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times for maintenance becomes less of a problem. Used in conjunction with Omega
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The report is presented in three separate volumes . Volume I presents the executive
summary and Volume U presents the detailed technical analysis supporting this
summary. Further supportive material is presented in the appendices which make
up Volume III.
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I. INTRODUCTION

Volume I is the first of three volume s entitled , “Loran-C ,

Omega , and Differential Omega Applied to the Civ il Air Navig-

ation Requiremen ts of CONUS , Alaska and Offshore. ” This volume

presents an executive summary of the navigation system evaluation

presented in Volume II and sL , ..ted by detailed appendices pre-

sented in Volume III. The executive summary appears in the same

format as the detailed technic al discussi on of Vo lume II . The
format begins with a statement. of the primary objectives of the

study . This is followed by a summary of the navigation system

requirements and an evaluation of the degree to which Loran-C ,

Omega and Differential Omega meet these requirements. A signi-

ficant benefit potentially realizable by implementation of the

candidate navigation system is in support of non-precision ap-

proaches (NPA). Hence , a summary of a detailed NPA analy sis

performed as part of this study is also 

included.1



I I .  EXECUTIVE SUMMARY

2.1 OBJECTIVES

The objectives of this study were basically two fold. The

first was to validate the civil air navigation requirements for

the following specific geographic areas :

• Continental United States (CONUS)
• CONUS Low Altitude Off-shore
• Alaska
• Alaska Low Altitude Off-shore

In each requirement area , enroute, terminal , and non-precision

approach flight regiries were considered for both IFR and VFR with

the emphasis on IFR. A requirement matrix was developed to provide

a common basis for defining the requirements across all geographic

areas considered.

The second basic objective was to assess the capabilities of

the following radio navigation systems toward meeting the require-

ments in each of the geographic areas considered:

• Loran-C
• Omega
• Differential Omega
• Use of VLF Communications Signals

2.2 NAVIGATION SYSTEM REQUIREMENTS

As a starting point, the minimum aircraft radio and radio
navigation equipment as specified by the Federal Aircraft Regula-

tions (FAR) is shown in Table 1.

The IFR navigation system requirements for the three areas

considered are summarized in Table 2 in terms of the fo1lo~ ing

parameters:

• Coverage
• Accuracy
• Operational Factors
• Capacity
• Compatibility
• Signal Reliabili

t y 2
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Vertical coverage requirements are based on the cUntrolled

airspace boundaries as illustrated in Figure 1. Horizontal

coverage requirements are based on current and projected air

tr a f f i c  needs .

Accuracy requirements are related to the route width

associated with the route structure in the National Airspace

System. The requirements are the same for CONUS , Alask a , and
Offshore .

Opera tional fac tor s re late to the nav iga tion sys tem inter-
face with the other ATC compon ents , namely , communications ,

surv eillance , and safe ty. Flexi bi l i ty , as used here , has to

do w ith the abil i ty to easi ly accommoda te chan ges in rou te
struc ture , includin g course , altitude and fixes or waypoints.

Reacquisition time relates to the time to activate the navi-

gation system from an inactive state or to reacquire the

system following an interruption . This time is also represent-

ative of an upp er bound for pos ition f ix update rates in that

the maximum time between upd ates is represen ted by the re-
acquisi tion times. The rest of the opera t ion al fac tors are
self explanatory .

The cap aci ty requir emen t is sp ecif ied as being unlimi ted ,

which implies tha t the naviga tion system under consid eration mus t
be able to accommoda te all aircraf t access ing it a t any t ime .

Compa tibil i ty refers to the in terfac e be tween the nav iga tion
sys tem unde r considera tion and all other sy stems within the ATC
system from an operational and electrical point of view .

Signal re l iabi l ity is a spec if ica tion of max imum si gnal
ou tage time accep tab le based on safe ty cons idera t ions .

2.3 LORAN-C SYSTEM EVALUATION

Loran-C was assessed as a potential primary navigation

system , as well  as a supplemen t to VOR/D ME , for CONUS , Alaska
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and Offshore. The primary advantage offered by Loran-C is

total , all-altitude coverage which is not possible with V OR/
DME , and tha t a large par t of CONUS , Alaska  and O f f s h o r e  is ,

or soon will be , covered by the stations servicing the maritime

CCZ requiremen t. The principal drawback is the large area , and
po ten tia l ly lar ge number of aircraf t , affected by the outage
of a single transmi tting station .

Loran-C is a low frequency (LF) hyperbolic radio navigation

system developed by the Department of Defense during the 1950’s

to meet operational military requirements. The first Loran-C

chain , located along the U.S. East Coast became operational

during 1959-1960. Today , there are nine chains opera ted by the
U .S. Coas t Guard throughou t the wor ld , w ith a total of twelve
expec ted by 1980 . Curren t ly ,  there are four cha ins , with a total

of 15 stations , providin g coverage over CONIJS, Alaska and Offshore .

These stations are part of the approved Loran-C network to meet

the Coas tal Confluence Zone (CCZ) mari time requiremen t . By 1980,
the approved CCZ Loran-C network will be completed with the addi-

t ion of five more stat ions for a total of 20 stat ions . The
expected covera ge provided by this ne twork is i l lus tra ted in
Figure  2 .  The addi t ion of f ive  more s t a t i ons  to provide mid-
con tinen t CONUS coverage , as i l lus tra ted in Fi gure 3, has b een
proposed bu t no t approved.

Based on the approved CCZ Loran-C configuration , coverag e

for Offshore and Alaska is complete excep t for the North Slope of

Alaska.  One addi tional station would be required to compl ete
primary Alaska coverage . Given the additional three stations

proposed for CONUS midcon tinen t , primary CONUS covera ge woul d be
comple te. However , addi tional station s would be required for
civil aviation use to meet redundancy requirements in all three

areas . Estimates to meet the redundancy requirements for all

three areas range from 19 to 23 more stat ions.

7
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The demonstrated accuracy of Loran-C is 0.25 to 1.0 nm (RI~1S)
absolute , and 300 feet (RMS ) in repeatability. These accuracies

are more than adequate to mee t the requirement of all phases of
civil aviation requirements under consideration .

Most of the present Loran-C users are either military or

mari time . Military applications include aircraft , ships , manpacks ,

and some land vehicles . Loran-C is one of the options available

to the users of Loran-A , which is being phased out , but , to date ,

there are no low-cost receivers available for civil aircraft use.

Based on accuracy and coverage capab ilit ies, Loran-C could

mee t the civil air navigation requirements as a pr imary sys tem
for CONUS , Alaska , and Offshore. However , the redund ancy issu e
mus t be resolved before the sys tem could be cons idered for civil

air use as the primary navigation system , the p r inc ipal prob lem
being the large area , and potentially large number of aircraft ,

affected by the outage of a single transmitting station. How-

ever , the application of Loran-C as a supplementary system to

fill the voids not covered by VOR/DME , par ticu lar ly  at low
altitude , is more immediately viable. In either case , increased
use by civil aviation will depend upon the availab ility of suit-
able low-cos t avionics .

2.4 OMEGA SYSTEM EVALUATION

The Omega system evaluation was based on the final station

locations rather than the currently operating configuration . The

only difference is that the temporary Trinidad station , which
provides coverage over part of CONUS will be replaced by a per-

manent station in Australia. The Trinidad station is scheduled

to go off the air on 31 March 1978 and the Australian station

is expected to become operational in 1980.

Omega was found to be an excellent candidate for Alaska and

Alaska Offshore with good coverage from four to six of the

10



eight stations , depending on time of year and day . Based on
coverage , signal- to-noise ratios , and geometry , Omega can meet

the enroute and terminal area re quirements over the entire Alask a
and Alaska Offshore region . Pred icted Omega station coverage for

bes t and wor st condit ions is shown in Figures 4 and 5, respectively.

The final Omega system cannot be considered a candidate for

CONUS . As illustrated in Figure 6 , durin g mid summer and m idday ,

a large part of central CONUS will receive usable signals from

only two stat ions wi th a region about the Nor th Dako ta s tat ion
limited to only one station . Recent test data indicate that the

coverage boundary for station F, (Argen t ina) may not ac tually
reach as far nor th as shown on this figure . This means the
Offshore area in the Gulf of Mexico may not be cov ered by more
than two stations for much of the time . Figure 7 illustrates

the coverage expected over CONUS under the best conditions; mid-

night at midw inter .

Omega is an international very low frequency (VLF) radio
navigation system dedicated to providing a global all weather

navigation and positioning capability of moderate accuracy . It

operates in the internationally alloca ted frequency band betw een
10 and 14 kHz . At these frequencies , the earth’ s surface and the
ionosphere act as a wave guide which allows the signals to

propaga te ove r long dis tance s w ith relati vely low attenuation
and relat ively high s tabili ty.

The system is designed to provide all weather navigational

service throughout the world with a transmitt ing complex of
• eight stations. The eight stations along with their identification ,

location , and operating agency are listed in Table 3. The

permanent stations transmit at 10KW which is sufficient power at
these frequencies to propagate a signal half way around the

world and farther under certain conditions .

The Omega Navigation System Operations Detail (ONSOD) of the

U.S. Coast Guard is the responsible agency for the United States.

11

S -- S . —__ 5-.-—



C)
3-.
0

• 
_ _

____ _ _ _ _ _ _ _ _ _ _  

12



C)
5-.

/1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ti
0)

C.)
.~~

C)
00
CO
$14

0)

13

5 - — —



0 11 ~
/~ ~( L

— ~~ \)~~~~ ( 
,

/.4 

~ \
~

-: ~~~~~~
___  4.- I p~ n0 

C
l 

~CS, I I
I 

— 
-

o — I Lt_. 0-‘I I
_ _  I 4.5 0
_ _ _  -

1 
~0

~

, 

Ii

~. 

~~~~~~~~~~~~~~~ “
‘T”1 

L~

_ _ _ _  _ _ _ _  _ _ _ _  _ _  

C- .;
0 ) 5

L I_ _
~~-Ir.~~ — — 117 1

I C /I I / 
~~~~~~~~~~~~ C O C t~I ‘ 

/
o I !r~~— ’  —
I. ’, I
0 =1 = I 

CU— ____ .1--4 T-  ---i
I I ‘0

1 ‘3)=0 0 0 L —

~~~ 0 1 — —-.L.
-4 31) 10_ 

—
~~ I — 

~~ 
— —

.1 1 0_~ .r 0S 

— I C
— — 5 —. 1 (5~7” 1

I •~ % _ _~I _
s_
’..3- 0I — I.’,o 

1’I4~ ________ 
I

3- 
/ 

i/I
/I

/I

14 

*-- --.~~- - - _

5 -



\ \
\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~ 

~~~1

~L—~ 
~~W 

~1r54~_. ~ = ‘ I\cC \ ~

I r i ‘~~~~~
-... 

~~~~~~~~~~~~~~~ 
—- ...~ . 

I — 11.~~~

I I L — ~ 
I 

‘
3 ) )—— .7 I

I ( / 0 14.= 1C.. I / ___
__~ U

o ~~1 / C5 C / ~Lt~ C. )j  CS) 1r ” ~0 I I I— 1 , 
— I E Or ~~~LL CU

- — -I

I C..-

0 0  I I 
C)

o L I C-
~o — ....j. I

‘.5- r-- -- ,-~i~~ ‘ 0 ~~~~~~~-. /
I u.S 

-..5 I t~) 0 ~~ 11

,S I C
— 5•i~ 0

— I I_I,

— ~~ / — — .41.

1 
~~—.j . — 

~~%.•_ 01
U.’ I / /

4- 
_____

0 I /
/

CAll tS __ _ /
/

-- I —

15

.5 - -4 - .  - .  -~~ 5 -~~~~



Table 3

Omega Transmitting Station Network

STATION
LETTER APPROXI MATE

DESIGNATION LOCATIO N L.AT ITUDE/LONG ITUDE COGN I ZANT AGEN CY

A Aidr a. Norway 66425 N/13°08 E Norweg1an Te lecosut unicat ions
Adm ini s tration

B
1 Monrovia . Lib er ia 6°18 N/1O°40 W L i ber ian Department of

Coii,ierce, Indusdry and
Transports ti on

C Haiku. Hawaii 21°24’N/157°50 W U .S. Coast Guard

0 LaMoure , North Dakota 46°2VN/98°20’W U.S . Coast Guard

E Reunion 2O458 S/55°17~E French Navy

F Golfo Nuevo , Argentina 43°O3~S/65~ l l  ~W Argentine Navy

G2 Australia 38~2g S/146456 E Australian Department of
Trans portation

H Tsushlma . Ja pan 34°37 N/129°27’E Japanese Maritime Sa fety
Agency

1. Stati on B, Liberi a , is operated by a U.S. Contractor sponsored by the
U.S. Government

2. A temporary station at Trinidad , (100 42 N/61°38 W), operated by the
U.S. Coast Guard is transmitting in the G time slot. The Trinidad station
will cease operation on 31 March 1978.
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ONSOD oversees U.S. inte res ts in Omega , operates two permanent

stations and is conducting a signal monitoring and data update

program . As part of the ir mon itoring pro gram, ONSOD issues a

weekly s tatus repor t on Omega sys tem opera t ion . The report
is available to users by mail or TWX . An abbreviated version

is also available on a recorded message via the telephone . ONSOD

is also operating the temporary s tation at Tr inidad which is
scheduled to go off the air on 31 March 19 78. Ther e is
speculation that this s tation will remain on the air until the
eighth permanent s tat ion become s operat ional. In addi t ion ,

ONSOD prov ides technical suppor t to the bilateral agreemen t
process for the es tablishment and operat ion of s tations by
hos t nations .

Seven of the eight stations are currently operating on a

permanent basis. Negotiations are continuing with Australia

for the establishment and operation of the eighth permanent

station wh ich is expec ted to be on the air by 1980.

The accuracy of Omega is nominally 1-2 nm (RMS). This is

based on useable signals from three ore more s tations , the use
of predic ted phase correc t ions , (PPCs), and reasonably good line-

of-pos ition (LOP) crossing angles. The LOP geometry over the

Alaska and Alaska Offshore area is exce l lent as illus trated
in Figure 8 providing fur ther suppor t to the viability of
Omega for that region ; The crossing angles of the principal

LOPs ove r CONUS are noteably less favorable as illus trated in
Figure 9.

The propaga tion correc tions (PPCs) needed to compens ate
for the diurnal phase shifts caused by the diurnal variations

in the ionosphere are fairly well unders tood and are being
continually improved as more data becomes available . However ,

there are two other effects which may require more attention .

One is modal interference which could preclude the use of signals

from a given station at nigh t over certain signal paths , part icu-

larly in the wes terly direction from the station . The other

17
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effect is a relative ly rapid shift in phase caused by sudden

unpredictable changes in the ionosphere . The main reason these

pertubations are of concern is that they can cause an Omega receiver

to slip one or more lanes causing an error in the indicated

posit ion .

Omega has been in oper at ional use on mili tary aircr af t
since about 1970 and currently approx imately 300 military aircraf t
are Omega equipped. This number is on the increase since the

U.S. Air Force decision in 1976 to equip their long range

transport aircraft with Omega. Estimates of the number of civil

aircraft currently using Omega is ...n the order of 50-100 but on

the increase. Two U.S. Flag Carrier Airlines have both let

contracts for Omega to replace their Loran-A. In addition , there

are a number of foreign air carr iers ordering Omega .

Omega is also in use in conjunction w ith VLF communic at ions
signals. Two U.S . compan ies are supply ing airborne equipment
of this type of which over 1100 sets have been sold. The combined

use of Omega wi th VLF communica tions signals does provide ade quate
signal coverage and geome try to mee t the enroute requirements
over CONUS .

2 .5 DIFFERENTIAL OMEGA SYSTEM EVALUATION

The application of Differential Omega to the Alaskan ,

Alaskan Offshore , and CONUS Offshore requirement was evaluated .
Differential Omega was not considered for the CONUS requirement
because standard Omega coverage over CONUS is inadequate.

Differential Omega us ing LF or MF, (radio beacon frequency
channels) was found to be a suitable candidate for the CONUS

Offshore requi rement on the Eas t and Wes t Coas t . It was not
considered for the Gulf of Mexico Offshore area because standard
Omega coverage there is inadequate. The aeronautical and maritime

beacon locations and resultant Offshore coverage for the East

Coas t are shown on Figure 10 and for the Wes t Coast on Figure 11.

VHF or other line-of-sight frequencies were not considered for
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£ MARINE RADI OBEACO NS
S A ERONAUT ICAL RADIOB EA CONS AND qANG ES
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Figure 11 Differential Omega LF Stations for Wes t
Coas t Offshore Reg ion
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the teleme try data link for Offsho re because the line-o f -s i ght
range does not meet the coverage requirement. Since Loran-C

has been app roved for the CCZ mar itime requiremen t and mos t of
the stations are already implemented with the remainder to be

completed by 1980 , it is not likely that Differential Omega

will be necessary or desirable for this requirement area.

For the Alaska and Alaska Offshore areas , Differ ential Omega
was found to be a viable candidate for cons ider ation. Th is is
based on the excellent standard Omega coverage over the area.

Standard Omega meets the enroute and low density terminal area

requirements. The addition of Differential Omega will meet the

non-precisi on approach require~ ents as well as provide greater

accuracy throughout the Differential Omega coverage area. Eighteen

(18) Differential Omega stations , based on using LF-HF (radio beacon)

frequency channels), are required for total coverage over the
Alaska and Alska Offshore areas . The Differential Omega station

locat ions and coverage are shown on Figure 12. VHF and other
line-of-sigh t frequencies for the telemetry data link are not
considered viable because of the mountainous terra in and the
Offshore range requirement .

Differential Omega is a system concept , which has been
evaluated , for reducing the pos it ion errors of s tandard Ome ga.
Figure 13 shows the operational concept of Differential

Omega. The ground unit consis ts of a moni tor rece iver at a
fixed , known location, and an uplink transmi tter. The monito r
receiver measures the actual Omega signal phases , and compares
them wi th the nominal phase charac teris ti cs for the known
monitor locat ion. The differences between the ac tual and nominal
phas e measuremen ts are used to genera te correc tion data ,
which are uplinked to Differential Omega users in the service

area . The Differential Omega receiver decodes the correction

data from the uplink and us es these to correc t the Omega
signals measured by the user Omega equipment. For reasonable

ranges , less than 200 nm , there exists good correlation

between the Omega signal errors measured by the monitor station
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Figure 13 Differential Omega Concep t

and by the user equipment, hence , Differential Omega can provide
substantial accuracy enhancement. This accuracy enhancement

is based on having reasonab ly good standard Omega coverage

over the area of interest. Differential Omega can reduce the

errors resulting from propagation phase prediction errors , but

cannot correct for poor phase measurements (due to poor S/N ratios)

or poor Omega station/receiver geometry .
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Demonstration tests. have shown the accuracy of Differential

Omega to range from 0.2 5 nmi to 1 .0 nmi RMS depend ing on dis tance
from the Differential stat ion .

The primary advantage of Differential Omega is that the cost

of adding a Different ial s tat ion is low , thus making it relatively

easy and inexpensive to achieve the accuracy needed for nLn-

precision approach within an area 150 to 200 miles about the

station . Its operation is of course predicated on having adequate

standard Omega coverage over the area of interest.

2.6 USE OF VLF COMMUNICAT-IONS SIGNALS FOR NAVIGATION

The current and p rojec ted use of VLF communic ations s ignals
for navigation over the areas of interest was investigated.

Al though some of the early navigation sets using VLF communica tions
did not make use of other radio navigation s ignals , the current

approach is to use VLF communications signals in conjunction

with Omega signals. In view of rec ent agreements of unders tanding
between the Naval Telecommunica t ions Command the the FAA , this

approach is sound and offers advantages which are not achievable

separately . The combined signals provide a sufficiently redundant ,

s table , and synchronized radio grid about the globe to assure

adequate useable signals anywhere at any time . The redundancy

is particularly important because of the down t imes of individual
s tations for scheduled and unscheduled maintenance .

Based on geometry and signal-to-noise ratios , there should
be at leas t four VLF communica t ion s tat ions providing usa b le
signals at any location and time ove r the CONUS , Alaska , and
Offshore areas which supplemented with Omega signals will provide

adequate redundancy and useable geometry .

The VLF Communication System operated by the U.S. Navy pro-

vides a global , all wea ther , highly redundant commun ica tions
service to ships and s ubmarines . There are ten s tati ons ava i lable
with assigned frequencies between 16 kHz and 24 kHz. Table 4
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Table 4

VLF Communications Stations

IDENT . LOCATION FREQUENCY

NSS Annapolis , Maryland 21.4

NAA Cutler , Main 17.8

NBA Balboa , Parlarna Canal Zone 24.0

NLK Jim Creek , Washington 18.6

NPM Lualualei , Hawaii 23.4

NWC Northwest Cape , Australia 22.3

GBR Rugby , England 16.0

NOT Yosami , Japan 17.4

JXN Helgeland , Norway 16.4

GQD Anthorne , England 19.0
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lists their identification , location , and frequency . High pow er
is radiated , ranging from 100 KW to 1000 KW , to assure high

I

signal to noise ratios at any receiver location . Stable signals

are propagated over long dis tances as a result of the spherical
earth-ionosphere waveguide phenomena similar to that experienced
at the lower VLF frequencies of Omega. However , because of
the higher frequencies , the incidence of modal interf erence is
higher . Consequently , there are variat ions in the propagat ion
velocity and attenuation caused by changes in the height and

dens ity of the ionosphere similar to that observed at the Omega

frequencies. However , these variations do not present a particu-
larly severe problem in terms of accomplishing the communications

mission because of the highly redundant nature of the communications

sys tem. Also , for communications it is only necessary to track

and de tec t changes in frequency and not phase .

Becaus e of the use of the VLF communic at ions signals for fre-
quency and t ime reference in addition to the vital communications
mission , there has been a continuing effor t to improve the s tab ility
of the transmitted signals. By the application of multiple cesium

beam standards for prec ise frequency and phase con tro l at each
stat ion, and the synchronizat ion of all stations to a Universal
Coordinated Time (UTC) , a highly repeatable phase s table VLF radio
covering the globe was achieved. This occurred around 1970 , at

which time the Omega system was semi-operational with four tempor-

ary stations . The po tential application of the VLF Communica tion
phase stable grid to navigation was recognized and a U.S. company
developed an airborne navigation system based on the use of these

signals. The first flight tes t ing of the deve lopmental se t began
in 1970. The sets were designed to track the phase of the carrier

frequency of three or four VLF Communication stations which pro-
vided two lines-of-position (LOPs) in the radio grid network.

Generally, the RF section was designed to receive eight signals ,

Often including Omega unique frequencies , so that the user could
selec t the bes t se t of three or four stations for his intended
route. With the FSK signal fo rmat, the carrier duty cycle on the

28
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average is 50% , which with the high transmitted power provides a
high averag e signal-to-noise ratio , mak ing phase tracking rela-
tively easy. Note that commutation is not necessary as in Omega

since each station is identified by its unique frequency . The re la-
tively easy phase tracking of the VLF Communication signals is

being somewha t complica ted by a change in s ignal forma t to minimum
shift keying (MSK) . Transition to MSL began in 1976 , and al l sta-
tions are expected to be modified for MSK by the end of 1978.

With the MSK format the carrier frequency is not transmitted

and thus cannot be tracked . There are several ways to recover

the apparent carrier phase. One technique is to recover the

message bit format . A simpler technique is to double either

side tone frequency and track the resultant phase. Since doubling

adds noise , this technique requires signal-to-noise ratios greater
than unity which will usually be the case for the high power
VLF Communication stations . Manufacturers of navigat ion avionics
using VLF Communication signals have developed and implemented

means •of accomoda ting the MSK format.

The firs t flight testing of a feasibility model of an airborne
navigation system based on the use of VLF communications signals

began in 1970. Since that time , ove r 1200 aircraf t have been
equipped with navigation sets based on VLF communications signals.
The sets are produced by several U.S. companies. Prices range from

$16 ,000 to $50 ,000. Application was generally found by those

users operating in areas not serviced by any other radio-based

navigation aid. More recently (1976-77), at least two manufacturers

of Omega sets began offering an option to include the use of

VLF Comm signals to augment Omega.

In 1975 , the FAA requested the U.S. Navy to assume a navi-
gational mission repsonsibility for the Navy VLF stations.
The request was denied . Since that time , a better understanding

of the use of the VLF signals for navigation has been achieved

29
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by both par t ies. In Sept emb er 19 76, the Navy informed the FAA
that there is no objec tion to the use of VLF Comm for navigat ion
provided that the stations are not assigned additional missions

as NAVAIDS , and notificat ion procedures of the U.S. Naval
Observatory are satisfactory to all concerned . In addition ,

the FAA sponsored an FAA/DoD/Indus try meeting on 14 September 1976

to discuss the use of VLF Comm for navigation purposes

A preliminary proposed Omega/VLF Approval Requiremen t was issued

and critiqued at that meeting . A revised version of the Approval

Requirement was issued as a NOTAM and an Advisory Circular is

in preparation. In May 1976, the FAA Western Region certified
a VLF/Omega set as primary means of navigation (but not sole means)

for ENROUTE navigation per A .C . 90-45A within the 48 continguous

United States and the Dis trict of Columbia.

2.7 NON-PRECISION APPROACH ANALYSIS SUMMARY

A potentially significant benefit offered by the candidate sys-

tems considered is the support of non-precision approach (NPA)

requirements. This derives -from the wide area and essentially

all altitude coverage characteristics of the systems . The ;charac-

terist ics of the sys tems considered are much the same in regard
to servicing non-precision approaches. For these reasons , a

separate element of the study , which analyzed all systems con- S

sid’ered, was devoted to this topic.

It was found that Loran-C exceeded the NPA requirements for

the CONUS , Alaska , and Off-shore regions . Differential Omega

could also meet the NPA requirements given that standard Omega

coverage is available in the area of interest. Therefore , Diff-
erential Omega could support NPA requirements in Alaska , Alaska
Off-shore, East Coast CONUS Off-shore , West Coast Off-shore , but

not CONUS mid-continent or Gulf of Mexico Off-shore . Standard

Omega cannot support NPA requirements because of inadequate
accuracy . VLF Comm by itself cannot be considered a candidate
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for NPA because the stations are not dedicated to navigation and

are sub ject to unannounced signal interruptions.

Of the 238 airports analyzed in CONtJS mountainous areas ,

it was found that the ceiling minima could be reduced at 123
airports and could be reduced by more than 50 feet at approximately

80 airports (Figure 14). For the rest of the airports , terrain
is not a major fac tor , hence , on the average the published minima
are lower than for the mountainous reg ion . Figure 15 shows a

histogram of the ceiling minima of the 1303 airports analyzed
in the non-mountainous reg ion of CONUS . Ce iling reduc tions on
the order of 50 fee t are ach ievab le at a number of airpor ts through
approach procedure mod if ica t ions such as e l imina t ion of the re qu ire-
ment forcircling approaches or implementation of a final approach

fix.

Forty-four airports were analyzed in Alaska. Of these,

reduc tions in cei ling minima were achievab le at 21. A histogram
of the minima reductions in Alaska are shown in Figure 16.

Addi tional benefits that were found are derived from the

inherent area navigation capability and availability of

extended coverage from the candidate systems . The area navi-

gation capabil ity provides for simplification of the approach pro-
cedure s, from that of using circling app roaches and procedur e

- turns to us ing simple s traight-in approaches. Also , missed
approach and curved approach guidance are available for obstruc-

tion avoidance. The extended coverage provides non-precision

approach service at airports currently not receiving this service.
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2.8 SUMMARY CONCLUSIONS

Based on the approved CCZ Loran-C conf igurat ion, coverage

for Offshore and Alaska is comple te excep t for the Nor th Slope of
Alaska area. One additional station would be required to complete

the Alaska coverage. Given the additional three stations proposed

for CONUS midcon tinent , primary CONUS cover age would be com p lete .
However , additional stat ions would be required for civil aviat ion
use to mee t redundancy requirements in all three area s. Est imates
to meet the redundancy requirements for all three areas range from

19 to 23 more stations .

The demonstrated accuracy of Loran-C is 0.25 to 1.0 nm (RMS)

absolute , and 300 fee t (RMS) in repeatab ili ty. These accurac ies
are more than adequate to meet the requirement of all phases of

civil aviation requirements under consideration.

Omega was found to be an excellent candidate for Alaska and
Alaska Offshore with good coverage from four to six of the
eight stations , depending on t ime of year and day . Based on
coverage , signal-to-noise ratios , and geome try , Omega can mee t
the enroute and low dens ity termina l are a requirements over the
entire Alaska and Alaska Offshore region .

The final Omega sys tem cannot be cons idered a candidate for
CONUS. During midsummer and midday , a large part of the central

CONUS will receive usable signals from only two stations with a

region about the North Dako ta station limi ted to only one station.
Recent tes t data indicate that the coverage boundary for s tat ion
F (Argentina) may not ac tually reach as far nor th as analytica l

predictions would indicate. This means that the Offshore area

in the Gulf of Mexico may not be covered by more than two stations

for much of the t ime .

The accuracy of Omega is nominally 1-2 nm (RMS). This is

based on usable s ignals from three or more s tations , the use
of propagation correc t ions (PPCs), and reasonably good line-of-

position (LOP) crossing angles. The LOP geometry over the
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Alaska and Alaska Offshore area is excellent for providing further

support to the viability of Omega for that reg ion. The cros sing
angles of the principal LOPs over CONUS are notably less favorable.

Differential Omega using LF or MF (radio beacon frequency

channels) was found to be a suitable candidate for the CONUS

Offshore requirement on the East and West Coast. It was not

considered for the Gulf of Mexico Offshore area because standard S

Omega coverage there is inadequate. VHF or other line-of-sight

frequencies were not considered for the telemetry data link for
Offshore because the line-of-sight range does not meet the cover-

age requirement. Since Loran-C has been approved for the CCZ

marit ime requirement and mos t of the stations are already imple-
men ted wi th the remaind er to be comple ted by 1980 , it is not
likely that Differential Omega wi ll be necessary or desirable
for this requirement area. S

For the Alaska and Alaska Offshore areas , Differential Ome ga
was found to be a viable candidate for consideration . This is

based on the excellent standard Omega coverage over the area.
Standard Omega mee ts the enroute and low density termina l area
requirements. The addition of Differential Omega will meet the

non-precision approach requirements as well as provide greater

accuracy throughout the Differential Omega coverage area. Eighteen

(18) Differential Omega stations , based on using LF-HF (radio
beacon frequency channels), are required for total covera ge over
the Alaska and ALaska Offshore areas . VHF and other line-of-

sight frequencies for the telemetry data link are not considered

viable because of the mountainous terrain and the Offshore range

requirement .

Although some of the early navigation sets using VLF communi-
cations did not make use of other radio navigation signals , the
current approach is to use VLF communications signals in conjunc-
tion with Omega signals. In view of recent agreements of under-
standing between the Naval Telecommunications Command and the FAA ,
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this approach is sound and of f ers advan tages wh ich are not a c h i e v e -
able separately. The combined signals provide a sufficiently

redundant , stable , and synchronized radio grid about the globe to

assure adequate usable signals anywhere at any time . The redun-

dancy is par ticularly impor tant .because of the down t imes of
individual stations for scheduled and unscheduled maintenance.

Based on geometry and signal-to-noise ratios , th ere should
be at least four VLF communication stations providing usable

signals at any location and t ime over the CONUS , Alaska , and
Offshore areas which , supplemen ted wi th Omega si gnals , w i l l
provide adequate redundancy and usable geometry .

A potentially significan t benefit offered by the candidate

systems considered is the support of non-precision approach (NPA)

requirements. This derives fr om the wide area and essen tially
all-altitude coverage characteristics of the systems . The charac-

teristics of the systems considered are much the same in regard

to servicing non-precision approaches. For these reasons , a

separa te element of the study , which analyzed all sys tems con-
sidered , was devo ted to this topic.

It was found based on s tudy re sults that Lor an-C exc eeded
the NPA requirements fo~r the CONUS , Alaska , and Of f s h o r e  r egions .

Flight test and other evaluation studies will be required to

substantiate these results. Differential Omega could also meet

the NPA requirements given that standard Omega coverage is

available in the area of interest. Therefore , Differ ential
Omega could suppor t NPA requiremen ts in Alaska , Alaska Off shore ,

Eas t Coas t CONUS Off shore , Wes t Coas t Offshore , but not CONUS
midcontinent or Gulf of Mexico Offshore . Standard Omega cannot

support NPA requirements because of inadequate accuracy . VLF

Comm by itself cannot be considered a candidate for NPA because

the stat ions are not dedicated to navigation and are subjec t
to unannounced signal interruptions.
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Additional benefits that were found are derived from the

inherent area navigation capability and availability of

ex tended covera ge from the candidate sys tems . The area navi-
gation capability provides for simplification of the approach

procedures from utilizing circling approaches and procedure

turns to using simple straight-in approaches. Also , missed
approach and curve approach guidance are available for obstruc-

tion avoidance . The extended coverage provides non-precision

approach service at airports currently not receiving this
service.
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