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SUMMARY

Existing navigation and communications systems, in the areas

of the world in which they are installed, meet the current needs of the

nonmilitary navigator for posttion fixing, There are, however, many
areas in which navigators must depend on celestial navigationT accepting
the fact that there will be many times during which adverse weather con-
ditions will prevent the visual observation of the navigational stars.
Existing or proposed electronic nwigatibn systems could be installed
to provide global coverage in the case of the VLF systems(Omega and
Delrac) or essentially global coverage in the case of Loran C., None of
the electronic navigation systems include a data transmission éapability
as an integral part of their operatioms, |
The needs of the traffic coordination and control agencies for pos-
ition information about the aircraft or ships under their cognizance are now
met by the transmission of position reports at specified times by the navig-
ator. Air traffic control position reports are required by the regulations
of the national or international organization operating the traffic control
system, Voluntary position reports may be submitted by surface ships to
appropriate traffic coordination agencies, such as the Atlantic Merchant
Vessel Report (AMVER) system operated by the U, S. Coast Guard; it is es-
timated that about 50% to 60 of the ships in the Atlantic participate in
the AMVER system by providing a position report about once every two days,
The projected increase in transocean aircraft operations over the
coming years is quite large., Under present traffic loads and using existing
navigation and radio commumnications facilities there are peak traffic per-
fods during which trans-Atlantic flights must be diverted either laterally
or vertically to avoid conflicts in the use of avdil_uble airspace, These
divexsions represent a departure from the minimum time path (MIP) for:the
flight and result in an ecnomic penalty to the aircraft owner. As this
transocean traffic increases there will be an increasing need for a navig-
ation system covering the ocean areas of the world and a reliable means of
ground-air-ground communications for the transmission of control directionms.
Other governmental agencies are concerned with the collection of data
in remote areas of the oceams of the world and some of the more inaccessible
land areas. Improved data acquisition and transmission capabilities would

TECHNOLOGY AUDIT CORPORATION
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facilicate the operations of the meteorologists and oceanographers of
the world, allowing a more comprehensive analysis of the weatherl and,
ultimately, better forecasts of future weather and sea conditionms.

There appears to be a need for a glbbal( and all weather navigation
satellite system to meet the present and future requirements for air and
sea operations. The cooperative satellite systams, which voulé include a
limited data transmission capability, might also meet many of the presently
unfilled needs for collection and transmission of weather and oceanographic
data on a globil basis. |

Estimating the future capacity requirements for a global cooperative
traffic coordination and navigation system depends on predicting the future
composition and distribution of the world air and sea fleets, The as~-
sumptions used in making these: predictions are stated explicitely in
Section VII of this report, Later estimates of system capacity require-
ments may be made as additional data become available using either presentv
assumptions or other assumptions then deemed more appropriate, .

TECHNOLOGY AUD’.Ii'.l' CORPORATION
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I. TINTRODUCTION

The information in this renort is based on fnrmal and informal dis-
cussions with senior scientific and technical rersonnel from a number of
sovernment agencies, trade associations, ecuipment manufacturers, etc, No
attemnt has been made to reconcile the often conflicting views of these indi-
viduals, nor is it intended that the information contained {n this renort be
construed as representine the officfal position of anv apencv, It is helieved
that this report will be most useful in nrovidine backeround information and
as a point of departure in future discussions,

The present report incorporates material contained in the eioht interim
renorts that have been nrenared durine the course of this research studv, Some
of the less essential detailed information contained in the interim renorts has

been omitted,

Predicted Onerational Requirements

Operational requirements change over a neried of time reflectine the
increasing complexitv and interactions of the problems that must be solved,
The orderly evolution and development of the systems needed to meet the nrob=
lers of the future renuires a forecast or nrediction of what these problems
will be, This will then allow the prediction of future onerational require-
ments, recognizing that these requirements may differ both sualitativelv and
quantitatively from those of the nresent. This differentiation between nresent
and nredicted requirements is most useful in definine the problems of the future
that will onlv be solved by svstems that are qualitativelv different from those
currentlv used; those svstems that renuire technological advance in addition

to or in nlace of evolutionarv imnrovement of existine svstems,

Future Marine and Aviation Activities

The nast growth in the nopulation of the U. S., which parallels that
in the rest of the world, will undoubtedlv continue in the future. The demands
for marine and air transnortation will, in turn, show a comparable increase in
nassenger miles and careo ton miles, with nerhars a smaller nronortional increase
in the numbers of shins and aircraft needed to serve these transnortation needs,
Similarlv, satisfvine the food reauirements of the world will denend to a ereater
decree on the notential resources of the world's oceans,

More shins and afrcraft will be utilizine the sea and air srnace of the

world, irmmosine additional demands on traffic coordination and control to vrovide
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safe and efficient civilian surface and air onerations. Immroved coordination
and control of the surface and air traffic will be needed to avoid traffic con-
flicts or unnecessary restrictions in traffic caracity of some nortions of the
traffic system. The pattern of prowth of air and sea traffic mav be forecast

in a number of wavs; nerhans the simmlest and most defensible forecast assumn-
tion is that the erowth will be exvonential in nature and will follow the nattern
of the recent past (e.e. FAA traffic forecasts are now essentiallv exponential
projections). The exvonential erowth assumption will be emnloyed in this re-
nort to nredict the future erowth of marine and air transportation and of the

fishing fleets of the world.

NHaviecation and Traffiec Coordination and Control

The civilian navieator onerates under all weather conditions on the high
seas or in the airspace in all narts of the world and must periodicallv deter-
mine his position, and dead reckon his position between these position fixes,
Agencies responsible for the coordination or control of sea and air traffic
must know the nosition of the craft under their coenizance and be able to pre-
dict thelr positions at interim times hased on periodic position renorts from
the craft, Under present methods and procedures the individual navigator fixes
his position by use of celestial navieation or one of the electronic navigations
systems, and then uses radio communications to report his nosition at specified
times to a traffic control or coordination agency. There are many areas of the
world in which electronic navigation systems do not exist, Similarlv, many
ships and aircraft are equipned with onlyv the most rudimentarv of navieation
equioment, Adverse weather and cloud cover mav nrevent the use of celestial
navigation techniques for days at a time, forcing reliance on dead reckonine
during the interim period.

The various electronic navigation systems (e,e, Loran, Decca, etc.) pro-
vide the 21l weather position fix carabilitv in those areas of the world in
which they are installed, providing that the shin or aircraft has the necessary
usef equioment available. However, there is no svstem currently in operation
that can nrovide global coverape with essentially uniform accuracv, The traffic
coordination or contrnl arency must relv on voluntary or commulsory voice radio
nosition renorts,

A navieation satellite system apnears to offer manv notential values in
terms of oroviding the nonmilitarv navieator, both air and sea, with a plobal

system of virtuallv uniform position fix accuracv, Some classes of coorerative
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navipation satellite system mav be nostulated in which the position informa-

tion relative to a snmecific ship or aircraft would be readily available to the
traffic coordination or control agencv without anv action on the part of shin

or aircraft crew, thereby eliminating the position revorting requirement., These
coonerative naviration satellite systems could include the capacilitv for limited
transmission of data between the shore based station and the ship.or aircraft,
whish could be required to transmit control directions or to coordinate rescue
operations on the high seas,

The data acquisition and transmission capabilitvy inherent in a coonera-
tive navigation satellite svstem mav also be useful for other purnoses, Meteor-
ological and oceanographic observations could be made and transmitted to the
povernmental agencies concerned with the measurement and prediction of weather
and sea conditions. Unmanned meteorolosical or oceanographic stations could be

developed to observe and transmit synontic measurements of critical parameters.,
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II. HJEED FC AN TNTEGRATED TRAFFIC COORDTNATION AND HAVINATION SYSTEM

If the onerational requirements o€ the nonmilitary navieator are re~
stricted to the determination of the position of an aircraft or ship, there
does not apnear to be anv ureent need for navipational svstems in addition
to the presently available or projected electronic systems such as Toram C,
Nmesra or Delrac. There is, however, a real need for freauent and accurate
nosition information about ships and alrcraft for the use of traffic con-
trol or coordination and regulatorv apencies, a need that is onlv nartially
satisfied by present or nronosed systems, At least one class of satellite
navipation svstem, those utilizine oround stations for controllinz access to
the satellite and to nerform navieation fiX computations (discussed in Sec-
tion VI of this report) anpears to combine these two functions, nosition
fixing and nrosition renorting, in a manner that will minimize vehicle equin-

ment costs and produce an efficient and effective navication svster,

Position Fix Accuracvy and Freauency

The information collected from the various classes of nonmilitary navi-
pators, marine and air, indicates that the vast majority of their navigational
requirements do not reauire extrerme nrecision; in fact, 2 navieational error
of one nautical mile with a 0,95 »nrobability available in anv part of the world
and under all weather conditions would be adequate, Turther, it should be
pnssible to secure a nosition throuch the use of navicational svstems at aav
time of the da§ or nicht, with an occasional delay of a few ninutes beine
accentable, If the sunersonic transnort (SST) is not included as one nf the
notential users of the svstem, the requirement for continuous availabilitv
of fix information could be reduced tO providine a navieation fix everv 10
or 15 minutes, The marine nonmi litary navigator would be able to use a svsten
that would nrovide him with a navisation fix about everv 1 to 2 hours,

Cne of the most critical nroblems for control and coordinatine acenciles
such as FAA and the USCG 1s accurate and tirelv information ahout the rositien
of shins and aireraft, Ilone of the nresent or pronnsed electronic systers
nrovide this information and relv on nosition renorts fro— the vehicle, In
the case of aircraft in US nirsnace,vthe nosition information is now beine

nrovided in some areas bv Air Poute Surveillance Radars (ARSR) and will

TECHNOLOGY AUDIT COKPORATION
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eventually cover practicallv all of the United States at altitudes of
5,000 feet or higher, The corresponding nosition information svstem for
marine traffic in the MNorth Atlantic relies on voluntarv remorts bv shins
and aircraft, with onlv 507 to 607 of the surface ships cooperatine. Ship
owners require that their shin masters renort their positions neriodically,
usually through one of the marine radio services,

The separation of aircraft navigation and the air traffic control
nosition determination could lead to critical delays in aircraft action in
a notential collision situation, Thus, the nilot of the aircraft may have
position data that do not agree with comnarable data in the air traffic con~-
trol system, and the alr tra®fic contrnl system data may be more accurate
than that in the aircraft, Ideally, these data should be in asreement, allow-
ing more effective control of the aircraft from the ground,

The ultimate navipation system for the use of non-military navigators
should combine the determination of pnosition information on the vehicle and
the dissemination of the same information to control or coordination agencies
on the ground. If feasible, the system should include a comrunication can-
ability for the transmission of critical control messapges from the epround to
the vehicle,

The accuracy requirements of the non=-militarv navigator, with the ex-
ception of a few highly specialized operations, could be met with a nosition
fix accuracy of one nautical mile with a 9,95 nrobability, Aircraft navi-

gpators also need a frequent headinc reference, The snecial requirements of

the marine mineral or oil exploration survev will depend on having the degree -

of relative accuracy available with optical survey techninues; actual mining
and o0il drilling activities will require navigational accuracies of the order
of tens~of=-feet, While the requirements for mineral and petroleum marine
activities on the high seas do not vet exist in fact, the nrobability is very
high that they will be critical in the next few decades,

The hydropraphic and oceanoeranhic survey shin which is engared in
opefations of eritical national and international importance presents another
highly specialized navigation requirement in that some of the survev work,
such as pravimetric studies, reaquire high accuracy and virtuallv continuous
coverage. These requirements, which in themselves mav fustify a much more
accurate svstem, lead to the conclusion that the ultimate navieration svstenr

should nrovide varying derrees of accuracy derending on the needs of the user,

TECHNOLOGY AUDIT CORPORATION
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In the opinion of the shin and aircraft operators, equipment reli-
abilitv and maintainability is a fundamental renuirement of anv navication
svstem, and is not beinz met satisfactorily by nresent electronic systems
used by the non-militarv navigators, The enpineering desi~n of ecuinment
should take into account the mean time between failure for the components,
and should provide a period of months of falilure free service, The trouble
shooting part of maintenance should be aided by the use of self-cﬁeckiné
circuits, trouble 1lichts, etc. The rerlacement of falled components or
sub=assemblies should be no more commlex than chaneine a radio tube or the
removal and renlacement of a module, MNone of the malntenance tasks r rform=-
ed on the ship or alrcraft during a vovage or fliphts should require the use
of a soldering iron or the use of comnlex test equipment in making equipment
adjustments,

The power required to use the ultimate navigation svstem are quite
critical for the small sincle-enrine aireraft, and are sometime critical in
multi-engine reneral aviation aircraft, Veicht and volume should also be heléd

to minirmim values,

Search and Rescue System Requirements

Search and rescue oroblems mav be ecrouned into two catepories; data
transmission and position information, A large part of the cormmmications
requirement could be met by means of data link handline digital information
while other comrunications could be reduced to an efficient numerical code,
Information shout the current nositions of ships and aircraft is reauired in
the nreparation of surface nictures and the conrdination of the search for
missing craft,

There is 2 need for data exchange between the shore and the craft in=-
volved in the search and rescue oneration., 1If there were a complete file of
current nosition information available on shore, there would be nc require~-
ment for the transmission of these data from the distressed craft to the shore,
but there would be a need to transmit this information from the shore to the
craft assistine in the search and rescue operation., The craft in distress
would need to notifv the shore of the existence of the distress situation and
be readv to use radio comrunications to nrovide factual information about the

incident, Tt would be quite useful to nrovide the shore with an initial

TECHNOLOGY AUDIT CORPORATION
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evaluation of the situation by indicating whether the incident was ureent

or of a iess critical nature, Craft enpared in a search or assistance onera-
tion could use search vectors althouech the availabilitvy of the nositions of
all of the craft involved would allov independent planning of the search or
navigation to the rendezvous point, If an aircraft is in distress and may
have to ditch, it would be most desirable to nrovide the aircraft with a
heading vector that will take it to the viecinitvy of the assistine shin in
order to reduce the time between ditching and the arrival of the shin at the
scene of the ditching, It may be desirable to provide the shore with the
abilitv to notify the craft in a position to provide assistance that it is
being called on the radio and perhaps the frequencv on which communications
are desired.

The search and rescue system requires an accurate surmary of the cur-—
rent position of ships and aircraft under their coenizance, usine dead reck-
oning methods to update all nositions reriodicallv, However, if vositions
were updated with sufficicient freauencv, and information were available as
to the course and speed of the craft, the dead reckoning requirement could be
reduced to those craft in the vicinity of a distressed craft, The effective-
ness of search and rescue overations would be increased by includine a ereater
nrovortion of shins and aircraft in the svystem and by improvine the accuracy
of the position information available to those makine decisions relative to
the craft best able to provide assistance,

Search and rescue operations require an improved data acquisition and
data transmission capabilitv., Given this capablilitv, the apencies responsible
for the ccordination of search and rescue activities would have more accurate
and timely information available for their use and would allow more efficient

utilization of the ships and aircraft »roviding assistance.

“eteorologv, "ceanogranhv and Yeather Routing

An integrated traffic coordination and navication syster would offer an

opportunity to augment the data collection and transmission activities of meteor-

olopv, oceanographv and weather routine services, However, it then becomes
necessary to consider the three classes of data requirements as nart of a single
svstem, rather than as senarate nroblems, Such an overall oriority list would
provide maximum utilitv and an econorical data ecollection svstem, The nriority

list nresented in Table 1 renresents a consensus of commetent meteorolorists,

TECHNOLOGY AUDIT CORPORATION
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oceanographers and scientific versonnel develonine shin routins methods,
Amone the factors considered in excluding or including a specific parameter
was the feasibility of making the required observation automatically or the
reliability and accuracy of estimates made by ship or aircraft nersonnel.

The first proun of surface weather and sea characteristic observations
in terms of oriority include barometric pressure, sea surface temperature
and air temperature. Of virtually equal importance is wind speed and direc-
tion with the reaquirement that these shipboard measurements be taken at a
location that would provide an accurate measure of the relative wind over
the deck, It would be most desirable to include an indication of the nre-
sence of precipitation and an estimate of sea state and direction in order
to provide a verification of the weather and sea predictions that had been
made at a prior time., Ship course and speed would be desirable, but not
critical, in that the ship's course and speed made pood could be determined
by reference to preceding position fixes,

The collection of data from aircraft presents a different class of
problem, Aircraft flying lone distances, and particularly when flying over
the ocean, will fly at a constant pressure altitude using a standard alti-
meter settine of 29,92 inches, and will be therefore at a constant barometric
pressure throughout the enroute nhase of the flight, The value that does
change 1is the "D-value"” or the difference hbetween elevation of the alrcraft
and the pressure altitude at that noint and is determined bv the difference
between elevation as measured by a radio altimeter and the altitude as
measured by a pressure altimeter with a zero correction of 29,92 settine,
Under present procedures the aircraft personnel will comnute the D=value based
on the estimated position of the alrcraft and the elevation of the surface at
that point, The aircraft will then report each hour eivine its position, tire,
radio and pressure altitude, air termerature, wind direction and velocity as
estimated, and significant meteorological conditions including icine, turbu-
lance, etc.

The aireraft could report radio and pressure altitude and air temperature
at the time of a position fix, and indicate the presence of icing or turbulence
during the interval between fixes., The D-value could then be domputed, as-

surming that the aircraft was flvinc at the nressure altitude assieomed to it,

TECHNOLOGY AUDIT CORPORATION
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Table I. Meteorologv and Oceanogranhv Observation Peguirecmrents

Class of Data Surface Shins Afrcraft

Barometric Pressure Yes

pressure altitude

Radio Altitude Hot anplicable Ves
Alr Temperature Yes Yes
Sea Surface Temperature Yes ¥ot anvlicable
Wind NMrection, relative Ves Desirable
Wind Speed, relative Yes Desirable
Course and Speed Desirable Nesirable
Sea State and Direction, estimates Yes Not applicable
Sienificant Meteorological Conditions

Precipitation Yes Yes

Icing Yo Yes

Turbulance Yot apnlicable Yes

Clear Air Turbulence Hot aponlicable Yes

These observations would sunnlement existing data collecti{on proerams
and could provide additional data in manv of the areas of the world now inad-
equately covered, the ''sparse data'" areas, Svnontic weather charts would be
more complete while weather and sea state forecasts could be exnected to become
more accurate,

Vith these data available, it would be possible to prenmare svnontic
weather renorts and the existing trend in the weather, taking into account
the observations made by ships and aircraft, 'leather and sea forecasts could
then be prepared, with later data available to check on the accuracy of these
forecasts of weather and sea state, 1f desired, the original routine could
be modified as additional information became availahle and more accurate fore-

casts of weather and sea state could be made,

Need For an Intecrated Traffic Coordination and Navigation Svstem

In summary there appears to he a requirement for an interrated syvstem
serving the needs of the individual aircraft or ship navieator, the acencies
responsible for the coordination or control of air and sea traffic, and of
the apencies concerned with the measurement and nrediction of weather and sea

conditions throuchout the world. It appears that manv of these requirements

could be satisfied by a coonerative satellite svster nerfarring the navigational

TECHNOLOGY AUDIT CORPORATION
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functions and the data acquisitien and transmission functions needed by

these apencies.
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I1I. NAVIGATIONAL REOUIREMENTS OF NONMILITARY NAVIGATORS

Rackeround

The definition of the navicational needs of the nonmilitarv navio-
ator {s complicated by the fact that navigational techniques and systems
exist that are quite satisfactory when they are available for use, Cel-
estial navigation using a sextant will nrovide adeﬁuate rosition inform—
mation to the navigator nroviding that weather conditions allow thé navie~
ator to see the navigational stars, Flectronic svstems, such as Loran A,
Loran C, Decca, etc., provide adequate position information in the areas
that are covered by the svstems (see Section VI). Pronosed electronic
systems, such as fmega and Delrac, could provide world-wide coverape with
adequate position accuracv, if thev are imolemented, In the case of U, S,
aviation, dependence is placed on the navigational aids nrovided bv the
FAA in accordance with national oonlicv,

The major requirements to be met by a navieation system to be used
by nonmilitarv navipators are all-weather and global coverage, equipment
reliability, low equipment cost and minimum manpower demands, The needs
of the different classes of nonmilitarv navigators are discussed in later
sections of this chapter,

There have been a number of studies bv U, S, marine and aviation
technical grouns over the nast vears in which statements were developed
and proposed as beinp definitive of the operational needs of the various
classes of atr and surface navigator. Some of these meetines, such as
the International Meeting on Marine Radio Afds to Naviesation (IMRAN) in
1947, included reoresentatives of a number of nations; others, such as
Special Committees 30 and 35 of the Radio Technical Commission for Marine
Services (RTCM) and Special Committee 50 of the Radio Technical Commission
for Aeronatucis (RTCA), reflected the views of the U, S,

The reports and recommendations of these committees, with respect
to marine requirements, are of considerable interest and value, althouch
the recommendations of the several committees may differ substantiallv,
even over a period of a few months, Special Cormittee (SC) 30 of RTCM
in {ts report dated 23 July 1957 advocated the navieation accuracv in
the US IMRAN nosition or 17 of distance to daneger at long ranpe (defined
as over 50 Miles). SC 35 IRTCM in its report, dated 17 December 1957,

. proposed an accuracy requirement of 0.5 miles or less 95% of the time

for all marine users except private craft, for which it recommends an

accuracy of 1 to 2 miles 95% of the time, The British position at IMRAN

"TECIINOLOGY AUDIT CORPORATION
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called for 17 of the distance to dancer or 5 miles, whichever is lesser,
on ocean nassage,

A review of the recommendations of comparable committees in the field
of aviation navication requirements, such as those included in IMRAN and the

meetings of the Communications Division of the International Civil Aviation
Orpanization (ICA0) in Montreal in 1962, indicates a similar lack of agree-

ment as to the absolute accturacy needs of aviation,

The Navigation Problem

The navigator must know his nosition relative to the surface of
the earth at all times in oder to determine the future course of his ship
or aircraft to reach his desired destination safely and efficientlv, The
next portion of the the trip mav have to be modified to avoid some natural
or man-made obstacle, Knowledge of his vehicle's nosition may be essential
in search and rescue operations, The control or coordination of surface
or air traffic requires accurate and timelv data as to the nosition of
all vehciles being controlled, A nre-nlanned route must be followed
to minimize cost and to achieve a desired time of arrival at a destination
Measures that can be used to evaluate navigational effectiveness include
safetv and '"near misses', decreased onerating cost, reduced time for a
traansmit, etc,

The operations performed by the nonmilitary navigator run the gamut
from conning a pleasure craft through well-marked and familiar waters
to pilotine a jet or suversonic aircraft across oceans, In some wavs
the needs for navication information appear to be incompatible in terms of
the nosition fix accuracy requirements, the time available to comnlete
the navigation fix, mannower available and qualified to make the necessary
observations and calculations, and the amount of monev that can be invested
in equipment, maintenance personnel, facilities, etc,

If requirements are limited to the determination of an aircraft or
shin position, it must be recognized that many methods and systems exist
today or are in active develooment to satisfv the needs of the nonmilitarv
navigator, Current operational electronic svstems do not nrovide srlobsl
coverage, althouch additional Loran C stations could be sited to nrovide
“usable accuracv" in most rarts of the world. The Omega system under
development by the Navv Electronics Laboratory of the Bureau of Ships,

U. S, Navv, promises to nrovide both clobal coverage and good accuracy

under all weather conditions. The distance covered by the Omepa sionals
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{(with a theoretical minirmum of six stations to provide world wide cover-
are) incluades the provlem of predicting diurnal shift f{n <ignal timine,
The Delrac. System, proposed by the Decca Navigator Company, Itd., could

also provide global and all-weather coverare,

The nonmilitary navipator, and particularly those engaped in commercial
onerations, needs to know his location; but there are also other grouns
that require information about his position., The various electronic systems

may provide this location data, but the navigator must communicate this loc-

ation data to others, an action which mav or may not be taken voluntarily,
For example, the U, S. Coast Cuard operates the AMVER (Atlantic Merchant
Vessel Reporting) system to keep track of ships on the North Atlantic;
there are many ships (of the order of 407 to 50%) that do not provide nec-
essary vosition data to the USCG, (See Section IV),

The present methods used in traffic coordination rely on the use
of a number of different systems with more or less overlap of functions
between the systems, There are different and incommatible electronic nav-
igation systems in different parts of the world, The needs of the traffic
coordination agencies for position information depends on the nonmilitarty
navigator providing periodic position reports with no positive check on
the accuracy of these position revorts, The traffic coordination systems
relying on voluntary radio position reports (such as the AMVER system) do
not include all of the ships and aircraft and may also use inaccurate nos-
ition infofmation in their operations, The capital investment and oper~
ating cost of these navigation and communication systems is high and ay
increase considerably to meet the future needs of the nonmilitary atir
and surface onerations,
Classes of Nonmilitary Navigétor

The nonmilitarv navigator will fall into one of three broad sroups;
Those in the sea and air transportation systems, the fishing fleets of the
world or one of the highly specialized sea operations such as oceano-
graphic or hydrographic survey ships, General aviation (which includes
pleasure and business alrcraft), although not engared in commercial trans-
portation, should be included in that these aircraft use the controlled
airspace of the world., Pleasure boats, with a few excentions, operate

in inland waters or near to the coast in pilot waters and therefore have
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little need for a long distance navigation system; those desiring to do
so will nurchase equipment apnorpriate to the smaller ship or the fishing
boat such as radar, Loran, etc,

The major classes of nonmilitarv navigator considered in this research

study include the following:

Surface: Aviation: )
Commercial ships Alr carriers, fixed wing
Cable lavins ship . Air carriers, rotary wing
Survey ships Supersonic Transport (SST)
Tishing boats ' General Aviation, US
Mining & petroleum operations General Aviation, World

Pleasure craft

Position Fix Accuracv

The present and projected overational needs of the various classes
of nonmilitary navipator were discussed in some detail in the eérlier TAC
revort "Nonmilitary User Requirements for Navipational Information" and are
surmarized in Table II, 1In essence, this report indicates that the non-
military navipgator will need a global, all-weather system of navigation
that will provide him with a position fix at any time of the day or night,

The accuracy requirement for his position fix will denend on the narticular
operation in which his ship or aireraft is engaped. The vast majoritv of these
needs could be met bv a svstem that would nrovide a 0,95 probabilitv that his
observed position would be within one nautical mile of the actual position

of his ship or aircraft, However, some of the smaller classes of nonmilitary
navigator requiring maximum accuracy (such as the hvdropraphic or ocean-
ographic survev ship) are engared in onerations that are of such national or
intarnational importance as to justify a ruch more accurate system,

The introduction of the supersonic transport (SST) into the air trans-
portation system will impose new requirements on air navigation.* The SST
will require navigation in three dimensions due to the inter-relations between
aircraft weight, altitude and fuel consumption., The SST in the cruising
environment will onerate at altitudes above the conventionallv known jet
stream winds, allowing the SST to follow the great circle route to its desti-

nation much more closely than is nossible with the subsonic jet atrcraft;

*See Navigation, Journal of the Institute of Navigation, Spring 1963 (Vol. 10
Wo. 1) for technical paners presented at the Sumersonic Transport Seminar,
cosponsored by the Institute of Navipation and the Institute of Science and
Technologv of the Universitv of Michigan, Jan, 15-16, 1963, Ann Arbor,
Michigan,
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Relly estimates that ahout 857 of the SST requests for clearance will ask

for the great circle route, The envelope of minimwm time tracks (Figure 1)
is taken from a paver presented by Cdr, Curtis J, Xelly, USCG, of the Federal
Aviation Acency at the Supersonic Transnort Seminar and shows the restricted
area in which the SST may desire to operate. Precision navipation, utilizine
either an external navipatfion system or an on-board equinrent requiring per-
iodic correction (such as doppler radar) will be required in ofder to achieve
the ninimum time track with the SST,

The SST will operate at subsonic sneeds during the climb to and descent
from the supersonic cruise environment, and will have to operate in the same
airspace as other subsonic aircraft., The high fuel consumption in the climb
nhase (estimated to be about 400,000 pounds per hour during the ascent to
cruise environment) will probably imrose severe operational and cost penalties
on the SST unless the traffic control activitv and all alrcraft have accurate
sosition and altitude information durine the entry and departure of the SST
from US airports and controlled airspace,

There is a critical problem in the relationship betwesen the arencies
providing navigation services and the nonmilitary navieator using these ser—
vices., PFor example, an agency can provide an advisory service for the infor=-
mation of the shin or alrcraft, and there is complete freedom on the part of
the navigator to use or not use the information on the basis of his best
judement. The shore-based agency may evaluate the situation that exists in
the air or on the sea and nrovide recommendations as to the "best" action that
the nonmilitarv navigator could take under the circumstances, Control direct-
ions, as used by air traffic control activities, can be issued to the aircraft;
failure to follow the directions as issued would be justified at a later tine
with possible disciplinary action should the facts of the case warrant such
action, The ship master has a lons tradition and numerous legal decisions
behind his position that he is the only person responsible for the safety
of his ship; either the recommendation or contrnl relationshin would be con-
trary to this tradition, Aircraft overations, and particularly those of the
alr carriers, have developed within the control relationship and the use of
advisorv services, 1t would therefore aﬁpear that the basic need is for an
advisory relationship between the shore based acency and the nonmilitary
navigator,

The nonmilitary navicator needs to know his position periodically, the
interval between position fixes beins dependent on the oneration in which he

is enpaged, In almost every case the navicator maintains a nlot of his shirn
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Figure 1 - Envelope of Minimum Time Tracks -
300 Millibar Level
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or aircraft, including the determination of the course made good and the
distance traveled. The location of navigation hazards will be determined
by the use of an appropriate chart, and usually while maintaining the dead
reckonking plot on the chart, The location of other traffic will be deter-
mined by means of radar or by direct visual oﬁaervation; it is necessary

td plot these observations over a period of time in order to determine the
relative motion of this traffic and to determine the collision hazard

that may exist,

Agencies responsible for the control of the movement of air and sea
traffic require, in addition to all of the data needed to recognize an im-
pending collision situation, information abowt the identity, future course
and destination of the individual ships or aircraft under their cognizance.
If the agency provides an advisory or coordination service to ships or air-
craft within its area of cognizance, i1t would probably refrain from the
evaluation of collision probabilities among these craft, The transmission
of critical informatioon between the coordination or control agencies and
the ships and aircraft under their cognizance must be accurate, reliable
and timely, and now is performed by use of radio communications,

Air Traffic Control

Alr traffic control over the land masses of the world is less
difficult than i{s air traffic control over the ocean areas of the world,
Alr navigation aids, such as VOR or VORTAC, may be installed to provide re-
quired coverage in spite of the line of sight limitations of the VHF systems.
Radic communications between the aircraft and the ground may be accomplished
by use of the VHF or UHF channels available. Surveillince radar systems,
such as the Air Route Surveillunce Radar (ARSR) system of FAA, may be used
to provide aircraft position information to the traffic control system,

The rapid increase in air traffic across the Atlantic in the years
- following World War 1II has exceeded the estimates of normal growth, The
expansion between 1950 and 1961 exceeded 2502, Some estimates of the 1975
traffic forecast traffic in excess of three times the 1961 traffic., Peak
days during 1961 involved over 400 fligﬁts, about equally divided between
divil and military aircraft.

The desires of the traveller for convenient arrival and departure
hours now lead to peak periods during which more aircraft are entering the con-
trolled airspace over the Atlantic than can be accommodated without diverting the
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aircraft to some route other than the one requested, When diversions are
made, the aircraft may be diverted either laterally or vertically. If the
diversion is lateral, the trip will be somewhat longer than the desired
minimum time path and will cost more in terms of fuel cost and flight time,
If the requested altitude is changed, and usually by having to fly at a lower
altitude, there will be an increase in fuel consumption for the flight,

Air traffic control over the oceans of the world, and particularly over
the Atlantic¢, cannot be based on VHF and UHF systems or on the use of surveil-
lance radars. MHigh frequency radio may be used to carry most of the communi-
cations traffic, but there will be instances in which ground-air—-ground .
communications will have to be relaved by other aircraft for surface ships.
Self contained navigation systems such as doppler radar or inertial systems
may be used, providing that the systems are reset periodically by means of
pbsition fixes made with other systems (e. g. Loran, Consolan, Decca, etc.).
The need for a long term solution to the transoceanic air traffic onroblem is
well recognized and currently under study by FAA,

An air traffic control activity requires, in order to perform 1ts func-
tions, timely and accurate position information for the aircraft being con-
trolled, the intentions or flight plan for each flight, a means for communi-
cating control instructions from ground to air and verifying that these
instructions are being followed, and the timely identification of actual or

potential conflicts in the use of ailr space.

Alrceraft Position Data

The safe and efficient utilization of airspace requires that the control
activitv know the position and altitude of all aircraft at all times. In the
case of transocean air traffic control, this position is based on periodic
position reports originating in the aircraft; propeller aircraft are required

to report their positions every 5° of longitude and jet aircraft every 10°,

The error in the predicted position of an individual aircraft results from

errors in the position fix on which the position report is based, delays in
receiving a position report, and the length of time covered by the prediction.
These predicted position errors can be quite large and are reflected in the
separation standards emnloyed for transocean flights,

The contribution of the original position fix error to the predicted
position error is obvious, The length of the prediction period ;s critical in

that the aireraft (1) may depart from its planned course or change course
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during the time interval, (2) may alter its speed by changing the engine
power setting or emtering a new temperature envirconment, or (3) may experience
an emergency during the time interval. Thus, any delays in the transmission
and/or reception of the position report, as well as the period of time be-
tween position reports, will have an impact on the magnitude of the predicted
position error, The accuracy of the predicted vosition may be improved by
means of more precise position fixes, reduced delays in the transmission of
this information from the aircraft to the air traffic control activity, and

by more frequent position reports,

Control Directions

Voice radio is now the primary system for air ground communications,
with HF radio used for oceanic communications. Problems arise from the number
of different frequencies used for these communications and the unreliability
of these communication links over the oceans during some period of the year,
In addition, the aircraft personnel rmust monitor continuously certain radio
channels which will carry messages for all aireraft within a specific area,
The controller also spends a substantial portion of his time communicating
with other persons within the air traffic control center and with other
centers, thus limiting the time he has available for assessing traffic infor-

mation and making the required decisions.

TECHNOLOGY AUDIT CORPORATION



.

IV. SEARCH AND RESCUE.

The overall objective of the search and rescue (SAR) system is
to provide anistance to ships and aircraft in distress through maritime
mutual assistance. The individual search and rescue operation will be in-
itiated on learning of a distress condition in a ship or aircraft, and may
be learned of indirectly by the failure of the ship or aircraft to arrive -
at its destination (or an intermediate reporting point) on time, The SAR
operations in the Atlantic may be considered to be indicative of what can
be accomplished with existing navigation systems and commmications facil-
ities. -

Under present operating conditions i{n the North Atlantic, the dis-
tress message will be received by the USCG shore or ocean station radio
aﬁd delivered to the Coast Guard Rescue Coordination Center. The cog-
nizant agency for the distress situation will be notified and the required
action initiated, ind other agencies notified of their role in the operatiom.
1f the operation requires a search for a craft or the diversion of a ship
or aircraft to assist the distressed craft, the Coast Guard AMVER (Atlantic
Merchant Vessel Report) system will prepare a surface picture (presenting
the dead reckoned position of ships and aircraft in the vicinity of the
distressed craft) for transmission to the distressed craft by the Coast
Guard Radio. The distressed craft will then attempt to establish direct
commumications with one or more of these other craft in order to effect
the mutual assistance. |
SAR Search Costs _

Ciﬂ.l airceraft may be diverted from their plammed flight path
to participate in the search for a distressed ship or aircraft, but
the major pottion of these search flights are conducted by COQ;t Guard,
Navy and Air force aircraft, Both the Coast Guard and Air Force have

- alreraft squadrons with SAR responsibilities., Additional SAR missions

will be flown by other Air Force and Navyrsquedrons as required, including
SAR flights within the mission: of all of the squadronms.

It is possible to identify all aircraft SAR operational hours for
Navy aircraft squadrons through the use of normal reprting procedures and
statistical sanalyses that are routinely made. Similarly, the Coast Guard
1s able to identify SAR operational hours for their aircraft. In the case
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of the Air Sea Rescue squadrons in the Alr Force, a review of the past

several years of data available in the form of statistical summaries indicates
that from 257 to 30Z of the flight hours in these squadrons is on SAR mis-
sions, with the remaining 70Z to 75% devoted to other classes of mission in-
cluding training, orbits, etc. Other AF squadronu will, wvhen the need exists,
auign aircraft to SAR activities, but will not identify these hours in stat-
istical summaries of their activities,

The total of 27,308 flight hours included in this analysis do not in-
clude all of the flight time devoted to this activity in that only a portion
of the Air Force flight hours can be identified. The magnitude of the er-
ror is indicated by the fact that the search for the C-124 in the Pacific dur-

'1ng January, 1964 accounted for over 3,000 SAR flight hours over a three

week period; the average SAR mission hours for AF ASR Squadrons is estimated
to be 7,000 per year. |

The cost of flying SAR missions depends on the type of aircraft used
and the basis for assigning costs, At one extreme, the cost of a SAR '
flight could be limited to the cost of fuel, 0il and non-technical expend-
able supplies; such an estimate would be very conservative and would omit
many important charges such as maintenance, amortization of the cost of the
aircraft, crew eout, etc. At the other extreme is the charge for an air-
craft that would be made to a nonmilitary user of the military aircraft
in accordance with the directives issued by executives within the services
or the Department of Defense; while these costs may be a little high, they -
are probably closer to the true cost of the flight hours of these aircraft
to the US. The latter costs will be used in this analysis.

Five different aircraft account for over 90Z of the identifiable
27,308 SAR mission hours flown during a 12 month period; these aircraft were
the C-54, C-130, HU-16, P=2 and the P=5, A totallof_ 22 other aircraft types
were employed to fly the remaining 2,196 SAR mission hours, Table III follow-
ing does not identify the specific aircraft or se¥vice to permit this material
to be unclassified, (See next page).
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Table III., Anmnual SAR Flight Hours

SAR Hours % of SAR Estimated Cumulative

Alrcraft Flown Hours Cost /Hour SAR Cost (Millions)
A 17543 64.2 ~ $339.00 $5.95
B 4421 16,2 226.00 6.95
c 1080 4.0 236.24 7.20
D 1042 | 3.8 468.62 7.69
E 1026 3.8 415,00 8.12
F 733 2.7 91.09 8.18
G 307 1.1 365.00 8.29
H 290 1.1 166.40 8.34
I 217 .79 77.00 8.36
J=AA 649 2.4 312,25+ 8.56
Incl.

*eighted value of charges for selected aircraft,

Present Operations

There are three major elements needed in search and rescue
operations: radio communications, stored position information for ships and
aircraft, and tested methods for coordinating the search phase, Other elements
of the search and rescue operation which inﬁolve the evaluation of the facts
of the distress situation and the decision as to the actions to be taken are
the responsibility of the cognizant agency.

‘Coomunications

The Coast Guard Ocean Station Vessels provide a relay point
for radio communications between ships and aircraft on the high seas and the
shore, While this element of the total system meets practiéally all of the
present commmication requirements, there are instances in which an incident
will occur which will be learned by the failure of the ship or aircraft to
arrive; a recent case is the loss of the Sulfur Queen in 1963, Fishing boats
may not return on schedule or there may be a delay in receiving a routine

position report from an aircraft flying across the ocean., The major problem
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is that of determining the approximate location of the missing ship or air-
craft at the time of the distress situation and the length of time between
the incident and learning of the situation.

Position Information

~ Some ships and aircraft operating in the North Atlantic prqvide.infor— |
mation to the AMVER system on a voluntary basis, but it is estimated that |
only 50% to 60Z of the ships participate; for example, the AMVER plot during
June, 1963 included an average of 792 ships with a max{mum of 851 ships one
of the days. I1f a ship provides a position every 15° of latitude, the dead
reckoned position of the ship is estimated to be in error by at least 25
miles, However, the average position error is estimated to be about 50 or 60
miles, and there may be instances in which the dead reckoned position is
literally hundred of miles in error. The surface picture prepared by AMVER
includes these errors in the positions of ships and aircraft; a ship asked to
provide assistance may not be the closest to the distressed craft and will
have to search 8 or 9 thousand square miles of open ocean, If there has been
any appreciable delay in learning about the distress situation, the search
area may be measured fn hundred of thousands of square miles (over 800,000 for
the C-124 search in January 1964). The value of accurate position information
at the time of a distress incident is indicated by the search for the jet tank-
ers that collided over the Atlantic in August, 1963. 1In this incident, the
position of the crash was known to within a 10 mile square; the wreckage was

located in between 3 and 5 hours flight time.

Coordination of the Search Phase:

Aircraft usually conduct the search for missing ships or aircraft fre-
quently at considerable distances from shore., There may be a problem in
navigating the search plane to the search areas as well as the problems of
relocating the distressed craft after it has been found. If the search zone
covers a large area, a number of aircraft will conduct the search with some

overlap in the area covered by the individual aircraft,
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V. METEOROLOGY, OCEANOGRAPHY AND WEATHER ROUTING

The World Meteorological Organization (WMO), through its member
nations, collects synoptic weather reports from a large number of land and
mobile observation stations. The ships selected to provide these synoptic
weather reports provide four such observations each day; many sea areas of.
the wor}ld are not covered by these reports, Synoptic weather charts are pre-
pared from these te!?rts; weather forecasts are then developed for varying
periods of time for the uée of those concerned with the predicted futufe véa—
ther and 1its inpact on activities,

Oceanography is still a relatively young science concerned with the
study of the oceans and all that they contain., The short range uses of ocean—
ography include the prediction of ocean waves and winds, with an {mmediate
application in the routing of ships along paths that will avoid adverse con-
ditions and produce more efficient utilization of ocean shipping, Similarly,
the interchange of energy between the atmosphere and the hydrosphere at the

" interface will determine the future weather and sea conditions. Longer term

problems include those of more accurate knowledge of the life of the sea and
its cultivation as a major source of food for the expanding population of the
world in the future, |

The close interrelationship of meteorology and oceanography is indfi-
cated by the extent to which both of these sciences depend on measure of current
weather and sea conditions to describe the present situation and to predict -
what future conditions will be, Serfious gaps exist in the network used for
the collection of the required data, both in the matter of geographical coverage
and, to a lesser degree, the number of observations that are now made in the
areas currently covered. '

Ships and aircraft travelling over long distances take the anticipated

- weather into accomt in order to minimize the time of the trip and to reduce

the potential dangers arising from adverse weather. These flight or voyage
plans are based on the use of weather forecasts and, in the case of shipé, on
predictions of the seas that will be encountered in various segments of a '
voyage, The aircraft flight covers only a few hours of time, and will usually
be at high altitude; the supersonic transport will be operating well above the
currently used flight levels during the supersonic cruise phase of a flight.
The primary concerns in determining a minimum (or minimal) time path for a
specific flight are the expected winds, the temperatures in which the aircraft
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vill operate and avoiding areas in which turbulence or icing will occur.
Shipping companies are making increasing use of weather routing services in
planning voyages to avoid high seas and winds. The Military Sea Transporta-
tion Service (MSTS) estimates that their ships achieved an average reduction
of 14 hours per voyage in over 1000 transoceanic crossings over a two-year
period,

Operational Requirements

The importance of meteorology and bceanography in ship and aircraft

operations is probably greater than would appear to be the case at first

glance. The interface of the sea and the air produces the phenomena that
" determine the present and predicted weather and sea conditfons. Aviation and
marine operations cannot be planned effectively without considering what future
conditions will be; the aircraft will seek favorable winds and temperatures,
while the ship will seek to avoid adverse seas and winds. It therefore appears
to be both necessafy and desirable to consider these global environmental data
collection requirements as an integrated whole rather than as separate problems.
The collection of these data from mobile or fixed stations, either manned or
unmanned, are all part of the same fundamental problem of securing more com~
plete geographical coverage of the world and, to a lesser degree, of securing
additional observations within the areas now included within the data collection
network,

Meteorology
The major operational activity of meteorology is weather forecasting,

but meteorological research is not solely concerned with the improvement of
weather forecasting techniques, The more basic objectiﬁe of meteorological
research is that of improving the knowledge of the atmosphere and its behavior;
this improved knowledge will, in turn, lead to improved ability to predict thé
weather and perhaps for a longer period of time. |

A major operational problem in meteorology is the collection of critical
weather data over the land and sea areas of the world, and to then use these
data to describe the weather and its dynamic change with time, The problems
associated with the coordination of weather observations throughout the world,
and the standardization of the parameters measured, has led to the develop-
ment of the synoptic meteorology program within_the World Meteorological
Organization of the United Nations, There are a number of land stations
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throughout the world (primarily in the northern hemisphere) and selected
ships that make the required synoptic weather reports and forward the re~-
ports to national and regional data collection centers., These reports, based
on observations at 0000,0600,1200 and 1800 GMT, include rainfall, maxfmum and
minioum temperature, wind speed and direction, visibility, present and past
weather in standard categories, barometric pressure including trend and rate
of change, dew point, clouds by type, amount, height of base and direction of
movement and sea and swell for ships. Some reporting stations will make an
additional four observations each day half-wav between the synoptic times,
Radiosonde observations of the atmosphere are also made at some locations to
collect upper air data for use in weather predictions and for aviation fore-
casts. Radar is also used to track balloons and to observe weather over a
large area, while rockets are sometimes used for collecting data at high alti-
tudes,

A major future requirement for weather data collection is that of »nro—-
viding more complete coverage in all areas of the world and perhaps to increase
the frequency with which these measurements are made., Additional coverage and
more frequent observations from these stations (either fixed or mobile) could
result in improved accuracy of forecasts and, perhaps, extending the period of
the weather forecast beyond those now used. The future methods of transmitting
weather data from the observation station to the regional data collection cen-
ters will require more rapid and efficient data transmission techniques. The

present use of high speed electronic data nrocessing svstems will be expanded.

Oceanography
The science of oceanography is still young, but is quite active in build-

ing up knowledge of the oceans and their contents. The present report 1is
primarily concerned with those aspects of oceanography having to do with
weather and the travel of ships over the seas; f.e., the impact of the ocean

on the climate of the world, and the interaction of the seas and the atmosphere.
| The oceanographer needs, in addition to the data included in the synoptic
weather report, a number of measures inclﬁding such parameters as sea surface
temperature, water salinity, currents, etc. The small number of ships partici-
pating in the synoptic meteorological program (about 2,100 at this time), the
fact that ships are at sea only a part of the time, and the concentration of
shipping on the major trade routes of the world, places a severe restriction on
the amount of data available to the oceanographer and meteorologist. Ocean-~

ographic survey vessels actively engaged in ocean research will also report
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- weather chart series prepared by the Extended Forecast Section of the U, S,

under the synoptic meteorological program when they are at sea. |

Weather Routing

Meteorologists and oceanographers have developed methods subsequent
to World War II for forecasting waves by use of synoptic weather forecasts
using wind speed and direction and the fetch of the wind (or the expanse of
the ocean over which a wind travels). Prognostic wave charts are now pre=
pared ty use of the five-~day sea level pressure predictions issued by the
U. S. Weather Bureau. Sea state observations made by the selected ships
reporting under the Synoptic Meteorology Program are used to prepare synoptic
wave charts,

The routing agency, either governmental or commercial, is faced with
the problem of predicting those sea and weather conditions that will affegt
the movement of ships across the seas of the world; the critical sea conditions
are those that will force a ship to reduce speed either because of sea con~
ditions, wind or visibility. The critical sea conditions are those of wave
height and sea surface temperature; wave height in its direct effect on ship
speed, and sea surface temperature in its effect on visibility by production
of fog. The critical weather condition. is wind; through tha -dewelopment of sea
waves (as opposed to swell) over distance and time, and by a direct but small
reduction of ship's speed by blowing against the ship. Waves and wind must
be predicted both in terms of the magnitude and direction since a bow wind or
sea will produce a greater reduction in ship speed than either a beam or
following wind or sea; in fact, a following wind may actually produce a small
increase in ship speed. The ship performance curves in waves of varfous heights
for a VC2-AP3 vessel (figure 1) reflect both the environmental factors causing
speed reduction and the voluntary decrease in speed by the master to ease his
vessel,

The weather routing service will use the fivé-day sea~level prognostic

Weather Bureau to prepare a five-day prognostic wave chart,
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Figure2 = Ship Performance Curves

Source: "Optimum Ship Routing” by G. L., Hanssen
and R, W, James, Journal of the Institute
of Navigation, July 1960.

The synoptic wave charts, based on the observations made over large areas

of the sea, are also employed in preparing the prognostic wave chart. Wave
height isopleths and the direction of major wave trains are shown, allowing
an estimate of the impact of sea conditions on the pronosed route of a speci-
fic ship, Wave height and direction will be predicted on the basis of the
predicted wind speed and direction, the length of the fetch, and the calcu-
lation of swells from the current synmoptic wave charts. If the ship's voyage
is longer than the five-day period covered by the weather forecast, the U.S,
Weather Bureau 30-day outlook, weather analogues #nd statistical wave con- |

ditions in the area are used to determine the probable route for the later

' stages of the voyage; the suggested route will be reviewed as new weather

forecasts are used to prepare prognostic wave charts and the necessary cor—
rections made in the route for the ship. Should the voyage cross an area in
which significant ocean currents exist (usually defined as persistent currents
with a speed in excess of 1/2 knot), the currents will be included in the

calculations.
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7 The U. S. Naval Oceanographic Office is now experimentally predicting
sea conditions directly from the Weather Bureau forecasts of the surface

pressure patterns over a five-day period. However, the basic problem in im-
proved forecasting of sea conditions is that of improved weather predictions,
and the ability to track storms on a more detalled basis and to associate the
storm track with the wave charts and ship-speed charts in time.and space. It
may also be anticipated that present manual methods of route forecasting will

ultimately be replaced by the use of electronic computers and data processing
systems,
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VI. EXISTING AND PROPOSED NAVIGATION SYSTEMS

The groupings used in a study of navigation systems depend on the
interests of the investigator or study group. During the 1947 Internatiomnal"
Meeting on Marine Radio Aids to Navigation (IMMRAN), the major emphasis was
placed on the general location of the vessel and was defined as pildtage
waters, ccastal waters, or the high seas (i.e. over 50 miles from nearest
danger). The Federal Aviation Agency (FAA) studies of air navigation in US
airspace consider the en route areas and terminal areas as being of primary
importance., Operations in international airspace fall primarily into the en
route area category, since the ascent and descent phases of an international
f}ight would be regulated by some government, |

The analysis of nonmilitary navigation requirements leads to the cén—
clusion that the ultimate navigation system will have to provide global and
all-weather coverage for the various classes of navigator, and that the Super-
sonic Transport (SST) would need essentiallv continuous coverage by its navi~-
gation system, For these reasons the present study of navigation systems
places major emphasis on those classes of navigation systems that could pro-
vide essentially uniform global coverape. The major groups of navigation

systems and their general characteristics are as follows:

Celestial Navigation

The -use of sextants for measurine the elevation angles or altitudes of
celestial bodies has been employed for many years and is essentially the basic
system for position fixing. The skill of the navigator in making his observa-
tion and the care with which he makes his calculations will determine the
accuracy of his position fix. The stabilit? of the vehicle being navigated
sefs an upper limit on accuracy. Any use of visual observations is, of course,

impossible during adverse weather conditions.

Radiosextant

The use of the radiosextant for navigation can be considered as analogous

to the use of the sextant for visual observation of the altitude angle of the
sun and moon., The radiosextant involves the use of an accurately stabilized
directional antenna, presenting operational and maintenance problems in non-

military applications. The cost of these systems is quite high at the present
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time, One of the major advantages of the radiosextant would be its ability

to use either the sun or moon or a satellite with a suitable radio beacon as

a celestial reference body,

Radar

There are two general classes of radar that are of interest to the
navigator, the usual radar with a plan position indicator (PPI) presentation .
and the doppler radar that is sometimes used for alircraft navigation., In
this report, secondary radar systems are considered to be a form of electronic
system, The PPI presentatioﬁ is of major value in pilotage situations, but
does not provide positional information unless identi{fiable ground reference
points are included in the area scanned, The doppler radar, while of consider-

able value in aircraft, is not usable by surface or sub-surface vessels.

Electronic Systems Using Ground Based Transmitters

Over the years, a large number of electronic svstems have been developed
or proposed, The hyperbolic systems, and particularly those utilizing the
lower radio frequencies, could provide global coverage with "usable accuracy"
as well as very high accuracies within 1,200 to 1,500 miles of the base line,
The svstems based on bearing measurement do not provide sufficient accuracy
while the VHF and UHF have the line-of-sight ranpe limitations inherent in these
frequencies. Loran-C and the proposed Delrac and Omega systems appear to be the
most effective of the electronic svstems in providing all weather and global

coverage,

Inertial Systems

Some military aircraft and ships use inertial navigators, emploving
various other systems to periodically update and correct tﬁe inertial navigator.
The cost of these systems is very high, and the maintenance and operator skill
demands require the availability of highly qualified and well trained techni-

cians,

Geophysical Pattern Matching

Geophysical phenomena such as gravity, magnetic anomalies, water depth,
etc., could be used to determine the location of a vehicle, The difficulty in
measuring these phenomena, and particularly from aircraft, leads to instrumenta-
tion problems including cost and reliability. Prior surveys would also be

needed.
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Navigation Satellite Systems

A number of different classes of navigational systems using satel-
lites could be developed. 1In essence, navigation satellite systems may be
based on the meagsurement of either the elevation or azimuth angle from the
vehicle to the satellite, the range to the satellite, or the changing range
rate as measured by doppler shift of a standard frequency or frequencies from
the satellite. Other techniques are also possible. The functions performed
by the satellite in any of the systems will have a direct influence on the
expected satellite life; the more varied and complex the functions carried
out by the satellite, the shorter the period before one or more of the essen-
tial satellite equipments fail, The orbital life of the satellites is less
critical, for even the low altitude satellites used in the range rate systems
will have an orbital 1life far beyond the expected life of the electronic
equipment in the satellites,

Some of the satellite systems could be designed to use ground stations
to control access to the satellite and to perform the necessarv calculations
to determine the vehicle position., It now appears that these ''cooperative"
systems may provide a means of materially simplifying the satellite and vehicle
equipment with corresponding improvement in satellite 1life, lower vehicle
equipment cost and improved reliabilitv,

The bonus features associated with some of the navigation satellite
systems mav be of considerable operational value., The range rate systems
could provide an accurate time standard; the altitude system could provide an
accurate heading reference. The cooperative systems, by virtue of having per~
formed the navigational computations, could provide position information about
all vehicles in the system for distribution to those with an operational need
for such data, The cooperative systems could providé a data link from the
ground stations to the vehicle via the satellite which might also be used for

certain critical classes of communication.

Svstems for More Detailed Analysis

. 4 .

Some of the general classes of navigational systems can be eliminated
from further consideration on the basis that they would not provide the all-
weather capability, would be excessively expensive for the nonmilitary navigator

(including operating and maintenance costs as well as initial cost), or could

. not provide the necessary accuracy in all parts of the world.
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Celestial navigation using an optical sextant can be eliminated since
it is not an all-weather system, Inertial navigation systems, at least at the
present state of development, would be extremely expensive and difficult to
maintain, particularly for the nonmilitary navigator. Geophysical patterns
matching navigational techmiques will probably be limited to a few highly
specialized applications, primarily military. Doppler radar can be eliminated
as it cannot be used by surface ships, _

The remaining classes of navigational systems will be considered in some
detail,

Electronic Navigation stteﬁs
Navigation. systems have used measurement of various characteristics
of radio transmission. Perhaps the earliest of these used a directional antenna

to measure the bearing to a radio transmitter at a known location, piving a line
of position, two or more such bearings locating the navigator at the intersection
of these lines, Later systems were developed in which the time of travel of a
sound and radio or light signal from two or more transmitters was measured and
the location of the navigator determined by these ranges, Still other systems
have been based on the measurement of time differences in the travel times of
signals, these time differences defining hyperbolas of equal time difference.

A complete catalogue of the electronic systems that have been proposed
was bevond the scope of this research study, if only on the assumption that a
proposed system failing to gain sufficient acceptance for test and evaluation
need not be re~examined for merit, Similarly, the systems that have been
superseded were of only passing interest in this study. The present report
will include only major operational systems and the proposed VLF systems. The

short range systems used primarily for survey work will not be included.

Bearing Measurement Svstems

A number of systems have been develoved in which the vehicle measures
the azimuth angle of one or more transmitters to secure a line of position to
the transmitter. In general, these systems are limited in range and the posi-
tion errors at long ranges are quite large. The technical problems associated
with the accurate measurement of bearings by use of a directionél antenna limits
accuracy under operational conditions as indicated by a standard deviation of
about 0.4°, but many bearing measurement systems in operational use are much

less accurate,

TECHNOLOGY AUDIT CORPORATION
- 34 -



|

«

Range Measurement Systems

The measurement of range by timing the transmission and return of a
signal is the basis for a number of systems. In most cases the signal is
returned through a transponder system at two or more known locations. In
the case of radar, the signal return is primarily due to reflection, although

reflectors or transponders may be used to augment the signal,

Hyperbolic Systems

The measurement of differences in the time of receipt of transmissions
from transmitters of known location in which there is fixed time delay be-
tween the signals can be used for navigational purposes. The time difference
defines hyperbolae with the two stations at the foci. Two such station vairs
(including, perhaps, a station common to both pairs) will then orovide inter-
secting hyperbolae, thereby determining the location of the vehicle, The .
angle of intersection of the hvperbolae is critical in determining the accuracy
of the position fix, Navieation charts are nrovided for the Decca and Loran
systems; the scale of the charts limits the accuracy of position determination
whereas the tables used in preparing the charts may be used by the navigator.
The radio'frequency used in the hyperbolic svstems is critical in the range
coverage, while the base lines determine the intersection angle of the hyper-
bolae; a VLF hyperbolic svstem such as the proposed Omega or Delrac systems
could provide both world wide coverare and favorshle intersection angles,
verv close to‘90°, in all narts of the world, BArief descriptions are pre—

sented of Decca, Delrac, Loran and Mmega.

Decca '
An operational svstem with a range of about 240 miles, which the British
have advocated as the standard world-wide systém. The system 1s auite easy to
use and provides high accuracy within its ranges. Various accessorv equipments
are available, one of which is the Track Plotter and its various charts. The
Track Plotter may be used for ship conning in restricted waters or in neriods

of restricted visibility.

Delrac SDecca Long Range Area Coverage)

A proposed VLF system that could provide global coverape with about 21

station pairs. Estimated accuracy is 10 nautical miles (0.95 probability) at

the worst locations. There would be no vehicle limitations, Provision is made

for solving the lane ambiguity.
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Loran—C

This is an operational military system with 17 stations in oper-
ation in 1961. The Loran—C system was developed from the CYTAC system
navigation equipment. Accuracy is about 0.25 miles within the area cov-
ered by the ground wave and about 5 to 10 miles within the area covered only
by the skywave. Ground wave coverage is available to distances of about
1500 miles, Loran-C could provide "usable accuracy” (5 to 10 miles) in about
80Z to 90Z of the world with about 70 statioms.
Omega

A proposed VLF system being developed by the U, S, Navy, There may
be a problem in lane ambiguity in aireteft, and particularly high speed air-
craft; current jets can cross through about 75 lanes per hour, while a Mach 3.0
supersbnic transport would be within an 8 mile lane for only a few seconds. -
The Omega system would provide virtually uniform accuracy (about 1 mile) in
any part of the world, In theory, 6 Omega stations could provide global
coverage; the availability of land for the ground stations would probably
increase this number to about eight,

Navigation Satellite Systems
There have been a number of proposals for the application of satel-

lites in the development of navigation systems for civilian use. While these
proposed systems may be feasible from an engineering point of view, the
real question i{s "What kind of system is needed to meet the operational re-
q uiremmts of the potential users of such a system?" The decision to build
a new system should be based on satisfying real operational requirements for
which existing systems are inadequate or inefficient, In some cases, a new
system might be justified in that it could combine a number of separate func~
tions into a single integrated system with improved effectiveness and reduced
cost,

There are a number of different system concepts that could be used
to meet the need for nonmilitary navigation and traffic coordination, Of
these, which are most suitable for the civilian application? The critical
question to consider is that of the operational needs of the civilian nav-
igator for position fixes in accordance with the requirements of the par-
ticular activity in which he {s engaged. The needs of the traffic co-

" ordination or data collection agency for periodic position reports from

the ships or aircraft under its cognizance are an essential part of the oper-

ational requirements,
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Navigation satellite systems can be grouped according to the nature
of the measurements made with reference to the satellite, The satellite trav-
eling in its orbit follows a somewhat predictable path, with periodic cor-
rections needed to adjust for unknow components of perturbations accuring
over time., Thus, the position of the satellite can be determined at any
time, the accuracy of the position depending on the precision with which
time is measured and the accuracy of the orbital prediction., The relative
position of the navigator with respect to the satellite can then be deter-
minedmined by measuring the altitude (elevation angle), azimuth angle
(bearing), range to the satellite, or the rate of change of altitude,
azimuth or range. If a single varfable is being measured, successive measures
separated in time will be required or simultaneous measures using multiple
satellites. 1Independent measures (e. g., range and azimuth) made simul-
taneously will allow the use of a single observation in determining the
vehicle position. All of these techniques are used to develop the lines of
position of the vehicle, and the intersection of these lines of position de-
termines the position,
Altitude Measurement

These systems would be comparable to the usual celestial navigation
procedure, substituting a satellite of known position for a celestial body.
The altitude angle of the satellite can be measured either by direct visual
observation or by the use of a suitable radio beacon in the satellite, A
navigation satellite system would undoubtedly measure: the altitude by use
of a radio beacon since visual observations would be reatricted by cloud cover
and vigibility of the satellite. The navigator would have to know time with
congiderable accuracy and would have to measure the altitude angles to 1
minute of arc or better to secure a position accuracy of one nautical mile,
The antenna used to measure the altitude angle would require precise vertical
stabilization in addition to providing the required pointing accuracy., Ad-
vance knowledge of the satellite position would be needed for acquisition
of the satellite., A satellite centered system using an interferometer for
angle measurement would require accurate data about the satellite attitude
at the time of the observation.

Altitude/Altitude Rate

These combined measurement systems appear on first examination to

- offer instantaneous position determination, However, the altitude rate

determination would have to be based on the integration of observation
over a period of time, making these systems operationally equivalent to
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the altitude measurement systems, Satellite position would have to be
known in order to acquire the satellite,
Altitude Rate

Integration of altitude measurements over time could be made to
determine the rate of change of the altitude anglé. In doing this, it
would then be possible to use relative antenna stabilization, rather thﬁn
absolute stabilization to the true vertical, during the period of observ-
ation, However, the simplification of the antenna stabilization problem would
be achieved at the expense of placing more crit{cal demands on other parts
of the system. Advance knowledge of the satellite position would be needed
in order to acquire the satellite,
Azimuth

Lines of position could also be based on the azimuth angle of the
satellite, Antenna motion would be quite critical and would require ac-
curate north and vertical stabilization, Angular resolution of approx-
imately the same order of accuracy (1 minute of arc or better) would be need-
ed as in the altitude measurement systems, Advance knowledge of the relative
position of the satellite would be needed in order to acquire the satellite,
Azimuth /Azimuth Rate

The systems are the operational equivalent of the azimuth systems
since the measurement of azimuth rate would have to be based on the integration -
of data over a period of time.
Altitude/Azimuth

It would be possible to measure the altitude and azimuth angles
simultaneously, allowing the navigational fix to be made with a single ob-
servation, The antenna would have to provide very high resolution in both
altitude and azimuth, and would probably be more difficult to aim in the
original acquisition of the satellite, Advance knowledge of the satellite
position would be needed for aiming the antenna,
Rlnge Measurement

The distance between the navigator and the satellite could be determined
by phase comparison or measuring the time for transmission of a radio signal.
The ranging signal would be retransmitted by a radio transponder in the

satellite, Range measurements can be made quite accurately, providing good

range resolution at a reasonable cost in system complexity.

TECHNOLOGY AUDIT CORPORATION
- 38 -




’

Ranse Rate Msasurement

The changing range of the satellite can be used to locate a ship
or aircraft, If the doppler shift of reference frequencies transmitted by
the satellite is used, it is necessary to use curve matching techniques
in order to determine the position of the craft, IA second method could
measure range rate by measuring the time between two signals transmitted
by the satellite and comparing this with the actual time between the signals,
A measure of range rate could also be made by subtraction of two successive
range measures, although this would be the operational equivalent of the
range measurement system,

The major problem in the doppler systems is the relatively low
altitude of the satellite, of the order of 600 to 900 miles, needed to
secure an adequate shift in the frequency. This in turn introduces problems
in the prediction of the satellite position for a period of several hours
and making these predictions available to the navigator for his use, If
the orbital data are provided through the satellite, it becomes necessary
to incorporate adequate memory and programmers in the satellite,
Range/Azimuth

The simultaneous measurement of range and azimuth and/or elevation
angle would allow the instantaneous determination of position of the ship
or aircraft. If the angle measurement is centered on the craft, the highly
directional antenna must be accurately aimed for acquisition of the satel-
lite and accurate stabilization data is required for use during the ob-
servation, If the angle measurement is centered on the satellite it would be
necessary to have accurate information about the satellite attitude at the
time of the observation, data that could be availsble at a centrally located
ground station,

Range Rate/Altitude

The combining of altitude and range rate measurements offers in-
depéndent measures of position, but would require a period of observation
in measuring the range rate. The high resolﬁtion directional antenna used
in the svstem would require very accurate vertical stabilization. Satel-

lite acquisition would be a major problem.

Other Possible Systems

There are a number of other sytems that could be studied. For ex-

ample, the satellite could transmit a fixed beam pattern, with beams at

every 90°, The satellite would have to be accurately stabilized, allowing
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the navigator to determine his position by timing the receip»t of two suc~
cessive signals. Another comparable system would use a rotating beam. In
fact, systems can be postulated in which any two or more variables (including

altitude, altitude rate, azimuth, azimuth rate, range, range rate) are measured.

Cooperative Systems
Some of the techniques could be based on the use of the satellite

to retransmit signals between the vehicle and a ground station. Access to
the sateliite could be controlled by the ground station, provifing a method
for avoiding saturation of the satellite equipment and multiple respomse
problems. The orbital data about the satellite would be used only by the
ground sution; eliminating the need for the publication of satellite al-
manacs, the dissemination of orbital correction information, etc., All comp=-
utations and measurements could be performed at the ground station, thereby
avoiding the need for computational facilities or operations by the navig-
ator, and materially simplifying the equipment installed in the nonmilitary
vehicle, The satellite functions would be reduced to serving as a reference
point and retransmitting signals, eliminating many of the complex functions
that would otherwise be required.

Of perhaps greater importance are the bonus features that would be
associated with a cooperative system, For example, the ground station would
knew the position of all vehciles using the navigation satellite system, and -
would be able to distribute this position information to other groups needing/
such data, including traffic control agencies, for use by search and rescue
activities, the ship or aircraft owners, sea surveillance, etc. Similarly,
the availability of the data link in such a system could be employed for
some classes of critical communications,

Comparison of Possible Classes of Navigatim'Satellite Systems

The characteristics of the above cla#ses of navigation satellite
system can be described with sufficient precisionrat‘ this time to permit an
initial evaluation, This was accomplished by several well qualified indiv-
_idhals familiar with these possible systems independently comparing the
basic systems with respect to each of system performance factors, Table IV
summarizes the results of this evaluation, The rating steps used in this
comparison are summarized by assigning the numbers from O to 3, as follows:

0 JIupossible Cannot  be accomplished with the system
1 _Updegiragble Extremely difficult to accomplish with a

system in terms of equipment complexity, cost
etc, A critical characteristic which may well

limit the utility of the system because of
techn{ral problems.
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2 Average Neither desirable nor undesirable; the
problem: can be solved but there are less
complicated solutions available in other
systems,

3 Desirable The solution of the problems is relatively
simple and straight forward, with no serious
penalty in equipment cost or complexity; one
of the reasons for selecting a system over
competing systems. : ' :

Conclusions

The navigational requirements of the nonmilitary navigator could be
satisfied by existing or proposed electronic navigation systems, if these
requirements are restricted solely to position determination. The VLF hyper-
bolic systems could provide global coverage and all-weather operation. Of
these systems, Omega appears to meet the navigational accuracy requirements,
but the Delrac and Loran=C systems might provide increased accuracy in some
locations, However, none of the electronic systems will provide vehicle pos-
ition information to ground stations as an integral part of the system op-
eration, but would depend on the vehicle providing such data on a voluntary
basis.

The result of this evaluatfon indicates that the cooperative systems
of fer considerable potential value in meeting the needs of the nonmilitary
navigator and of the traffic coordination agencies for a traffic coordination
system. The navigator could have accurate information available in all parts'
of the world and under all weather conditions., Similarly, the traffic
corrdination agencies could have accurate position information available for
their use, and would be able to direct more of their efforts to the exceptional
situation requiring decision and action and a lesser amount of attention to the
elements of the system that are proceeding according to plan; thus traffic
coordination could spend more of its efforts on "management by exception”.
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Table IV. EVALUATION OF NAVIGATION SATELLITE SISTEMS

Antenna Requirements (ship or atrcraft)
a. Antenna Motion

b. Directional Antenna’

Reference Variables on Vehicle

a. Vertical

b. North

c. Time, Real

d. Time, Relative

"~ e. Vehicle Velocity

3.

6.

Computation Requirements

a, Comparability

b. Computer Requirements

Orbit Characteristics

a, Orbit Prediction

b. Orbit Data Required by Navigator
Satellite Complexity

a. Functions _

b. Satellite Life

c. Satellite Stores Orbit Data
Navigation Coverage

a. Global Coverage

b. Saturability

c. Observation Period

d. Continuous Coverage

e, All W.eather

f. Limitations

Navigation Accuracy

a. User Equipment Complexity

b. Uniformity

Vehicle Equipment

a., Cost

b. Technological Obsolescence Potential
c. Weight, Space and Power Requirements
d. Maintainability

e. Reliability

f. Training

g. Automation Potential

h. Aircraft Limitations.

9. Ground Stations

10.

a, Satellite Tracking

b. Data Injection

c. Fix Computations

d. Worldwide Locations
Bonus Features

a., Data & {nformation exchange
b. Traffic Control

c. Air-Sea Rescue

d. Time Standard

e, Heading Reference
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VII. ESTIMATED CAPACITY REQUIREMENTS FOR AN INTEGRATED TRAFFIC

COORDINATION AND NAVIGATION SATELLITE SYSTEM

An integrated traffic coordination and navigation satellite system
concept would include the ability to monitor the position and progress
of aircraft and ships in all parts of the world. One present formulation‘
of the system includes the use of medium altitude satellites (about 6,000
nautical miles) and six ground stations to perform the necessary measure-
ments and calculations. The area covered by a single satellite is quite
large, which would allow one of the ground stations to provide services
to ships and aircraft within a correspondingly large area of the world.
However, the cooperative system concept, in which the satellite would be
used to relay transmissions between the ground station and the users,
would have a definite and not unlimited capacity due to the use of a
digital data link. It is therefore desirable to study in some detail
the traffic loads that could develop during the future years, both in
terms of the probable numbers in the various classes of nonmilitary nav-
igator, and the regions of the world in which they could be operating.

The civilian surface and aviation fleets of the world will undoubt-
edly increase during the coming decades. The major problem is that of
defining the assumptions that are used in projecting into the future
from available historical statistical data, Of these assumptions, the
fundamental one, and one that applies in many situations, is that this in-
crease will be exponential in nature barring unpredictable natural or
manmade events that will significantly modify this growth. A second major
assumption is that any changes in growth rafe will take place slowly and
over a reriod of many years or decades,

The coverage area of a satellite is so large that presently defined

geographical areas must be grouped into larger units, Thus, a satel-

11ite with its suborbital point at Honolulu would be able to cover prac-
tically all of North America, the North Pacific Ocean, much of the eastern
coast of Asia, and parts of the South Pacific Ocean, Australia and New
Zealand, The geographical areas that will be used in this report are

as follows: Atlantic Ocean, Pacific Ocean, Indian Ocean, North America,

South America, Europe, Asia, Africa and Oceania,
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The next prcblem is one of estimating the number of ships and air-
craft that could be using the system at any time. This estimate will be
based on the projected acceptance rate by the various classes of user as-
suming that the integrated traffic coordination and navigation satellite
system becomes operational in 1970, It will also be assumed that all
within a class of nonmilitary navigator who will ultimately fnstall the
necessary user equipment will have done so by the year 2000,

Projected Growth of User Classes

There have been few studies of the projected growth of the marine
and aviation fleets of the world. Available statistical summaries have
been used, and the growth rates indicated in these data used in making
population projections through the year 2000, It is significant that
these projections are generally similar to the projected population
growth of the world's population prepared by the Statistical Office of the
United Nations, predicting a doubling of the world population (from 3.2
to 6.1 billion) between 1961 and 2000, ‘

The published statistical summaries for the marine and aviation
fleets of the world reflect the differences in regulations of the several
nations providing data and of the requirements of the international or
trade agencies for which the reports were prepared. The growth projections
for the various classes of nonmilitary navigator presented in Table V (see
following page) should be reviewed as additional data become available in
order to develop more accurate population estimates when the need arises,
Special studies may be required for some of the classes such as the world
fishing fleet and general aviation outside the U, S,

Major Operational Areas

The nature of the operations in which the several classes of

.nonmilitary navigator are engagsed will determine to a considerable degree

the major areas of the world in which these operations will take place.

Commercial ships, and particularly the larger ones, will follow the major
trade routes of the world, Fishing boats will travel to both the fishing
grounds in the oceans bordering their home continents and the major fish-
ing grounds in the Atlantic and Pacifiq. General aviation aircraft will

normally operate in the air space of their home continent,
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This research study is concerned primarily with those nonmilitary
navigators operating in or over the broad ocean areas of the world,
since this forecast will provide a basis for estimating the traffic load
that an integrated traffic coordination and navigation satellite system
might experience at various time in the future,

Fibhiqgjsoatsz There is a trend for the larger fishing boats to Opérate

in deeper waters and consequently at a longer distance from land, with
some concentration of these new fishing grounds in the Atlantic and the
Pacific. The estimated operational areas will therefore deviate to some
degree from that of equal distribution of fishing boats in the oceans
adjacent to their home continents.

The distribution of the powered fishing fleet and its rate of growth
(from over 350,000 in 1955 to over 407,000 in 1960) has been quite stable
during this six year nreriod, as indicated in Table VI following.

TABLE VI -~ DISTRIBUTION OF POWERED FISHING FLEET (Z of World Total)

Area 1955 1956 1957 1958 1959 1960
Africa 1 1 1 1 1 1
North America 28 27 27 25 25 25
South America 2 2 2 2 2 2
Asia 44 45 46 47 47 47
Europe . 19 19 18 18 18 18
Oceania 3 3 3 3 3 k)
USSR 3 3 3 4 4 4

Source: Yearbook of Fishery Statistics, Food and Agriculture Organ-
ization of the UN

If these fishing boats were equally distributed between the major
oceans adjacent to these areas of the world, there would be about 40Z in
the Pacific, about 357 in the Atlantic and about 257 in the Indian Ocean,

‘It will be assumed that aboug 10Z of the larger fishing boats will be in

the Indian Ocean, about 50% in the Pacific Ocean and about 40Z in the
Atlantic Ocean. _

Commercial Ships: The major trade routes 6f the world on which the larger
merchant ships operate are those moving traffic between North America,

Europe and Western Asia. The U. S. Naval Oceanographic Office has pub-
l1ished a chrt of the routes of ships engaged in U, S. trade in 1958, con-
solidating analyses made by that office and the U, S. Maritime Administrationm.
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Based on this information and informal discussions with personnel
concerned with these problems, it is estimated that about 602 of large
commercial ship traffic will be in the Atlantic, about 5% in the Indian
Ocean and about 35Z in the Pacific. The small commercial ships (those
between 5 and 999 tons) are more widely distributed and will generally
sail over shorter distances. The values that will be used in the traf-
fic projection for these classes are 40% in the Atlantic, 30Z in the
Pacific and 30 in the Indian Ocean.

Alr Carriers: The air carrier flights over long distances, either trans-

continental or transoceanic, are the major concern in the present re-
search study, since these are the flights that will require a long dis-
tance navigation system and specialized air traffic control operationms.
Shorter distance air carrier operations will be taken into account by
reducing the estimated acceptance of the integrated traffic coordin-
ation and navigation satellite system., The values that will be used
in the projection of air carrier operational areas are 707 over the
Atlantic, 102 over the Pacific, 15% over North America and 5% over
Europe,

U, S. General Aviation: The size of the business aviation segment of

general aviation (over 50% of general aviation aircraft are used in whole
or in part for business transportation according to the 1962 Aircraft
Owners and Pilots Association survey) indicates that at least some of
these aircraft will make transcontinental or transoceanic flights, It
is estimated that about 1% of these flights will be over the Atlantic
and that the remainder will be over North America.

World General Aviation: Accurate and complete data for world aviation

are not available; the Federation Aviation Internationale data includes
only those aircraft whose owners are members of sport aviation clubs
belonging to FAI while the ICA0 Form H reports do not cover all of the

‘countries of the world, In the absence of more definitive data, it will

be assumed that about 60 of the non-U., S. general aviation i{s located
in Furope, and that the remainder is distributed equally with about 10Z
in South America, Asia, Africa ahd Oceania respectively,

The estimated operational area distribution of the various classes
of nonmilitary navigator developed in this study is summarized in Table
VII, on the following page.
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TABLE VII - ESTIMATED WORLD OPERATIONAL AREAS

Class of
Nonmilitary Atlantic Pacific Indian Afr- Eur- Oce-
Navigator , Ocean Ocean Ocean N, Am, S, Am, 1ica ope Asia ania
Fishing Boats 40% 50 10
Commercial Ships
1000 tons & up 60 35 5
100 to 999 tons 40 30 30
5 to 99 tons 40 30 30
Alr Carriers 70 10 15 5
U. S. General 1 99
Aviation
General Avi- 10 10 60 10 10

ation, Non-US

*Percent of class of user

Estimated Traffic

At this stage, the projected growth and operational location of the
various classes of potential user of an integrated traffic coordination
and navigation satellite system may be used to develop a first approx-
imation of the possible number of users that would be serviced by the
system at any one time, Additional assumptions will be required as to
the initial operational date for the system, and the rate at which the
nonmilitat? navigators will purchase and install the ncessary equipment
on their ships and aircraft. It will be assumed that the integrated
traffic coordination and navigation system becomes operational in 1970,
and that all of those who will use the system will have done so by the
year 2000, If it is desired to estimate the number of users at some time
between 1970 and 2000, one possible assumption would be that additiomnal
users will be added in accordance with the normal distribution over the

‘thirty year period, or that 2X of the total number that will install the

system will have done so by 1975, 16Z by 1980, 50Z by 1985, 84X by 1990, 98%
by 1995 and 99.97 by 2000, The assumptions used for each of the classes
of nonmilitary navigator are summarized in Table VIII, on the following

page,
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Table VIII.V ESTIMATED UTILIZATION AND ACCEPTANCE

P e e e

Utilization Estimated Proportion using System
Class of User Rate 1970 2000
Fishing Boats 50% 2 25
Commercial Ships
1000 tons and up 50 10 80
100 to 999 tons 60 5 50
5 to 99 tons 65 2 25
Alr Carriers 40 10 50
U. S. General 5 1 20
Aviation
World General 7 1 20
Aviation

*Percent of class of user

Projected System Traffic Load.

The population, operational area, utilization and acceptance estim—
ates may now be combined to provide a first approximation of the possible
number of position fixes that would be provided by the integrated traf-
fic coordination and navigatton system during a typical hour. Separate
estimates are presented for the two years, 1970 and 2000, It is assumed
that marine users will require an hourly position fix, that air carriers
will have an average requirement for ten position fixes per hour and
that general aviation will need four position fixes per hour. (See

Table IX on following page).
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