (IOT&E) a . 
runber of replenishment satellites will be acquired- from the Phase I 
(Demonstration and Validation) supplier in FY-79 a.{t~ Milnt9,ne II (DSARC H -
.lune J979). This sateUite constellation wiJJ provide apporximateJy ·four hours per 
~Y of test time over the Western United' States. Atlas E/F and the stage vehicles 
required to launch the repJenishment sateJJites will aJso be acquired. 

The Joint Program Office (JPO) will contract with the Phase I developer to 
'4)grade -the Phase I satellite to a shuttle compatible, survivable configuration. 
Provisi~ns to qualify a second production source are also contemplated for this 
contract. 1~ upgradec;t sateJHte wUJ ·be the prototype of~~he prod~tior. NAVST AR 
CPS satellites to be acquired in Phase III (Production and ~ployment). 

2,2.2 Operational Control Segment (OCS) 

The OC$ will consist of a 'NA-VSTAR eontrol Center (NCC), moniJor stations, and 
an Alternate ConttoJ"'Cen~er. In order to maintain competition during the design 
~' Phase- II was divide1, into two stages. In Stage l, three contractors were 
selected (in December 1971) to complete ~CC/monitor ~tation designs t:,rough 
Preliminary Des_ign .. Review (PDR). After P.DR (19~0) and Milestone 2, the single 
Stage 1 contract~r with the best overali··prt;liminary design, inguding design..to­
'Jife-cycle-cost (DTLCC) considerations, will 1:5-e selected to continue~as, the Stage 2 
contractor for NCC development ~ deployment. An Alternate Control Center 
will be acquired after Milestone 3 (DSARC III - JuJy 19&~) to augment 'the NCC; 
however, it will ~ eitller the Phase I Master ControfStation or a new site. ~ 
location of the Alternate Control Center and t~ acquisition appr9ach depend on 
Jif e-cycle-cos~ trade.;.offs to be .made during Stage 2. Modifications to the OCS 
designed to increase automation and reduce life-cycle cost are also to be 
undertaken af te~ Milestone 3. 

2.2.3 User !:quipment 

Pt?ase D includes the paralleled full-~c:;ale engineering development of a family· of 
user·equil""ent. Emphasis will be on required performMce capabUities ~ ease of 
integration .with host vehicles at the lowest . Jife-cycJ~-cost. Commonality of 
modu~ across -,JI configurations is the goal~ ~ or<ler to provide maximum 
competition f« this development, Pha~ II was brol<en in,o •~ DA and .US for 
User Equipment. In Phase DA, four contractors were competitively awar~ecl tirm 
fixed-price contracts for preJif'l'.'Jnar J design of User Equipment. foUowing> .tt'!e 
paraJJel design effort, two of the :Phase IIA contr:actors w~l t;e -competitively 
chosen (after Milestone R) to complet~ development of pro~ty~ ~r ~uipmen~. 
A sufficient nur.nber of user equipment sets wjll be deve~; for testing by' 
independent service test agencies. Test results"Will be used in evaJuating·proposals 
for selection of the·Phase Ill user equipment prod~ion contractor(s). 
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2.3 PROGRAM GOALS 

2.3.i Technical 

Key operational anct technical goals for the GPS proJram are as follows: 

A. 

~ 

OperaUonaJ 

1. 

2. 

B. 

3-D Position Accuracy of 
User Equipment 

J6m Spherical Errcr 
Probable (SEP) 

Prototype Pha~ D Satellit~ 
Mean Mission Duration 

Systems Availability* 

Technical 

1. ~ted Grour! Power 
(End of Life) @ S ~EL 
Ll (P CODE) 
L2(P CODE) 

2. 

3. 

4. 

Clock Stability (T =1 day) 

User Equipment Reliability 
MTBM (AFR 80-.5) 
Airborne 
Ground 
Sea 

User Equip'!lent Maintainability 
M~an Man Hours to Repair 
Airborne 
Ground 
Sea 

6yrs 

160 dbW 
163 db'I' 

2x10-13 

.S.50 hr 
&.50 hr 
900 hr 

1.3 hr 
1.2 hr 
1.3 tir 

Threshold 

+Sm (SEP) 

-limo 

-1096 

-3d8 
-ldB 

+2 X 10 .. 1) 

27.S hr 
42.5 hr 
4.50 hr 

2.4 hr 
2.2.5 hr 
2.7 hr 

• Availability; of signal source needed to provide 16 meter SEP to users uniformly 
distributed on or,-near the earth. 
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2.3.2 Schedule 

Major schedule dates in each of the program segments are as follows: 

A. Space Segment Planned,Date Threshold 

~ RepJenishment Satellites 

o C::ontract Award Nov79 N/A 

- Operational Prototype 

o Block Change July '80 ,N/A 

o OPS/QTV* Launch (1st STS 
Launch) NQY '84 NIA 

B. Control Segment 

o Development Contract Sep '80 N/A 
Award 

o Launch Support for OPS/QTV Nov '84 'N/A 

o GPS/CSOC capability Nov '8.5 N/A 

c. User Segment 

o Phase DB FSED Contract 
Awards July '79 

o IOT&E (START) Jan '83 +9mo 

o First, Production Contract 
Award Oct '83 +9mo 

* Qualification Test Vehicle. 
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D. Progra_~ 

o QSARC ~fl(~) Oct '81 +9 mo 

o DSARC me (User F.quipment) Sep'8~ +9 mo 

f o Initial Tw1> Dimflllicnal 
Worldwide (12 satellite) 

J ('~ty 3rd Qtr CY '88 +9 mo 

! o Thr'H fi!~~Oll-J.~Capebillty 
(&lfilllte coniteDation 

i :t_-,er•ed· to· 18' 

t Jafelllt•> 4th Qtr CY '87 +9mo 

' 
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2.• TEST PLANNING 

By the end of Phase D, there are certain,questions and areas of risk which must be 
resolved. Concerning development, it must be determined whether NA VSTAR GP.$ 
user equipm~t can (1) be designed and built to integra~ efficientJy .jnto a wide 
range of user equipment vehicles; (2) achieve the level of immunity to jamming 
required= by the m~litary ·mission at an affordab~ cost; and:. (3) demonstrate tbe 
minimum acceptable values fo, the reliability and maintainability char•cteristics 
prior to (Milestone 3.. The accomplishment of these objectives will determine 
whether NAVSTAR GPS user equipment can provide adequate positioning, 
navigation, and timing information to accomplish typical missions and operations in 
a more effective manner foe each of the individual services' specific requirements. 

2 • .5 TEST OBJECTIVES 

2 . .5.1 General 

Since Phase II navigation equipment wiJ.! be prototype of· •opercltional equipment, 
the primary emphasis will be the _p,mt;ined Development Test & Evaluation/Initial 
Operational Test and Evaluation (0T.!cE/IOT&E) of the user equipment integrated 
into the K>T&~ host vehicles. '·The DT&E Md IOT&:E test ,objectives li~ted below 
will be used in planning the actual test events and scenarios to be accomplished in 
the combined test programs. The Air Force has the lead responsibUity Jor t~e 
dev~opment of the Ni\VSTAR GPS system~ This inc.lades the DT&:E and IOT&E to 
satisfy all service objectives. 

2.5.2 Phase U DT&:E Objec1iVes 

A. 

B. 

c. 

o. 

E. 

F. 

G. 

Quantitatively me~sure the performance of the navigation equipment 
and com~re with the development specifications. 

Verify that the installed NAVSTAR GPS user equipment is ready for 
IOT&:E. 

Identify any engineering design deficiencies which can be eliminated 
to reduce Life-Cycle Costs (LCC). 

Provi~ estimates of syst~m reliability and mailltainability to be 
expected when the operational system is -deployed. 

Determine by analysis the ability of Control ·Segment satellite 
commands to overcome a jammin~ envir~ent. 

Determine by analysis the capability of~the satellite command system 
to reject non-authorized communications. 

Identify and track deficiencies and improvements during the entire 
Phase D test effort. 
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2.SJ Phase lJ IOT&:E Objectives 

A. Air Force Objectives 

1. Evaluate NAVSTAR GPS operational effectiveness to include: 

2. 

a. General navigation capabili~. 

b. Ordnance delivery capability. 

c. Aiding Radar Bomb Scoring (RBS) missions. 

d. Ability to be used as a landing approach aid. 

e. Aerial survey and reconnaissance navigation capability. 

fl. Capability ,to provide navigation data (in common coordinate 
reference) ·for air-to-surface operations and air-to-air 
operations rendezvous. 

g. Estimation of integration effectiveness with host vehicle • 
component and systems. 

J\. Software operational effectiveness. 

i. Identify and track deficiencies and improvements for the user, 
space and control segments during IOT&:E. 

j. ·Adequacy of flexibility of satellite constellation replenishment 
plans. 

Measure the· impact on system operational effectiveness, in terms of 
navigation accuracies, as a resutt,of: 

a. Norm~ control and SP,ace segment opecations such as satellite 
upload, satellite orbit adjustment and satellite momentum 
dumps. 

b. Extended time periods between satellite uploads<. 

c. Loss of data from one or more monitor stations. 

d. Jamming of uplink to or downlink from sate:1,ites. 

e. ·Navigation with fewer than four sat~Jlites in the various 
modes of user set operation (such as inertial •iding _.and 
altitude hold). 
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f. Control segment sabotage ·(for ·several hypothetical tevels of 
severity). 

3. Evaluate user, space and control segment o~ational suitability to 
include: 

a. Reliability 
b. Availability 
c. Maintainability 
d. Supportability 
e. TraiQing 
f. Hum~ Engineering 
g. Operations Maintenance Procedures 
h. Software' 

4. Provide information for developing and refining tactics and doctrine. 

8. Army Objectives 

.l. Obtain data to assess the mission performance of the user equipment 
in ~ representative operational environment. 

2. Obtain data for .assessment of the operational reliability, availability, 
and maintainabiJity (RAM) of the user ,equipment in a realistic 
operational environment. 

3. Provide data for the assessment of the logistical support concept. 

4~ Provide information to assess the wlnerability of the user-equipment. 

5. Provide information to assess 'the adequacy of · proposed doctrine, 
tactics, organization and training. 

6. Provide data to assess operational human factors. 
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c. Navy Oti)L.:~i~ 

1. Genera~ _d,tjcient,· data to support firm recommendation on approval 
for servio..:·use. 

2. .Determine NAVSTAR GPS user segment operational suitability and 
military utility. 

3~ Identify any operational deficiencies or requirements for 
modification. 

In additi017, IOT&E testing must yield data on: 

l. The probability of fast acquisition and re'reption aboard-a submarine 
at periscope depth at sea with a representative rang~ of sea ~tates, 
antenna heights~ and satellite elevations. 

2. ~ probabilities of ,fast acquisiti90 and erroneous· data in the severe. 
RFI environment of an aircraft carrier during flight oper~tions . 

.3. The mission reliability and the ratio of maintain-to-operate ho~Jrs in a 
carrier-based aircraft environ_ment including gltapult launch, 
arresting landing, fast warmup and erratic power. 

4. The operatiooal availability including the ,mean time betw~n failure 
(MTBF). time to repair, and probability of need~ parts being 
·available u~r a full range of main~enance environments that prevail 
for carrier aircraft, submarines, shore-ba.sed aircraft, and surface 
ships (consistent with the DTLCC goals). 

5. The resistance of the system fo jammi~g or \!..C!Ception by a 
sophisticated enemy possessing full knowledge or signal structure but 
not knowing the cryptographic key. 

6. The capability of navigation suites in ships and aircraft NAVSTAR 
GPS, receivers integrated to meet the accuracy, timeliness, and 
reliability requirements established for each particular ship or 
aircraft type, as outlined in the U.S. Navy Navigation Policy 
(OPNAVINST S.3.3,0.1). 

'7. The- effects on speed of re-acqui~ition and subsequent ~vigation 
error resulting from the maneuvering.of an attack or fighter aircraft. 

D. Marine Corps Objectives 

Marine Corps objectives are included in other Services' objectives. No unique 
objectives have been ldentif ied. 
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l.O TRANSIT 

U~r the aegis of DDR&E (now tile Under Secretary of DefenR for ResNrch ~ 
Engineering), the.,Navy initiated a rRANSIT lmprovem~nt PrC?Sram (TIP) in 1969, 
The TRANSIT sa,~mtes were to use the -most recent techoology tiut were to be 
fully compatible with existing user equipment. Three developmental TIP satellit~~ 
have been launched, and all R,E&D objectives have been met. The TIP program is 
now into production, The on!y remaining development is a low-level effort ·to 
provide Space Shuttle compatible satellites. 

4.0 MICROWAVE LANDING SYSTEMS (MLS) 

4.1 OVERVIEW 

As ,the DOD lead.service for the Joint Tactical Microwave Landing Systen~ (~TMLS) 
progr~m, the U.S. Army is responsible 1or developing and testing a milit~ize«:t 
man-transportable MLS ground stbsystem an<I associated avionics for .potential 
tactical application by the services. Current plctns-·cll'e to award a contract for the 
design and development of advanc~ develop1pent (AD) models of the JTMLS 
grou~ and avionics subsystems during FY -80. This activity is part of the Natj9"al 
Plan for Microwave Landing System that was authoriied by Congress in 1-97.2 and is 
administered through the Federal Aviation Administration (FAA). The objective of 
this program is to ensure 1hat, within the scope of responsibility an~ the funding 
authorized to the FAA, maximum progress is made toward providing the DOD with 
an operationally effective tactical MLS design. The,DOO's criteria for operation~ 
effectiveness in this cas~ are: 

o Interoperability between any MLS avionics and any MLS ground 
installation, civiLor military~. 

o Perf91"mance accuracy in compliance with MLS standards and tiler 
stated military requirements. 

o DOD's reliability, maintainability, productivity and life-cycle cost 
goats·. 

o Demonstrated achievement of size, weight and human factor goals. 

o Steep approach flight capabilities, STOL and V·TOL projections! 

4.2 SERVICE OBJECTIVES 

4.2,1 Army 

At the present time there exists a serious void i'l ,the approach subsystem nece~y 
to ~atisfy the Army's Air Traffic Management System Material Need (A T".'S MN). 
Ther~fore, to comply with ,the Army's ATMS MN requirement for a tactical 
approach subsystem, it is planned to develop and field a tactical MLS for the 
family of present and future Army air.craft systems, The principal tactical 
approach and landing -system c;:urr~ntJy used by the Army is the ground-controlled 
approach (GCA) radar system. The GCA equipment is heavy, cumbersome, Jimiied 
to 200-foot decision height operation. and requires a highly skilled, ground 
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controller. Early dev~opment and fielding of a new, modern state-of-the.art 
t~tical landing system, such as the JTMLS, will meet the majority of Army 
aviation instrumented tactic;al and non-tactical landing needs ootil at least the 
Year 2000. 

'IJ.2.2 Navy 

To accomplish its as,.igned mission, the Navy has identified the requirement to 
employ naval cai'rier-basedcaircraft capable of executing around-the-clock (night 
and all-weather) ~ir defense and attack missions. In order to provide for \he safe 
retwn of these aircraft to t~ carrier, t~ Navy developed t~ all-weather carrier 
landing, system (AN/SPN-lf2) which .is currently employed a~d .1,3 aircraft 
~rriers .and installed at 6 air s,a\ions for airct~w .training. The prototype 
ship-board ~LS must meet or exceed the same requirements currently being met 
by the SPN-lf2. To accomplis,t the l~ng requirements, the carrier land~ng system 
must be capable of automatically controlling aircraft to ·touchdown within 
specified landing dispersions under ship motion and turbulence. It must s~ deck 
motion, stabilize the ~tenna or the signaJ in space, and generate and transmit 
coordinate translation ~ta to compe!Y»'ate•for siting offsets and deck motion. 

11.2.3 Air Poree 

The US"F operates W9fldwide to accomplish its· mission of defense of the United 
States. The naiure of the mission requires that USAF aircraft use not only U.S. 
military and civil air traffic control and navigation facilities, but also those civil 
and military facilities of allies and facilities that may be available from nonaligned 
nation~. The USAF has traditionally depended upon Precision Approach Radar 
(PAR) and ILS/T ACAN to provide _guidance during the approach and landing phase. 
PAR is not universally available, therefore, it is increasingly necessary for the 
USAF to make use of t~ standard navigation and l~ing aids as defined by the 
International Civil Aviation Organization (ICAO)! This interoperability is currently 
manifested in the additional implementation of ground and airborne ILS~ The US~F 
will1 continue to implement those approach and landing aids that are interoperable 
with standard national ~ internatio~ civilian aviati~n systems. Air Force 
requirements range from those desiring a limited capability at mi~imum CQSt to 
those requiring soptlisticated equipment capable of providing fully autom~tic 
approaches ~nd Jaridmgs. 

4.2.4 Marine Corps 

Marine Corps operational requirements are documented in CNO SOR 34-26, 
"Marine Remote Area Approach and Landing System (MRA.ALS),", and CNO SOR 
.34-i2, "Marine Air T~fic Control and Landing System (MATCALS)."· Since MLS is 
designed as the replacement for• ILS/GCA/CCA, to satisfy Marine Corps require­
ments it must be suitably adaptable to provide precision approach and navigational 
guidance to fixed-wing, rotary-wing and other V /STOL aircraft in remote areas, 
expeditionary airfields and ~ixed bases. The Marine Corps has defined :those 
requiremen~ which .. wm be met with MRAALS and MATCALS and must be met. 
with the ~ilitary MLS, a5 a minimum, to satisfy Marine Corps needs. Marine Corps 
requireme~ts for approach ~ landing navigational systems are directed at a 
capability to conduct flight·operati~s in all-weather conditions thereby achieving 
a DOD goaJ of increased aircraft sortie rates. 
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lf.J TEST AfiD EVALUATION 

A Coordinatea Test Program (CTP) for the JTMLS will be developed to define the 
comprehensive test and evaluation, program that wm be pursued during the 
devel.opment of:' the JTM~S. The CTP wm be developed by a Test Integration 
Wo~ng ~roup (TJWG) which wiU include representatives from aJl the mil_itary 
services. ~m~ will be placed on elimination of duplicate testing in order to 
minimize f e~t\tost. 

The prim, objective of the JT~LS test -~gram will be to evaluate the overaJi 
system performance in s-?veral ·tactical and civil environments and to evaluate 
critical parameters such as the D"E, multipath effects, conical coordinates and 
split site/coUocated requirements. 

Ouring •• advanced development, t~ equipment will be subjectecj to Army OT-I/OT-! 
JeyeJ of testing. These tests wiJJ be coordinated with the overview by the Test 
Integration Working Group (TIWG). 
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