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PREFACE

This report has been prepared by the Enroute Navigation
Branch of the Navigation Division of the Systems ~esearch
and Developmen t Service. This effort is sponsored by the
Air Traff ic Control Service under FAA Form 9550.1 , “Study
of Alaskan Air Navigation Requirements ,” LAT-l00-28. This
report deals with both near and far term solutions to the
Alaskan air navigation requirements problem .

In support of this effort , two (2) contracts were awarded .
For this reason , separate additional stand-alone reports
w ill be issued as Volumes II and III.

Systems Control , Inc., (Sd ) of Palo Alto , California , and
their subcontractor Champlain Technology, Inc., of Fort
Lauderdale , Florida , has performed the near term benefit
analysis contained in Volume II . This effor t deals w ith
the near term solutions in greater detail than in Volume I.

The Electromagnetic Compatibil ity Analysis Center (ECAC )
of Annapolis , Maryland , has developed the line-of-sight
signal charts contained in Volume III which include the
VORTAC coverage at various altitudes of existing and proposed
sites. Due to the lack of terrain data north of Fairbanks ,
normally supplied by the Defense Mapping Agency , a special
method using a chromatic extraction technique was developed
by ECAC . This data , in conjunction with present and proposed
VORTAC sites, was then utilized to develop the VOR coverage
overlays.
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EXECU TIVE SUMMARY

The unique environmental problems of Alaska have , in the past,
resulted in a difficult problem in the selection of a cost-
effective navigation system . Air demands to support the recent
oil and other natural resource requirements and the lack of
other alternative transportation modes to service the diverse
population centers result in the serious consideration of
implementing a comprehensive navigation network which cannot
entirely be justified by the resulting increase in traffic .
Alternatives of VORTAC , TACAN , NDB , DME , Omega , VLF NAVCOM ,
Loran-C , GPS , and combinations of the above were considered .
The short term requirements are also defined .

This study recommends that  a short term (NDB/DME/VORTAC )
and long term (Omega/DME) solution be implemented to avoid
the extremely high implementation and O&M costs which a
comprehensive VORTAC system would entail and , at the same
time, allow a progressive replacement of current avionics
(ND B and VOR) with  D i f f e r e ntial or basic Omeqa~ if proven
feasible. This will allow an interim approach of using
either basic Omega or VLF NAVCOM immediately. The DME
hybrid approach would also upgrade the basic NDB system at
selected sites.

A number of VORTACs can be added to those areas which serve
international and interstate traffic. VORTACs to fill in
the hi gh al t i tude  structure by a i r c r a f t  using RNAV equipment
is also recommended . If possible , the implementation of
these VORTAC stations should be delayed unt i l  the new 2nd
Generat ion VORTAC is avai lab le  due to the eventual  plan
to retrofit all VORTAC stations in the near future to
minimize O&M costs.

If Omega does not prove to he feasible due to technical or
economic factors , this  VORTAC a l t e r n ative could be expanded
as necessary until another long term solution is selected .
The use of TACANs instead of DMEs at NDBs is acceptable if
offshore oil platform and other requiremen ts are supported
by a significant demand .
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1.0 BACKGROUND. The advent of oil exploration on the North
Slope of Alaska has shown the inadequacy of the present navi-
gation service , not only in that remote region , but for the
entire Alaskan Region . This report has been developed to
explore the alternatives available for solving this problem
in a timely manner .

There are three major user groups which have indicated a need
for a more precise and reliable navigation system for the
entire A laskan Region for IFR applications:

A. Pipeline installations which are served by independent
air carrier companies. Their operations will use approximately
20 flight strips from the North Slope to the Port of Valdez.

B. The oil drilling operat ions served by helicopter
operations , which are independer c of the pipeline , will
include sites on the North SlopE as well as offshore in the
Gulf of A laska and the Bearing ~ea.

C. The commercial , scheduled air carriers and air
taxi operators, which serve the general population over the
entire sta te of A laska , including Aleutian Islands.

In addition , recogniz ing the importance of air transportation
to the general population in this remote region , the rather
large general aviation group which use VFR techniques in
combination with NDBs should also benefit from this improve-
ment since they may be burdened with a greater share of the
system costs in the future. Decommissioning these facilities
without an adequate substitute would not be in the best
interests of the largest user segment. Exploration for other
minerals and and gas pipline construction through Canada are
other factors which could have significant impact.

Independent of this study, three different techniques are
presently being considered : (1) TACAN proposed by a Sierra/
MONTEK (E-Systems) , (2) DME/NDB being implemented by the pipe-
line interests , and ( 3 ) a network of VORTAC stations proposed
by the Alaskan Regional Planning Group. Although there seems
to be some disenchantment with the very low frequency (VLF
NAVCOM) techniques used by the GNS-200/500 (Global Navigation ,
Inc.) and ONTRAC II (Communications Components Corporation)
because one station critical to the acceptance of VLF in
Alaska has been temporarily off the air , a considerable
number of users are considering or have opted for this
technique. Omega has also been given little attention up
to this time due to the lack of operational transmitters.
Loran-C coverage does not presently include a major portion
of the required area.

1



- - — - —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-—-—---—- ——-—-- ---

It should be recognized that present pipeline installation
and oil drilling efforts will reach a peak within five years
and then taper off substantially. Therefore , a short term
solution is actually required to allow this important acti-
vity to proceed efficiently.

Also , Alaska , as previously mentioned , has other natural
resource efforts such as the natural gas pipeline construction
which will need support over the long term . This aspect must
be considered before a temporary system is implemented that
cannot be practically converted to a long range solution.

2
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2.0 DISCUSSION . In the following discussion , NAVAID systems
will be divided into two general categories: pr imary and
hybrid . The primary system consists of those techniques
already widely used and which are , to some degree , already
in place . Other systems , namely in the VLF-LF frequency
bands , are also discussed since their implementation is
already in progress and will be available in the foreseeable
future.

Although satellites are a factor in the communications
approach of this study, their use in navigation is not firm
due to the fact that implementation has not been initiated
and that avionics costs , espec ially f rom the low cos t user
aspect , has not been adequately defined . This is not
intended to minimize this alternative as the eventual replace-
ment for the VORTAC system . But , the use of the Global
Positioning System (OPS) as proposed by DOD seems to be far
in the future to solve Alaska ’s problem in the next twenty
years unless some strategy using a ground/space combination
is developed that would allow a gradual transition to a
primary space-based system . The problem with this option
is discussed in further detail in this study

.3
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2.1 PRIMARY SYSTEMS .

2.1.1 TACAN . The Tactical Air Navigation System is a
rho/t~-- ta system initially developed for military use and is
still used as an en route navigation system . The range
function has been adopted by the civil sector in the form
of the Distance Measuring Equipment (DME) . The FAA is still
required to maintain this system * in support of DOD and will
continue until a full transition to GPS (estimate 1990+)
e’\~1TroXirflately 700 TACAN stations are presently co—located
with VOR and are commonly referred to as VORTAC stations as
differentiated from VOR/DME stations which do i1ot have the
bearing capability inherent to TACAN .

The TACAN system operates in the 900-1200 MHZ frequency as
compared to the 105-115 MHZ range of the VOR system . This
allows a considerable reduction in antenna size and siting
preparation which was a basic necessity for military tactical
use as opposed to civil requirements. This factor could be
important to the operational environment found in Alaska
especially for oil platform installation where space is at a
premium . Temporary (mobile) installation such as a pipeline
construction site could also utilize this feature.

In general , the TACAN system has a number of attracti\re
attributes besides its compact ground station size. The
airborne equipments are also simplified since only one
frequency is used for both range and bearing which , in turn ,
necessitates only one antenna installation . The effects of
solar and atmospheric disturbances are also minimal as
compared to the VLF-LF frequency band. Past studies have
also indicated that the accuracy of the TACAN bearing system
is better than that attainable with the VOR or NDR systems.
Since airborne components are an integral part of the present
DOD systems , having already passed the development and
implementation phases , their relative cost, as compared to
VLF-LF or satellite systems , arc generally low .

On the other hand , TACAN does possess the disadvantaae of
bein .~ a ‘line—of—sight” system which not only limts its
coverage capabilities , but also increases the reflectivo
properties of its signals. Unlock and filse lock—on problems
are not uncommon . The ultra—hiqh frequency band also requires
relatively hioher power than VOR or NDB stations for equiva-
lent coveraoe. In addition , the bearing (theta) avionics
capability —I nn s not oxist outside the DOD aircraft fleet

*both bearinc and range

4



and would require a substantial investment by the civil
community. A system has just recently been marketed by
Sierra Research , Inc., the SANS 705 which is depicted in
Figure 1. The reliability of high f requency/pulsed sys tems
is often criticized but they do have the capacity to be
designed using digital techniques with automated buil t in
test equipment (BITE) which would lower MTTR and , in turn ,
maintenance costs.

AnotheL consideration , even though remote at this time ,
is the fact that “L” band region is a very attractive
f requency and is presently being actively developed by
DOD for its future Integrated Communications/Navigation/
Identification (ICNI) systems. These systems are being
designed to be compatible with TACAN and future developments
involving air-to—air and ground—to-air data links. In
addition , the FAA is currently investigating the feas ibili ty
of precision DME , high capacity DMF and diqital data broad-
cast which is compatible with the TACAN system and possibly
with GPS/NAVSTAR.

Tests have been conducted at a number of difficult sites
with the MONTEC AN/TPN-26. Figure 2 is an illustration
of this equipment. These tests were performed at Cook
Inlet , Anchorage , Valdez , and Kenai. Similar tests have
been held at Aspen , Colorado , in conjunction with Aspen
Airways. It is understood that the Alaskan tests were-
quite successful but this fact is not confirmed at this
time . Operations by Aspen Airways has been approved after
some modifications to the ground equipment. The model
with a shelter is now marketed at the M-6000. Also , one
of the major oil rigs in the Gu lf of Alaska shall a lso
utilize this system .

A number of developments have also been recent ly completed
by FAA/SRDS . These include the development of false lock-
on modifications , solid-state retrofit components , an
improved weather radome (See Figure 3) and an improved
an tenna with a higher siqnal gradient. Antennas and
electronic ground equipment modifications to double the
available frequency channels have also been developed
(Y—Channel)

The development of a digital solid-state TACAN with an
automated remote monitor/diagnostic capability has also
been initiated by the FAA . This development , if success-
ful will m in im ize the ma intenance problems which are a
serious constraint for the type of remote sites common
to Alaska . Figure 4 depicts a solid-state DME recently
developed for the FAA for terminal applications.

5
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2.1.2 VOR. The Very High Frequency Omni—Directional
Range (VOR) is a theta (bearing ) system . Range (rho) data
is furnished by either a DME or the range subsystem of a
co-located TACAN equipment. This frequency band (VHF),
as prev iously sta ted , does have the advantage over the
TACA N (L) band in that its se rvice vol ume is larger for
an equivalent radiated power. In addition , its low
frequency continuous wave operation has historically been
the more reliable system as compared to TACAN , both f rom
the airborne and ground equipment aspect. Also , VOR is
probably the mos t common nav igation avionics installed in
aircraft at this time , which is obviously important frr,m
a user ’s standpoint. Its frequency relation to the
commun ica t ions frequ enc i es are an add ed eco nomic benefit
from the installation and common circuit aspect.

On the other hand is the fact that this system (as well as
TACAN ) has line-of-sight li mitations. This would require
a considerable number of VORTAC stations to cover the
Alaskan Region . VOR siting is also more difficult than
TACAN which requires a considerable amount of site prepara-
tion as well as a large coun ter poise . Th is naturally
requires land access to the site for construction equip-
men t and a s ignificant amount of foundation preparation
which is ex treme ly expen sive in th e A lask an Region. The
effects of snow and ice also cause considerable problems
in the siting area .

Figures 1-1 and 1-2 are the locations of the current and
propose d VORTAC si tes recommende d by the A laskan Regio n .
In order to determine the signal coverage resulting from
this dep loyment , a contract was awarded to the Electro-
magnetic Compatibility Analysis Center (ECAC) in Annapolis ,
Maryland . This effort , using an automated techn iaue , pro-
duces coverage plots at different altitudes. This process
uses terrain data produced by the Defense Mapping Agency
(DMA) of DOD. Unfortunately, those areas north of Fairbanks
have not been processed and DMA could not develop the required
data in time for this study . Theref ore , ECAC manually pro-
duced this data from color-coded topography maps. The
results are shown and discussed in Volume III.

Research and Development efforts to minimize some of the
above-mentioned system deficiencies have been recently
initiated . These include the development of high qradient
st~ rked antennas (5—bay) for use in difficult sites in lieu
of Doppler VOR. Also , the development of highly reliable

~ol id- :-tI t e VOR with an automatnd monitor and diaanostic
cat~abi l it i_ s also presently in process.  The development
will reduce maintenance costs significantly and will make

10



VORTACs much more attractive for use in an environment
such as found in the Alaskan Region. Figure 5 is an
example of a 5—bay stacked array which will be evaluated
in the near future . Previous efforts to develop this
type of antenna have not been successful due to excessive
bearing errors. Major advances have been made to minimize
this effect but additional evaluations are necessary.

2.1.3 NDB. The FAA currently maintains approximately
57 Non-Directional Beacons (NDB) in the Alaskan Region .
About 85 others have been installed or are maintained by
other government agencies which include the Coast Guard ,
Navy , AEC , Air Force , and the FCC . Figure 6 dep icts the
location of these facilities. Bechtel , Inc ., in conjunc-
tion with Alyeska Pipeline Service Company , is also under
contract with Wilcox Division of Northrop, Inc., to install
this type of NAVAID at selected construction sites along
the oil pipeline. It should also be recognized that NDB
deployment throughout the United States is quite extensive ;
numbering approximately 500. Therefore , avionics and ATC
procedures are quite commo n as well as p ilot awareness of
the system ’s capabilities.

Despite these obvious advantages , a number of problems
are prevalent to these low frequency (LF) systems (200 to
400 KHZ). Although an aircraft equipped with a direction
finding rece iver us ing a loo p anten na ca n ach ieve beari ng
accuracies of approximately 1.00 under ideal condit ions ,
needle swings of 200 could be encountered in the service
area and 100 in the final approach sector . Studies have
indicated that this phenomena is very sensitive to the
remote terrain features in proximity to the aircraft and
is only sli ghtly improved with site selection or modification.
In addition , monitoring bearing errors from near field monitors
hav e proved to be difficult and not indica tive to the stations
overall operation . This requires frequent flight checks and/or
field monitors with their attendant high costs. For these
reasons , automated - remote monitoring techniques for NDB5
are not being actively developed .

Weather and seasonal ground conductiv ity problems also limit
the reliability of a NDB based system . Sky effect problems
have also been noted which are a serious problem in frequency
management and could drastically limit the further expansion
of this technique. Since only bearing data can be derived
from these facilities , pilot workload , coverage gaps , its
inherent instabil ity due to terrain and weather factors
makes this technique (NDB only) a rather unattractive long
term solution .

L .~~~~~ 
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But , the extensive deployment of these aids , the ease of
implementation , and the large existing user base , espec ially
in the general aviation community, make the retention of this
system very attractive for the near term . The pipeline selec-
tion of this alternative underscores this point.

2.1.4 VERY LOW FREQUENCY (VLF) COMMUNICATION SIGNAL
NAVIGATION _ (~~AV~~OM) . The U. S. Navy operates a numbef~~ivery low fi~~~~ency (VLF) transmitters for communication
with the fleet. Radiated signals are of high power and
are highly phase-stable because of their control with atomic
oscillators. Two companies (Global Navigation , Inc., and
Communications Components Corporation) have developed air-
borne equipment that makes use of the communication signals
for the navication of aircraft. Each signal transmitted
is at -:i different assigned carrier frequency. The airborne
unit has nine to twelve separate receivers each permanently
tuned to one of the VLF station frequencies. The computer
protion of the airborne equipment uses the relative phase
measurements of each selected signal to track aircraft move-
ment from point-to—point and to present appropriate flight
progress information to the pilot. Navy transmitters arc
located in Maine, Washincton State , Maryland , Panama , Hawaii ,
Japan , and Australia; and are operated by Navy personnel or
under Navy supervision (See Figure 7) . VLF si gnals from
t h e  U. K. station at Rugby and a ~‘orwecTian station at Bodo
are also used for navigation . All of these stations are
in full operation and have been for some years. Airborne
eeuipment is in fairly widespread us~- in the business air-
craft and helicopter communities; manu facturers estimate
that more than 800 units are ~ resentl\- installed . Cost of
airborne units have ranged ‘rem $27 ,000 to E45 ,000.

A major consideration in the ~ise of this method is that the
Nay- : has not accepted a navioation mission for their VLF
operations and do not onerate the stations in the manner that
would be most desirable ‘or air navigation . For example ,
there is not always ade-iuate w i r ~~inc of station shutdowns
and each station is off t h -  air ‘~~r several hour - - - at fixed
int erv als (e.n .; - \ ~~- Y y  we -K ) for preventive maintenance~
In additon , there are technic-al characteristics of the VLF
cor~mani at ion siI~nals that have not been full y investigated
which may have a bearing on their use in ~n airway system .
Recent approvals by the FAA Plight Standards Servic to

*Recent aeroements witP DOD have improved this situation ,
but communication is still the prime mission of this system .
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utilize this system for IFR applications still contain
many constraints and require VOR as a backup .

An alternative to establishing a DOD/FAA agreement also
exists which may even be better than a stand—alone VLF
NAVCOM system . This approach would be a combination of
the Omega system and the USN communication station network.
It would combine the navigation mission reliability inherent
to the Omega system and the accuracies and continuou s update
inherent to the NAVCOM station due to their relatively
high radiated power . This approach would , therefore , not
completely obsolete the presently purchased equipment and
a lso provide an immed iate service not prese nt ly ava ilable
in many remote and offshore sites.

2.1.5 OMEGA. Omega is a very low frequency (VLF)
phase comparison , hyperbolic navigation system . Fach Omega
stations will radiate the same three frequencies (i.e.;
10.2 kHz , 13.6 kHz , and 11.3 kHz) on a time—shared non—
interfering basis (See Figure 8) . With VLF signal
propagation characteristics , eight transmitting stations
can provide a worldwide navigation capability . System
Accuracy is expected to be in the order of 1 to 2 nautical
miles 95 percen t of the time . Pre-~ 

- tlv , seven Omega
stations are at full operational status (i.e.; Norway, Japan ,
North Dakot a, Hawaii , Liberia , Argentina , and La Reunion) .
If arrangements can be made with the Australian Government,
the e ighth station will be constructed there. In the mean-
time , Trinidad is occupyine the Australian time slot at a
reduced power level. Since only three Omega stations are
needed for positional fix , (two if a highly accurate clock
is used ) , Alaskan navigation is presently possible with
signals from North Dakota , Norway,  Hawaii , and Japan which
are currently operational. With eight stations it should
be poss ible to receive a t leas t f ive s ignals at any point on
earth. Operation of each Omeca station will be by the host
nation; the U. S. Coast Guard will operate North Dakota and
Hawaii. (See Figure 9)

Some airborne Omega equipment is available , but not in
great quantities. Cost of a irborne unit s for use in
commercial carriers is expected to range from ~12 ,000 to
S35 ,000 with the degree of sophisticat ion rela tive to the
price. Lower cost systems below $6 ,000 are also becoming
available. The USAF has contracted for systems of fairly
low cost to be used as a replacement for Loran—A. This
ef f ort shou ld result in cons iderably more activity in the
development of low cost rece ivers. In addit ion , both Pa n AM
and TWA shall make similar purchases in the near future.
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As previously stated in the NAVCOM discussion , there
are a number of advantaqes and disadvantages to VLF
systems. The significant difference between NAVCOM and
Omega is that Omega is a dedicated navigation system
but the radiated power is significantly less than that
of the NAVCOM stations. Also , due to the multiple
frequencies erninating from each Omega station the
probability of reinitiating in fliciht is much greater
for Omega using a difference frequency scheme than
NAVCOM which does not have this capability.

A number of avionic evaluations are currently in
process by the FAA . These include: (1) the develop-
ment and evaluations of 3.4 kHz difference Omega
receiver that utilizes a technique which automatically
eliminat~-s significant propagation errors~ The accuracy
of such a system is not as good. as a normal Omega receiver
hut it is intended as a low cost alternative to Loran—A.
(See F~~~~:-e 10); (2) the evaluation of a low
cost a- -n- -~~~l aviation receiver built h~ D v n e l i  (Mark
III) (See Picure 11 and 12). High cost systems intended
to rt- ~ lace or s-apnlement INS instalIat~~r-n h a v e  also
h~ -~-n t~~~~ t eIi (Northrop AN/ARN—99) with satisfac~ :n :
r e s u l t s .  The success of the loran— ~ rc ;- 1 -~cc : - ut w i l l
probably dictate the extent that ind ependen t ~o~e-a a w i l l
be irinlem ented .

A technique to overcome the effects of  i e~~~s~:tI re move-
r n e n t s  and other anomalies in a local geoqraphin a r ea  has
been proposed by usinci a calibration techni :ue t h a t  i s
comm on l y  known as D i f f e r e n t i a l  Omeg a . ’ The- co ncept  is
simple and involves an Omega receiver si ted on the g r o u n d
n e a r  the center  of the local area  for  wh ich  si o n a l  co r r e c t i o n~ are
desired . (See Fiqure 13) . The an t i c i p a t e d  r a d i u s  of
ope ra t i on  w i l l  be about  l 5 0 — t o — 2 0 0  n a u t i c a l  m i l e s .  ~ i t h
the receiver at a known sitc , the mathematically nominal
Omega signal phase measure-mart values can be calculated ,
or t h e y  can be actually measured over a several day period .
Deviations of the ac tua l  received signal phase from the
nominal values expected for that site can then be automati-
callv calculated by simple methods. When the phase
deviation , or error , for each of the Omega signals received
is known , the information can be broadcast to all aircraft
within range of the ground site for use in the correction
of the Omega signals they are also receiving . Earl y experi-
ments with Differential Omega used voice messages to deliver
phase corrections to the aircraft , but any operational
system could use automatic transmission of the corrections.
Position accuracy in order of 0.25 to 0.5 mile is expected

*This feature has been incorporated in the  USAF purchase
and w i l l  p robably  he incorpora ted  in the commercial versions.
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with the Differential System . These accuracies are
especially important to satisfy non-precision approach
requirements.

At present , the FAA has a contract with the Bendix
Corporation for development of a feasibility model
Differential Omega System . This equipment will help
determine the ultimate utility of this technique and
the most desirable operational system parameters (e.a.;
correction message rate , radius of operation , transition
between coverage areas of two differential stations , etc.).
The Navy has tested the Differential Omeqa system called ,
“Micro—Omeqa ,” developed by the Teledyne-Hastinqs-Raydist
Company. These tests were made on ships in the Chesapeake
Bay area and accuracy figures found were in the order of
0.34 to 0.67 nautical mile to a distance of 80 miles from
the correction stations. The French Government has also
developed this calibration technique and an interest by
the Canadian Ministry of Transportation has been evident
for  t h e i r  remote a r eas  s i m i l a r  to A l a s k a .

2.1.6 LORAN-C.  The Loran-C navigation system is a
low frequency (LF) , pulsed signal , hyperbolic position
fixing aid operating with a 100 kHz amplitude modulated
carrier. The system is comprised of a series of ‘ cha in s . ”
Each chain consists of a master station and two or more
secondary stations separated by distance of up to 600 nm.
Currently, there are operational chains in the United
States; one on the East Coast , one in Alaska , and one in
Hawaii. A new chain is planned for the West Coast and
Gulf of Mexico areas to complete the coastal confluence
requirements -

A line-of-position (LOP) is determined by measuring both
the difference in time of arrival of synchronized , pulsed
signals from a master and secondary transmitting station,
and the difference in phase of the synchronized , 100 kflz
carrier within the master and secondary pulses. The
transmission format consists of a group of eight pulses
(nine for a master station) transmitted in sequence from
all stations in a chain. A phase—coding system is used
in which the phase relationship between the carrier and
the pulse envelope is shifted from pulse to pulse in
tPe grow). This permits the identification of master and
secondary sion-ils and results in cancellation of skywave
c o n t a m i n a t i o n  f r o m  an early pulse in the group . 



- - -~~~ ~~~~--  - - —  - - - -

Line-of-position determination is performed in the receiver
in two steps. First a coarse determination of position is
obtained by establishing a sampling point on the envelope
of each pulse and measuring the time difference between
the sampling points. This measurement is called the
envelope reading . Secondly, a fine indication of position
is obtained by measuring the difference in phase of the
100 kHz signals at the sampling point. This is called
the cycle reading . The two measurements are made in
separate channels of the receiver and final time
d i f f er ence  value is determined by adding the fine cycle
reading to the course envelope reading .

‘
~s in all phase systems , the cycle measurement is arnbiauous
in LOP determination. At the transmission frequency of
100 kHz , one cycle of rf energy represents 10 microseconds;
this cyclic ambiguity results in baseline land widths of
approximately 0.8 nm. However , this ambiguity may be
r eso lved  a u t o m a t i c a l l y  by the  rece iver  as long as the
envelope reading is correct within -t5 microseconds. The
user does not have to count lanes or know his position
‘.-.- :  t h i n -~nrr e r e s c r ib ed  toll rance. The primary cause
of i n ac c u ra c i e s  in this envelope measurement is due to
the fact that d i f f er e n t  frequencies propagate at sliihtly
dL ffer ent speeds (~~hase velocit ’-) , r e s u l t i ng  in a phase
shift of t he  p u lse  envelope with respect to the 100 kHz
carrier. This anomaly is known as envelope—to--cycle

~is’re: i n cy  ( E C D )

d c c a u r k 1  Poran—C i s a u i  sed sv n t e m , th e skvw-ave signal
is scg-arated in t ira . - from the qroundwave . It can be shown
that the first—hop s k y wav e  propagation t ime always exceeds
t h e  qr ou n d w ay e  uropaqation t ime by a minimum of approx i-
mately 30 microseconds. Thus , by time sampling near the
heoinninc : of the received p u l s e , the Loran—C system is
able to resolve t no cround energy from the delayed skywave
allowing nivication solely on the stable uncontaminated
grourdwave oat  to distan ces of approximately 1000 nm.

The r e p e at a b le  t e c -u r a c y  and qroundwave coverage of the
Loran—C uystem is , therefore , not  subject to diurnal and
seasonal fluctu~~ti - -r i s resulting from changes in the earth’s
ionosphere; rather , t h e  accuracy and coverage are determined
by the instrumentation accuracies , system geometry, trans-
mitter power , and ambient noise levels , ground conductivity,
and noise in~ - rfer r i c e .
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Loran-C , along with the ambiguity, atmospheric noise and
solar disruption problems previously noted for VLF systems
is also hiq~ 1y sensitive to single station failure. When
stations fail , as they occasion al ly  do , all aircraft using
Loran-C within an extensive area may he suddenly left
without naviaation. Therefore , for use as a primary
navigation , redundant transmitters and antenna fields
may be required . Since all stations transmit on the same
frequency, channel interference may be a problem if a signi-
ficant number of redundant stations are required . In
addition , sudden station failure detection , especi a l l y
durinci the approach phases , may increase avionic complexity
and cost. Also to be considered is the fact that operation
of Loran in the Artic Reg ions may be difficult due to the
peculiar magnetic/ionospheric conditions found in that
reg ion . Another problem arises from the fact that the
frequency used is not internationally allocated for this
mission , neither are guard bands stipulated to protect
the 100 kHz signals from side bands from adjacent frequencies.
This requires filtering hardware specifically tuned for 

-ional use.

2 .1. 7 GLOBAL POSITIONING_SYSTEM (GPS) . This system ,
also known as NAVSTAR , is presently being developed by DOD
as the eventual all purpose navigation system for the great
majority of its missions. The present operational taraet
date is 1984 . It is capable of real time three dimensional
positioning information accurate to within 10 meters. In
its full operational mode , 24 satellites will orbit in three
10 ,000 nm high subs-;nchronous planes resulting in eight (8)
satellites nor ring. (12 hour circular orbits , inclined
GO to 70 degrees.)

Phase I will consist of 6 satellites. The first will be
developed  by the Nav a l Research Lab (NRL) and will be
identified as NTS-2 , a Navigation Technology Satellite.
it is scheduled for launch by late 1976 or early 1977.
The rem -iininn (5) called Navigational Development Satellites
(NPS-l to 5) will be GPS prototypes. These are scheduled
to be launched beg inning in 1977. This configuration of
six (6) will allow four ( 4 )  satellites to be in view of the
continental I . S. for at least four (4) hours per day.
NT~ —2 rIjffe~~s in that it will also allow testinq of the “L”
band freciuencies selected for this system .

Two ( 2 )  d i f f er en t frequencies using pseudo random noise
are beincr utilized with the higher frequency containincr
the n~ivi qation data. The other frequency will be used
to detect and minimize the effect of electromagnetic
disorrbances. The N P 1  of the operational satellite is 

- 
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estimated to be approximately five (5) years requiring an
annual replacement rate of four (4) to five (5) over a
30—year period . In addition to the satellites , the system
requires a ground complex consisting of 4 monitors and a
master control station . The master station , using the
data supplied by the monitors , will determine satellite
ephemer ides , ionospheric propagation and clock bias errors.
This data is relayed back to the satellites for subsequent
use by the airborne receivers.

Phase II will result in increasing the number of satellites
to at least nine (9) and possibly eleven (11) . This will
allow continuous 20 and periodic 3D capability. This phase
is scheduled for 1982 and would be the first time that
the system will be useable for the civil sector . Full
o)-erational capability of 24 satellites is then scheduled
f°r 1985.

At present , six (6) classes of user equipments are being
developed ranging from a continuous tracking receiver
having four ( 4 )  channels for simultaneously processing
four ( 4 )  satellites (Hi-dynamic) to a sequential
receiver having one or more channels (Low—dynamic) . The
Low-dynamic  receiver  crou n inc ludes  the low cost Class C
vers on which is intended to replace present TACAN equip-
ments and be the basis of the eventual civil unit. Current
estimates for this cu ss ranges from $26 ,000 to $15 ,000 ,
althoucih some sources feel that a $2 ,500 model would even-
tually be a v a i l a b l e nakinq it competitive to a present
VCR ~P’W pac kacr - .

Obviously, a worldwide system in this frequency band would
be an ideal solution for our future navigation needs. Since
the user operates in a passive mode , the system cannot be
saturated . Its accuracy and redundancy is also impressive .
It would also allow a user to equip only to the level neces-
sar~~, starting from a simple 2D single channel arrangement
to a multi-channel 3D or 40 configuration for terminal and
approach applications. Unfortunately, the price of the low
cost version necessary to co-exist with military anti-jamming
requirements poses serious questions. In addition , the t ime
frame for init ial operati onal use does not mee t the A lask an
near term requ irements . The large cos t of such a sce nar io
and the possibility of certain elements of the community using
al terna ti ve techn iques independently1 due to necessity, are good
reasons for a cautious approach in recommending this system . 
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Of course , this concept could be eventually selected to
replace the VORTAC system for all the U. S. as a lana
term so lu t ion . But , with regard to the Alaskan nec is luring
the period that VORTAC remains prime in the contine n t tl C . S.,
this alternative does not seem valid . Althouah , not i r’ar e-
diatelv impacting on the Alaskan oroblem , a unilateral -a ct ion
by DOD to use GPS as the prime N A V A J O  in the  1980s could
reduce the selection of TACAN from both a near ~and r i r  tern-
aspect.

2.2 HYBRID SOLUTIONS . A number  of hy b r i d  or combined
syste~ s are presented in the  following discussion. These
inc lude NDB / DME , Ome g a/ D i f f e r e n t i a l  Omega / OMI T , and RN A V
us ing  VOR/DME i n p u t s .  As exp la ined  in the p r e v i o u s
discussion of basic navigation systems , each techni que
has unique advantaqes and disadvantaaes. Therefore , a
combination of systems is attractive due to three basic
f a c t o r s :

A.  F rom a s a t e t- : -~r e l i a b i 1i tv  s t a n d a e i n t , two independent
signals have an obvious saf -t \ - advant i -~r e .  This rationale
apI-lies to both crround and  a i rb o rn e  equ i : r n en t s .

B. VLF ’LF s-~stems which ore excellent fro~ a siqnal
coverage standpoint have si r nal reliability prob lems due
to propaqation anomalies , solar disturbances , and atmos-
pher ic  no i se .  T h e r e f o r e , to achieve the signal availability
performace of the present VORTAC system (necessary for IFR
o p e r a t i o n)  some other  techn i que  (fre-ruenc ~ band ) is a
d i s t i n c t  p o s s i bi l i t y .

C. The evo lu t ion  of a new nav i c o at i o n  system is a lw ay s
painful since a larcae existinq eruinment investment , both
ground and airborne , must be amortizel . m hjg results in
dual systems being operative over s i q n i f i c n - t  p er i o d s of
t ime u n t i l  av ion i c s  re t  r o f  i t  i s  c() rr ; l et o d . Tnereforc- , f
some sort of l - ~-n i cal  e v o l u t i o n  can be I -cerc-l ish e l b” u s i n - r
and retaining common equipments , such as flNr , this transition
could be g r e a t l y  s i m p l i f i e d .

Also , more s p e c i f i c  t h a n  t he  above f a c t o r ir , the a d d i t i o n  of
the range d imension to a basic bearing s’ ntom such as N D P
and VOR a l lows  a si g n i f i c a n t  irrnrov:-rlent in d e t e r m i n i n a  a
m i n i m u m  approach  a l t i t u d e  ( M D A )  fo r  an a i r p o r t .  This
reduction in ceiling and visihi lit- ’ - requirements is directly
related to the ability to use final approach fix (FAF ) as
s1- -eci fied in the TERPS Handbook.
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- 
. . T .l NDF ~ bT-T . As s t a t e d  in  the  P r e v i o u s  d i s c u s s i o n ,

a I m o - - numbe r of N D R s  a r e  p r e s e n t ly  -le~;-toved in Alaska .
In a d d i t i o n , the pi peline interests have implemented addi—
t era bOBs f o r  t h e i r  con~~truction C t m p s , co—located with
~-NI - - . A number  o f  A l a s k a n  ba~~e i air carriers have also
su~ p 1. -n - -n t - -I  th e FAA sy s t e m  w i t h  bO Bs .

~ h. - a dv a nt a g e s  and d iso;Ivantoaes of each of  t-hese NAVAID5
have  a l so  I t o - n  or e v i o u s l y  d e t a i l e d . Therefore , the  m a r r  i r e
an-I irn;-l -me ntation of this combination is not surprising .

I’ ran u’~- , ‘:M~ c; are commonly used in ALaska and , t i e - r e 4- or . - ,
- a t - i - n c  ivail - ib ilit y and implementation is net a problem .
Al h o o ch  bTb - av i o n i c s  t r e  not  in the ma b ;r i tv of a i r c r a :  t ,
:h e i  -av i la h il i ty  and cost is  r e a s o n a b l e .  I n s t a ll i n c  t h e
~r c f i c i l i t v  is also less of a problem t h a n  a VAR w h i c h

a l~~o e n j c v r ;  a w i d e  a v i o n i c  a d v an t an e .  On the  m i n u s  so le  of
t h i s  r eac h is the f a c t  t h a t  the s i o n i l  r e l i~ab i l it - . i s  not
es: - - c t a l l y  good due to around c o ndu c t i ’~-~ Lv a n d  w .-at her p ro—
b i n s .  Beat i- a c c ’j r a c ’-  ma ’~- a lso f l u c t ua t e  w i d - l y  iu to
~o - ’ r  ~~ n : - r - - - b l e m s . ‘ih . - refore , co— I - n - at m c i  a DV° w i : h  t he  N DB
r ot  -nnl v a d - I s  he ranc.- ( c l i s t  1 r i c e )  :im e n s i o n  t- - t h e  sy s tem

a t  a l so  i l  l o w s  a fail s o f t  posi  t i o n .  The “ L” ban d  f r o r t e n c o
is less - o - : ep t ;b l e  tc- weather t a c t  s and th e  cos~ of s o l i d —
s~ ito ~V-M s is  a l so a ~i t e ra-i sora ti le. Sit i n - a  r c - r  r a t  inn in
a;idi~ ion to  t h a t  n e c e s s a ry  for  he - :rw a r e  -- t s i a r i f i c a n t

i t  is a lso c u n c e i v u l - l e  t h t  t h e  b l i c i  c o u l d  a l s o  be used i n  the
~~it ~re  as a c o m m u ni c a t i o n s  f a c i l i r - :  f o r  such r r f -  -

~~~~~~ 0 - ti as
t h -  c o r r e ct i o ns  n eces sar  -: f o r  D i f t e i - - n t  m a l  ‘n - c a  and :li r ra s
t - ’ w a r n  p h  t s  - - 4- t h e extort an-i nrc-rhct - i  d u r i f ion of s ign a l
m n o n a l ies  caused P su c h  f a c - t  er r  as so la r  d i st -  r i -  irces ( S I P s )
A l s o , the  DM~ a r o u n d  st: ions  c ou l d  be t he basis for a f u t u r e
sy s t em , s r i p r  c - n t  ive of (aCt~ - T A R .

2 . 2 . 2  (iMFGA/DJi FFPPNTJAL OMEG A ~DME . Th is system could
be cons ide red  b oth  a nea r  terra as well as ~a lena term solution .
Four Omeqa s t a t i o n s  i r e  now a v a i lab l e  for  use across  A l a s k a .
The r e f o r e , i t ;  iram - d i a t  use i s  p o s s i b l e  h u t , u n f o r t u n a t e l y ,
r o t  p r a c t i c a l .  The rresently available receivers are v e r y
e x p e nsiv  ( S 12 K  L o S 2 S K )  and ore  i n t e n de d  as a replacement
fo r  L o r a n — A  a nd or c o s t ly  I N S  e q u ip m e n t .  Ru t , the  develop-
m ent of low c a t  receivers , such as t h e  D y n e l l  M a r k  I I I ,
mu ot occur rapidly. It is 1- -reseen that receivers for
under f5 ,000 are t ossible in the ne-a r future , but  the
accel-t mce by the -A~- and air t x i  c o mm u n i t :  w i l l  be c r i t i c a l .
For this reason , O n E r - r i  as the near t c - r m solution (the next
2— to —5 pc-ass) is quc-st tonal -I c - . Except for the NDB/DME and
VORTAC solutions , this is true o f  all other alternatives.
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To make this alternative more attractive , Diflerential Omeqa
is the next log ical step in the development. As explained
previously, not only is the basic accuracy improved , but it
also allows the capability of minimizing the effects of
atmospheric and solar disturbances. The ideal situation
would be to de”elop moderate to high cost avionics with
this capability as soon as basic Omega has proved feasible
and the necessity for increased accuracy and reliability for
non—precision approaches becomes obvious. Since any new
VLF—LF system will require a network of monitors , dual use
of such facilities would be an economical method of
demonstrating this camability. This would require the FAA
to specify Differential Omega as a possibie long term solu-
tion in order that avionics manufacturers proceed in this
manner . In addition , low cost receivers which can be
manuall\’ updated by the pilot using corrections via c- voice
data link channel from an ATC facility could also be
incorporated in the near term . Although this approach
entails a hiqh workload , its applicatior in low density
areas could prove practical; especially at those hundred s
of airstrips which cannot qualif y for any t ype  N A V A I D .
It is also envisioned that the ½ to ½ nm accuracy achievable
through this technique would also aid low altitude operations
requiring passage through mountain passes. It should also
be noted that for short stage lenth operations , calibration
of the basic Omega receiver before takeoff wou l d  probably
allow accuracies much better than the lona haul 1 to 2 nm
presently measured ; thereby makinc i the Differential Omeqa
technique necessary only for those unique situations where
stage lengths of more than 150 nm are necessary and/or
atmospheric anomalies occur.

2.2.3 AREA NAVIGATION . Most RNAV avionics presently
being manufactured use VOR and DME inputs. None , to our
knowledge , use bDBs as bearino inputs. Only a few expensive
models have a rancre/rana-e capability , f l y  u s i ng  RNA V , the
lir ce- number of VORTAC stations required for a conventional
rad i a l  airway route structure could be minimized . Unfortunately,
t he  rather ruaced terrain would limit this advanta cr e only to

~he h i o h  alti tude structure due to line—of—si ght limitations.
‘This a~ roach , w i t h  VORTAC5 at hiqh density terminals , should
Pc- a u c - u r i a t - f r  hi gh altitude air carrier operations.

I~ s h o i l  I be n - - i tha t Omega is a natural RNAV systei-r which
c en t  ins P- n u t -  to fly between a number of I-reselected
“wa .:n in ~~s. ’ M i f f - - r - - n t i a i  Omega will improve the accuracy
of b i s  ic n a t ‘ a l l o w  n o n — p r e c i s i o n  approach -s and possi hI v
allow the level er-mont of lower cost avionics.
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It  is also recognized tha t  INS has an RNAV c a p a b i l i t y
although the inherent drift of these systems limit
their application on airways. Manual updates have been
developed but are considered too cumbersome from a flight
technical error and workload aspect. An Omega (low cost)
update capability is a possible solution to this problem
as well corrections from a simple conventional VORTAC
RNAV (or vice versa) for an improved dead reckoning
capability between widely separated VORTACs. Obviously,
these solutions would only be applicable to the air
carriers or by jets which want to make maximum use of their
already installed INS or Doppler capability.

Therefore , an RNAV approach would obviously minimize the
number of VORTACs required for high altitude coverage.
It could also improve the effective service volume of
the existing VORTACs. Rut , as a lon e term solution
f or all cla sses of users , the inherent disadvantages
of the ground VORTAC system still exist.

2.3.0 COMMUNICATI ONS AND SURVEILLANCE. In any study
concerning NAVAIDs requirements , lT is essential that
communications surveillance related to establishment of
NAVAIDs also be given proper consideration. In the con—
tinguous States , establishing communications (as related
to NAVAID5) is , typically, not a problem . In the A l a skan
Reg ion , however , establishing communications to serve
NAVAI D f a c i l i t i e s  is , in many  cases , d i f f i c u l t  and expen-
sive to achieve . The reasons for this are many and varied
but result mainly from the topouraphical situation and the
relative paucity of existing telephonic exchange and toll
services due to population distribution.

Various combinations of VHF lines , microwave links , RCA
satellite communications , ~and landlines provide existing
communication between NAVAID facilities and associated
control points. These links presently serve to (1) enable
voice communication between the NAVAID and the remote control
point , (2) prov ide a go-no/go status signal  of the f a c i l i t y,
(3) enable remote control of the facility to disseminate
weather information , etc ., (5) assist technicians in limited
testing of the facility from the control point and (6) pro-
v ide a means to f eed the audio from a VHF receiver (wh en
facility is so equipped ) to the control point. Other com-
munica tion l ink requ i remen ts , no t d ir ec tly rela ted to NAVAIDs ,
incl ude weather da ta t ra nsmiss ion f rom remote si tes to a
control weather facility and air traffic control communica-
tions. The coord inated utilization of existing and future
commun ica t ion systems is very  desirable for obvious economic
reasons reasons. re-location of remote weather sensors and
NAVAID s f ac i l i ties is art example of t h i s  coord inated
utilization.
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The present status of communications relative to NAVAIDs
requirements in the Alaskan Reg ion is as fo l lows :

A . All  but one of the FAA-owned VOR/V ORTAC f a c i l i t i e s
in the Alaskan Region has communications between the NAVAID
facility and an associated control point. The exception
is the Moses Point (MOS) VOR facility. There is a diversity
of communication links used in effecting these links.

B. The Alaskan Region is in continuous contact with
RCA Alaska in connection with the on—going assimilation of
various existing links (White Alice , etc.) into the RCA
Satellite System .

C. The reg ion is very much aware of the economic
benefits derivable from coordinated utilization of available
and future communication links with other functions such as
weather data transmission and ATC communications for example.

D. Most proposed VOR/VORTAC facilities will be at
locations having either civil or military exchange and/
or toll  serv ice avai l able .  Also, proposed facilities are
to be located proximate to an airport also served by an NOR
facility.

In summary, the Alaskan Region is keeping abreast of the
on—going RCA satellite system expansion and is effecting
coordinated utilization of existincr and planned communi c-otion
links relative to navigation support.

Present R&D developmental efforts of a 2nd generation solid-
state VORTAC will include an effort to develop an automat ic
dial—up capability for transmitting maintenance and monitor
data to a central maintenance center. It  is exr -- ct ed that
a voice grade channel will be required to implement this
remote maintenance monitor system . The agency is now in
the process of evaluating its communications recruirements.
The resulting system will optimize the common usage of ~‘all
modes when possible. For this reason this report will not
expand on this factor .

In addition to the above discussed communications require-
ments , a f l ight following service capability may be insti—
tuteci. In this event, air-ground/ground—air (via NPTa
facilities possibly) communication links may be required .
Although the interdependence of navi gation , communic ations
and surveillance is well recognized , the requirements cannot
necessarily be developed in parallel. Therefore , those
decisions made in the naviqation area will be the seed to



to develop firm concepts in these and other areas.

2.4.0 ALAS~<AN FLIGHT TESTS .

d .4.l GENERA L. A series of flight tests have been
performed by NAFEC to evaluate the potential of Omega as
the long term navigation aid for the Alaskan/Aleutian
airspace. Tests of Loran-C were also performed to determine
that system ’s performance and coveracre . A total of three
series of flights were performed ; once in January 1975 ,
May 1975 , and September 1975.

The January series were cancelled upon arrival in
Anchorage due to an unscheduled shutoff of the Hawaii
Omega ground station . This station was not in its full
operational mode at that time and a around antenna mod i-
fication was performed without general notification .
Since that time , Hawaii has been formally classified as
operational and future scheduled down times will be
coordinated with the other stations and reported well
in advance.

A D C — 6 B  aircraft, N46 , w as instrumented for the Alaskan
flicrht s in January 1975. This instrumentation was then
transferred to the Convair 880 (N42) -rior to May 1975
for rescheduled tests. Both installations were designed
to allow the pilot to navi gate by Dynell Mark III Omega
informa tion , while avail able aircraft navigation systems
were relied upon for cemp - i ri so ri d a t . Poth installations
relied upon an F-plane ara ten:’ a f r  reception of Omega
signals. The D v r ie l l  Mar 1; III will h sold for approxi—
m a tr ~lv $6 , 000 a n d  is cl es i c r n e i i  f o r  - rerer a 1 aviation use at
m a x i m u m  speeds of 4 0 0  k n c - t s .

Ir a both i n s t a l l a ti o n s , the  equil n i en t  u n - b r test , the Dynel l
Mark I I I  (irnecr l Receiver , was intcrfaceci with an Incredata
m a gn e t i c  t ap e  recorder  f o r  d a t - a  collection . Extended
cab l i n c a  al lowed the i n d i c a tn r  u n i t  to be placed at  p i l o t ’ s
position for naviriation purposes.

An additional rack was installed on the CV—880 consisting
of a Tracon 599R Omega receiver , quartz frequency standard ,
ant enna coupler and br u sh analoc recor der . This monitor
provid ed continuous analog recordinas of the Omega signals
received by the Dyneil Mark III equipment and partial
recordings of station pair comparisons obtained from the
Tracon 599R receiver. All data collected was synchronized
t o  an onboard time code generator . A continuous flight log
was maintained by voice recorder .

L. — 
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Position reference data was obtained by photographinq
the aircraft LTN51 Inertial System Display at a one
minute rate during all flight tes ts .  Posi tion re f e r e nce
and conventional NAVAIDs coverage was Qlso recorded
con tinuously wi th the f l ight inspection console analog
recorder. Synchronization and programming are fairly
simple , requiring some basic computation of the Omega
coordinates at selected station pairs for origin and
destination positions.

A second low cost Omega set , the  D y n el l  Mark  l I lA , was
also operated during the Alaskan flights. This equ ipment
is an improved model including constant display of present
positioning Omega coordinates , circuitry to perform coordinate
difference computations internally and two waypoint storage.
After manual synchronization , only insertion of destination
in Omega coordinates for station pairs selected and lencath
of trip in nautical miles are reouired .

2.4.2 RESULTS. In general , recertion of aica nals from
Omega stations in Norway, Hawaii , N o r t h  D a k o t a , a:~d J a p a n
were of hi gh quality during VFR conditions on all fli ghts
in Alaskan airspace. The Norwe g ian  S t a t i o n  was  u n u s ab l e
from a line through White Horse , Can-ida , west , to  a - c t  h r
line passing south of the Yakatut—Sitka area along the Pacific
coast. Station pairs AD and AC were processed on all fli-r ht s
for using the Dynell Mark III. Alternate p -airs CH and CD
were considered but the reliability of Japan ’ s s t a t io n  had
not yet been established . Later , the Cl-I and CD pairs were
programmed into the Dynell Mark lilA and good results were
achieved for the final fliuht. As expected , fli hts threuch
snow showers and dense clouds were characterized by hica h noise
levels and imparied siunal reception . The effect on Omega
navigation depended upon the density of the snow or clouds
and aircraft speed . These effects , characteristic of operation
with E-plane antennas , are expected to be less noticeable
when more representative types of ueneral aviation aircraft
are flown in Alaska; at lower speeds and altitudes.

The Dynell Mark III and Mark lilA Omeqa sets performed well
considering the severity of the demand . Although some trip
initializations were performed enroute (transfer or origin)
over waypoints , the majority of test flights retained
Anchorage as origin.

This resulted in long duration lees with many waypoint
calibrations enroute. The manual waypoint calibrations
arc- a source of accumulative error build-up due to human
factors. Errors in the distance alonq track appeared to
be more likely to be long t h a n  s h o r t  of a ctu - ti distance
and more likely to occur than errors in course deviation

In
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indication . There were no failures in the Omega equipment
with the exception of the Experimental Active Blade which
otherwise would have supplied signals for Dynell Mark lilA
operation . A measure of end point accuracy was obtained
from observations recorded during test flights in various
signal conditions.

The Dynell Omega equipment , though manually synchronized
and programmed , is relatively simple to operate. Pre-
f l i ght planning is necessary but not excessively time
consuming . It appeared to be adequate as a VFR ONLY
supplemental enroute system . It is quite possiETe t h at
signal interference due to cloud and snow shower pene-
tration would be decreased i f  flown at lower airspeeds
used by l i cr h t  a i r c r a f t  u s i n q  an F-plane antenna. However ,
the weak link in low cost Omeqa -avionics navigation remains;
the antenna. F-plane plates or noise cancellinci units may
aid in so l ’- inc r  t h i s  problem .

Omega si-anal reception from Nor~-a’:, Hawaii , and North
Dai-:ota provides ade-~uate coverage of Alaska with respectto geometry. For all practical purposes , the worldwide
Omega system is complete in Alaska. There are several
station pairs available for primary and alternate use.
Station outages remain a problem . Signals received durina
all test fliahts were quite- useahle , except when penetratinq
dense clouds , or when a station outage occurred . The test
series flown can only be considered a minimal probe in
assessing the characteristics and reliability of Omecia
signals. Repeated monitoring at various points in Alaska
would provide more thorough and complete information
regardina Omecr ai propagation and the natural phenomena
which affect- it.

The fliqht in Ma-.’ also carried an ADL—8l Loran—C receiver ,
manufactured by Decca Ltd . which malfunctioned due to
installation problems.

The Convair 880 acrain flew a series of flights in ~\laska
d u r i n g  the week of September 15 , 1975. This fli ght repeated
the Loran—C tests and also evaluated the performance of an
Anecom ONS-20l Omega receiver. This equ ipment is designed
to be a direct replacement for INS installations and will
be marketed in a pr ice range of $12 ,000 to S25 ,000. The
ADL—8l is not configured for aircr a ft ol orations . Equ i p—
ments presently being developed will be competitively i—ri ced .
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During these tests , it was observed that the Omega system
operation was satisfactory in al l parts of Alaska . Initial
indications are that its accuracy was within the range
normally expected . A detailed analysis is presently in
process and is the subject of a subsequent report to be
issued by NAFEC.

As for Loran-C , observations during these tests indicated
that significant arc-as of Alaska do not have adequate
coverage . Satisfactory results were obtained where
siqnals were available. Initial indications are that
at least two (2) additional stations would be required
for complete Alaskan coverage with adequate qeometry.

In short , it can be concluded that at least four (4)
Omega station signals are presently available in all
p a r t s of A laska . A fifth station (Argentina) is already
in operation and may also furnish signals; although this
has not been confirmed . Present Loran-C coverage is not
adequate and is deficient from both a signal coverage
and geometry aspect. This would require additional
stations to be established in the rather unique Al aska n
environment.

3.0 CONCLUSIONS .

3.1 VOR should not be chosen to meet the long term or
mici-ranqe needs of naviqation in Alaska if Omega proves to
be a feasible supplement system . Limitations imposed by
the terrain and the cost of installation and maintenance
are p r e s e n t l y o v e r r i d i n q  f a c t o r s .  A l t h o u q h  new s o l i d —
state m o d e l s  of VOR are presently being developed and new
an tennas evalu-ited , a substantial number of sites would
still be required . A minor number of VORTACs could be
implemented to I rovide a suitable hi rh altitude PNAV
structure and suitable IFR service to critical terminal
areas for air carrier or i-ra t: ions for  the near  f u t u r e .

3.2 Loran—C is not presently suitable for near term air—
carft navigation in the domestic air traffic environment
based on the previously stated factors. Plans for its
long term use as a 7ORTAC/NDR - I)MF replacement should be
carefully weicihed against a satellite option such as the
Clobal Positioning System (GPS/NAVSTAR )

3.3 Omega is considered to be -a viable lonci term su p i -le—
mental solution since:
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a) Omega has provided a navigation capability over
the entire Alaska area since the end of 1975 , allowing its
immediate use as avionics become available.

b) Omega accuracy and repeatability could be improved
use of local area differential corrections w h i c h  would allow
non—precision operations in isolated areas.

c) Co—location of DMEs .at airports for the near term
solution with M OB s , VOR/DME , or TACAN will allow for fail
soft terminal operations when used in conjunction with Omega.

3.4 Although most of the sam - d i s t i v a n t iges a p p l y to the
combination of NOB ‘DMF facilities as fer the VORTAC approach ,
the existing extensive around net-work , the larc- e user invest-
m e n t  i n  avionics , and the t ~-ndency of us -rs t o  continue their
operation (the pi peline for examele) , forces strong considera-
tion to ur (arade this technique to sat isf’- the near term
re-au i rem- nt r

3.5 If so decided , a gradual transition could be made fr— rn
MO P , DMF and VORTAC system to Omega , later suTpieraiented by
Differential Omega , as airborne -.1 around units are devc-loped ,
-valuated , and new a i r c r a f t  e n t e r  and r e p l a c e  ex i s t  i ncr
inventory. This gradual shift in systems w o u l d  p r o b a b l y  he
mor acceptable to the large use r  c o m m u n i ty  t h a n  wou l d  a
VOR or TACAN approach with a limited service area and eventual
r e r c l i c e m en t  by GPS~~NAV STAR or Loran-C .

3 . E R e c ogn i z i ng  the  f a c t  t h a t  T~ CAN is an ideal solution
f o r  o i l  p l a t f o r m  i n s t a l l a t i o n s, t h e r e  is a possibility that
some sun nert mac  be re~1ai ir ed  f r o m  the  FAA as a p filler.
Therefore , the co-location of NODs with a small TACAN instead
of only at OMP m i gh t  he a d v i s a b l e  i f  user demand warrants this
exception. It should be pointed out that TACAN avionics is
caxuensive and DOD is considerino phasing this system out with
the- ~a~i~’~ nt of GPS. In addition , although siting is easier ,
its Ion -a term feasibilit y is cruestioned lat e to the lin e— o ’ —
siaht limitations as well as the considerable O&M costs .

4 . 0 RECOMI.TENDATIONS .

4.1 Proceed with the installation of enough NDBs and DMF
facilities to meet the most immediate and pressing navigation
needs in Alaska. Takeover of some existin g to  i va t e l v — n w n e d
‘raps mac be -advisable.

4 .2 (‘onsider a transition t o  O m e g a/ D i f f e r e n t i a l  Ome — n a
early in f -~~ 1980 period if that system is Thown to have
meri~~. GPS avionic development should be clnsely me! itor e I
from a low cost u s e r  aist-ect.
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4.3 Install VORTACs to support the high altitude RNAV ,
critical terminal area and international air carrier
requirements after development of solid-state modular
VORTAC with automated remoting .

4.4 The advantages of TACAN for oil drilling platforms
is obvious as a near term solution. But , this activity
is not likely to be a pervasive requirement for the next
five years due to offshore leasing delays. If necessary,
a gap filler program should be approved if other require-
ments are indicated .

- to 
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APPENDIX I

GENERA L COST ANALYSIS

1.0 GR OUND F~ CILITIE5. The following is a general comparison
of the relative costs between logical contenders for the
Alask an Region navioation system . This will include VORTAC ,
VOR- ’DMF , TACAN , NDB DMI-~, NDB / TACAN , and NOB o n l y .

The total implementation costs for each alternative is
obviously dependent upon the number of sites required . The
reliabilit y , automated monitor/maintenance capability,
unicrue sitinq requirements , and power requirements will
also have a significant bearing on overall costs. There—
fore , the total costs for each alternative are not compiled
since the number of sites necessary is very sensitive to
the estimated requirements. Normal conus criteria for a
site to qualify for a certain NAV AID is obviously not
applicable to the Alaskan situation.

In this report no attempt is made to specify how many sites
should be upgraded , but only to rank the ones which we
consider the most deserving sites (See Volume II) . The
level of ava i l ab le  f u n ding , the lates t requ iremen ts , and
the a l te rnat ive chosen will then dic tate the number of si tes.
In addition , as recommended in this report , a number of the
di f fere nt a lternat ives may be selected for the near term
solu tion predicated on fac tors not present ly estab l i shed .
The large number of poss ible combinat ions would tend to
de t rac t  for  this exer cise.

For this reason , only the cost of a single typical configura-
tion of each alternative for the near term solution is presented
in Table I—I. In addition , Table 1—2 highlights the large
differences in construction costs between a standard (average)
installation of VOR/DME and NOB in the contiguous U. S. as
compared to Alaska . It is our understanding that this 3—to-4
time increase is typical for any type of construction in
this  region . Freight and construction material costs are
also und erstood to be greater. It should be noted that
these costs do not reflect the sizable reduction in equipment
cos ts and O&M which will result from the 2nd generation
VORTAC program. In addi t ion , new antenna developments in
the VOR area may further decrease the siting advantage now
en joyed by TACAN ; especia l ly  the VOR stacked ar r ay .

I—I
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2.0 AVIONICS . Vo lume II details the tv ;-€ - , number , and
distribution of avionics presently bei aau used in Alaska.
The important facts are:

a) Apr -roximatel v one—third (1 3) of the aircraft
do not report any tvne of navi-uation avionics. It is
assumed that this situation exists not because of the lack
of ad ocruate NAVAIDs but due to a lack of necessity .

b) Of tha- - r e m a i n i n g  aira-raft , about t\-.-o— th i rds (2/3)
are equipped with VOR , one-half (1/2) have both ADF and VOR.

c) Almost none are IDNI equipped .

Therefore , it can be concluded that an Omeca , Loran-C , or
Taa-CAN solution wou id be a considerable retrofit fcr the
e- t ira - - line r coannunatv excetat , of course , the m i l i t a r y
~ it Ia reca e - t  o TACAN . T a b l e s 1—3 t:hroucah 1—8 categorize

d j~~f a - !t y a t  tc; es of avionics t-resentiv on the market.
f-ach tc :a-e has be -n f a r t h er seo r ega ted  i n t o aaeneral groups

— h arc felt t - be i t a  the price ra racr e and requirements
of ai -’ni ra 1 aviat ion , execa t ive a - a - n bus i ness aviation , and
-air carrier .

The a- at -iona le of in -t rading p resent MDBs w ith ~T-TEs is
ha sic a 1 ly;

a) the cost of addin— i pyr - around st-itiOra s to
existino MOPs is not excessi y e .

b) the benefits derived from co—locating at ONa-’ are
substantial at certain terminals. It also allows a measure
of b a ck u p  to the inherentl y unstable LF frecauencie s used
for MOPs

c) I i and when the ‘ -re sent system is replaced , DPE5
are always valu able when co~ located with landing aids.
These e aui pments would also be useful to RNA V si-stems
hay a no ~a mu it i —D’~! c a ~ abi li t

i — ;
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APPENDIX_ II

DIFFERENTIAL OMEGA IN ALAS KA

1.0 GENERAL. There are four reasons that seem to recommend
serious consideration of Differential Omega as a navigation
system for Alaska.

A. Anticipated aircraft position accuracy provided
should meet requirements for Alaska .

B. The cost of installation of sixteen differential
stations would be less than $2 million.

C. Redundant equipment and installation at existing
facilities will ease maintenance problems.

D. The system has an inherent “fail safe ” characteris-
tic ifl that a failure of a differential station would still
permit navigation with the basic Omega siqnals , but with a
decrease in accuracy. In such a situation , accuracy may
decrease with time as the last received differential correc-
tion became less valid .

In the selection of potential sites for locations of
Differential Omega stations in Alaska the following criteria
were used :

A. The radius of operation for valid differential
corrections is 150 nautical miles.

B. There must be existing facilities at that si ta - .

C. Terrain features within the radius of operation
nust not extensively block the correction si’an~al .

D. Sites must be close enough to each other ~ cc provide
as complete coverage as possible.

The listing of recommended sites in the order ef ‘aua-~’aested
i n s t a ll -~t ion~ Sites 1, 2 , and 3 will cover the are a - a north
of the Brooks RanQe; and arc apparently the most difficult
installations. By proceeding in the suggested order , the
area of coverage would start at the north , spread southward ,
then extend along the Aleutian Island chain. The foll ow ing
tables include the recommended sites , suogesteci alternate a-
sites and comments on each site: (See Table 1 and Figure 1)

~This implementation ssat a-~ a - 1 a-nce does not consider an o} erational
fc’asibili tv  network of 3 stat ions su’aqc’sted for early evaluations.
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2.0 SYSTEM OPERATION. There arc ta-a-el major components in
a complete differential Omega system :

1. The Omega transmitters located around the world.

2. The Differential Omeqa stations in local areas.

~:a-a--iciation will be possible with the basic Omeqa signals ,
and more accurately, with the application of differential
corrections to the basic signals. In actual operation , an
aircraft would successively ho within the coverage areas of
several differential stations along its route. To be
na-~a _ a ’ a~

-a_ a - a - a - c-a b le the signal from each available differential
station must be received separatel y in the aircraft. There
are two apparera-ta- ways tca- achieve the required signal separation :

1. Have each differential station transmit on a frequency
uni a -a u c ia- ca- itse~ f , with in its CCrea of Operation . Two widely
separated stations could use the same Vhf’ frequency and not
c~a_ usc -- intertera--aa - ca - c -- , iust as VOR stations presently operate.
Separations of 400 miles or more would be acceptable .

2. Have ~-ach station within an area transmit its
ca-’c-ntified sianal in a time ordered sequence with the other
stations.

The advantages of the time sequenced method is that all
c - l i f f e r ea --tial stations woul2 be on one frequency, and the
pilot workload involvea-l iO  ch a - i. a -a-ainq frequencies would be
elim~ a - i ata-ed . However , t h e  airborne equipment would have to
be able to select the desired differential station correction
values from the undesired values received on the common
frequency. With a station identifier included before the
correction values , it would be relatively simple to automa-
ticallv select the desired values in the aircraft and iqnore
others. The common time standard needed to accomplish time
ordered operation would be available from the received Omeqa
signals which are synchronized by atomic oscillators.

With the ability to select corrections from desired differential
stations , the method of transition from one station ’s coverage
area to another must be considered . It must be determined
whether the best method is to switch abruptly from station
‘A” corrections to those of station “B” val ues whe n midway
between the stations. Operational procedures will be examined
as part of the development prooram . Table 2 shows a time
ordered forma t in which the diffc a-rent ial stations could trans-
mit on the same frequency without mutual interference.
Incorporation of the sixth seqment will permit system chancies~
and it can ba - a- used for maintenance and testing activities.
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Total duration of the six time segments is not astablishod ;
it is a-iependent on the required rate of corr -ction messages
and on the necessary message duration imposed by technical
limitations a-it the transmission technique used . If - I l l  six
Sea- Ira- ia-:- rts a--ould be included in a ten second overall period
(i.e., l. r a - a -  second a-a-er segment) then correction messacies
could ba-. transmitted with each now measurement of Omega
s i a -na -a ls , which also occur once every ten ~a-econds. However ,
corrections may n)t be needed that frequently.

Some consideration must be qiven to the radio fre~ uency band
~ina- 1 the- signal on which the  d i f f e r e n t i a l  c o r r e c t i o n s  are
t ransm ittc-a-~. The most a- ipCa- l rent  options are :

1. A VHF communications frequency (both dica-ital and v o i c e )

2. Encoa-i i n-4 corrections on the DNTT pulse train

3. An NDB frequency

4. A VOR froa-auenc’ :

A major considerat ia- C a - in the sei- -ction of the frequency to
be used , as noted earlier , is signal blockaqe by terrain
features. Early evaluation systems will use a VHL communi-
cation frequency for convenience , hut the use of - Yf-’ should
not be considered as an essential part of Differ a--ntial Omega.
The time sequencing of corrections on a sinqle low frequency
(LF) carrier might be advantacateous in Alaska. Another
possibility would be to include corrections in the digital
data broadcasts from a- Ia -ACAN DNII stations.

3.0 MAINTENANCE.  Figure 2 is a simplified block diagram
of both halves of the Differential Omega system , the ground
station is on the left and an airborne unit is on the right.
Redundant units in the ground station an~ a-iso of equipment
already developed should assure reliable operation . Since
the equipment is not large , maint enance would be accomplished
by unit rera-lacement rather than component a-a-’hanqes or onsite
adjustments.

4.0 SCHEDULE . In the Alaska area , four of the eight Omega
st.atibns would be most used . They are: Norway, Japan ,
North Dakota , and Hawaii. Signals from Ia-iberia and Australi a-
might also be useful if present in adequate amplit a_ do.
D-ovelopment and evaluation of ta -he Differential Omega technique
h a- the FAA will proceed throuqh feasibility and operational
type phases. The ra - ’port on th e feasibility tests will 1o
co~~ -l rtnd by mid— 1977 . Evaluation of the operational type
r’astern will be completed by m ia-i— 1980 . If orderly processes
are followed , s a- -stert - implementation would begin after completion

i i—  a-



a- - -  - - -  - - -

of the operational type system evaluation . It would be
possible to advance the implementation schedule by proceeding
with a procurement when initial results of the operational
ti-pc system evaluation are available and , if they show
significant indication of success. In this situation , the
ground stations might be available for first installati a-nS
in early 1980. A much higher ria--d-a- decision could be madc-
on the basis of feasibility model evaluation results , but
that would not be recommended unless the need was urgent.

5.0 COSTS . The estimated cos t of  each D i f f e r e n t i a l  Omega
g r c u n d  ~~~ i t io n , exc lus ive  of s h e l t - a -r  and  c owc-r , w i ll be
approximately $75 ,000. Included in the o r o a - i c -.d s t a t i o n
would ho two complete sot.s of i-c-uuir a--d electronic a - - g u ipmen t
with automatic switching wh a-ca-a- one sea- fails. Total cost of
sixteen sets of duplicat e qround sa-ation equi a- rrc- a -t and four
svare sing le sets , would  be abou t $1 ,350 ,000. Available
shelter a nd power a-~ cc’aa-~~d ;-roba-iblv serve in all installations
s in c e  the ca - a - a - a la - -ra - u nt would nut be l a - a -a - r u e .  C a - a - a -CIt for i a - a - s t - a- li atiora-

a-
~

- a- -a - a -a ld  be abou t  $10 , 000 per s ta t i o n  — r $160 , 000 fnr t- he
com~a - a - l o t e  a-a- a- : st em . The total cost- for t h a - g r o u n d  s t a t i o n  svst  a- ”a-

,

t h c - - r a - , wa- ca- ild be a p p r o x i r a -- a t e l y  $1 ,510 ,000. Cost of airborne
e-4Uii ‘a .eaa -t won i —~ Je !a--end on the  c o m a _ a - l a - c x i t y  of t he  e~~a - ra -  pment
desired , it is a - a - a - a - a - a -a- ima ta- a-c a-J t h a t  t h e  most s i ma - i l e  un it s ya-a- a - a -j l d
be a v a i l a b l e  for ~5 ,000, while t h a -  - most sophisticated wou l d
cosa- about $40 ,000. The- basic navia-ia - tion ca--ipabi lity would h ’
l e f t — r i g h t  s t e er i ng  and  distance to CO f rom a n y  point to a n y

a - t  h e r  pr a - i n a - w ith - i n  an t i c i p a te d  p o s i t ion  a c c u r a c y  be tween
0. 2 5  a nd  0 . 5 0  a - a - a - , t i c a l  m i l e .  The more expensive e q u i -m en t

a-~~a- a - u i a -~ a- rev i a - j o  m uU  i~ le waya -a-oint s t o r ag e  and a v a r i e t y  of use-
f u l  r e a - I d O I C t S .  a-rho low cost  u n i t  w o u l d  p r o v i d e  bas i c  s t e e r i n g

a- to one ra-r t w a  -points. Development lead time on the airborne
e a - :ui ; m a - n t  ~‘a’ci l a - r be minimal because Omega receiver/computer
sv — a- a- - —- s are already in production , and use o f the  d i f f e r e n t ia l
c or r l  c’tion a- a-~

a- a - a - c g ia - 1 chtc-fly invo lve software changes. A d d i t i o n
- a - f  the i :a - te rf ice to acco~a-t differential correction messaues
f rom the ground would be required .
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