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absolute accuracy of any system. Because it usual-
ly is not practical to measure these parameters
continuously over an entire line, there are always
some un¢ertainties introduced into final calcula-
tions. In this publication, the term "accuracy"
18 not used in the description of individual sys-
tems or equipment,

Instead of "accuracy" the terms "resolution"
and "repeatability" are used as measures of system
performance. The term "resolution" indicates the
smallest lncrement of distance that can be read
from the system., The degree to which a system may
be expected to give the same reading each time it
is used to locate the same fixed point 1is referred
to as "repeatability".


















Autotape 18 an electronic distance measuring
system for positioning boats, helicopters and land
vehicles from fixed shore polnts., It 1is similar
in principle to the Geodimeter, Electrotape,
or Tellurometer. The Autotape system which con-
sists of an interrogator and two responders{simi-
lar to a Master and two Remotes) operates on a car-
rier frequency of approximately 3 glgahertz., It
differs from the other systems mentioned above 1n
that the ranges to the two shore based responders
are automatically recorded at the interrogator.
Thus Autotape offers a new approach to the problem
of recording a large number of positions at a single
point for a better averaged value, or for accurate
tracking along a line of position.

This system utilized the phase comparilson
method of measurement and compares the phases of
modulated frequencies in a sequential pattern.
The phases of three modulated frequencies are re-
solved into a single distance which 1s dilsplayed
and recorded if desired at once a second rate.

On station, the system works automatically, with-
out the need for adjustments, lane-counting or
field calibration. If desired, Autotape can be
operated unattented with a printer - making it
useful for hydrographic applications. ’

Since the system operates in the microwave
frequencies (radar bands), the ranges are limited
to line of sight applications. For shipboard or
launch use, the nominal range would be in the order
of twentyfive miles, but over 100 miles ranges have
been obtained using helicopters. The interrogator
is relatively portable, weighing about 55 1lbs and
having the outside dimensions of 21" by 21" by 11"



deep. Two antennas are avallable and both are
equally compact. The horn type welghs about 20
lbs. (which 1s directicnal) whereas the four lb.
omnidirectional whip 18 only 18 inches long, making
for simple 1nstallation on board any vehlcle,

The two antenn : ~ n be used lnterchangeable at
elther the Interrogator or at the Remotes, The
usual arrangement 1s to have the whip at the moblle
unit and have the horns located at the two shore
stations.

The shore based Responders are also qulte com-
pact, portable, and lightwelght. The responder
welghts about 15 1bs without the antenna. As in the
case of the Interrogator, the Responders can also
operate unattended. Both shlp and shore units are
translistorlzed for low power consumption and uses a
12 volt stora : battery as primary power. The
Interrogator will operate for about 8 hours from the
typlcal heavy duty (fully charged) automoblle storage
battery. The Responders wlll operate for twlce
this period since they draw about one half the
current from the battery.

As mentloned earlier, the principle of operatlion
1s similar t¢o Electrotape or Tellurometer. However,
in thes atter two, to resclve dilstance ambigulty
differe... crystals are switched 1n and the range 1s
read to sequential degree of resolution., The com-
bination of these reading 1s resolved to the total
distance., 1In the Autotape, the varlous crystals are
switched 1n automatlcally, and with the pre-set
propagation veloclty, the two ranges are displayed to
a tenth of a meter at the fine resolutlion or at one
meter resolution at the coarse settlng. It can be
used on a moving vehicles with speeds up to 200 knots
without losing the total range value.









DECCA

Decca Navigator

Survex Decca

Two-Rance Decca

ABSTRACT
Application Medium range navigation or sur-
veying systems.
Frequency Approximately 70 to 130 kHz with
4 frequencies per system.
Type of Transmission Continuous wave,
Type of Measurement Phase comparision, hyperbolic

for Navigator and Survey Decca,
circular for Two-Range Decca.

Range About 300 miles 500km for the
Decca Navigator, and much less
for the Survey Decca and Two-
Range Decca.

Resolution 0.01 lane.

Advantages Decca Navigator most popular
European system for general
navigation. Convenient to use
on charts marked with Decca
lanes or patterns. Has auto-
matic lane identification. Fix
can be plotted within a minute.
Survey and Two-Range Decca
Similar advantages as above. 1In
addition, these two systems are
a portable version of the Decca
Navigator, and the system 1is
avallable for purchase or rental.

Limitations Limlted range for all three sys-
tems. Also needs spec¢lal charts
with the Decca Lanes imprinted on
them. Needs four radio channels
or frequencles.
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The Decca Company has developed a number of
electronlc positioning systems both for navigation
and for surveying. The following 18 a list of thelr
systems:

l. Decca Navige=tor general navigation

2. Survey D :i¢c surveying

3. Two-Range Decca surveylng

4. HI-FIX surveylng

S. LAMBDA surveying

6. DECTRA speclal trackline navigation

7. 77 RHAC long range naviga“’on

8. o.nN alrborne Doppler na-.gation

9. SEA-FIX short range surveying, unattended,

can be placed on a bouy
10, MINIFIX miniaturized HI-FIX

Of the above systems, only the Decca Navigator,
the Survey Decca and the Two-Range Decca will be
described. These three systems are ldentical 1n
principle and coperat’ n. One maln difference 1s
that the Decca Navig..or system has much higher
power transmitters for greater range. The Survey
Decca differs only in the positionling of the Master
station, in that 1t 18 on board ship and 1s con-
structed lighter and packaged for simpler installa-
tion on board the survey ship. If 1t 1s located
ashore along with the Slaves (Survey Decca System)
then the system 1s operating 1n a hyperbolic mode,
but permits unlimited users. If the Master 1s
placed on board ship as in Two-Range Decca, then the
system 13 in Two-Range mode in which the patterns
or lanes are circular in form instead of hyperbolic.
The geometry of the circular system permlts greater
accuracy over an extended area, but it limits the
system to one user because the Master 1s on board the
shilp.



All of the Decca systems are phase comparison
systems, and the original Decca Navigator was developed
durlng World War II and 1s now being used for commer-
clal navigation in Europe and many parts of the world.
Many Europeans prefer Decca over LORAN because of the
hlgher accuracy and ease of obtaining a fix, as well
as continuous tracking. On the other hand, the range
of Decca 1s about one half that of LORAN A, and 1s
much more susceptible to skywave contamination.

Among the various pleces of peripherial equip-
ment manufactured by the Decca Company 1s the Decca
navigator Multipulse Survey Recelver which, when
used with the standard Decca Chain or with a special
chaln set up for the survey, provides greater position
accuracy as well as lane ldentificatlon,

The DECCA hyperboclic radio navigatlon system
was first used in 1944. A DECCA chailn consists of
a Master station located in the center and the three
Slave stations (purple, red, green) located at dis-
tances of approximately 75 to 125 miles away. Thils
system operates on the phase comparison principle
and without modulation, thus the recelvers have very
narrow band-pass, which reduces interference from
adjacent stations. Each chaln uses four radio fre-
quencles in the band from 70 to 130 kHz, and the com-
bilnation of these frequencies are used to resolve
lane ambiguity.

Charts can be purchased with the hyperbolic lines
of posltion over-printed on normal marine charts, thus
aiding the navigator in plotting his position.
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DISTOMAT

Application:
Frequency:

Type of transmiassicon:
Resoclution:

Advantages:

Limlitations:

ABSTRACT

Preclse distance measurement
About 2.9 centimeters (10 GHz)
Modulated radlio waves

One centimeter

Distance readings are read
directly from an 1n-1line
numerical dlsplay. Can be
used elther as a Master or
Remcte. Control unlt can
be separated from trans-
mlitter unit by 100 ft. cable.

Falrly complex equipment.
Internal crystals are at
specifled odd frequencles
instead of belng at 10 MHz
thus requiring a speclalized
counter [for setting crystals.
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The Distomat is a trade name for the Wild
Instrument Company distant measuring equipment
and 1s officially designated as the Wild 50
Distomat. It 18 a combined product of the Wild
Heerbrugg Company and Albiswerk Zurich, Ltd.,
the latter firm being responsible for the elec-
tronic parts. It 1s used for geodetic line meas-
urements in a simllar fashion to Tellurometer and
Electrotape - DM-20. This equipment operates on
the same 3-centimeter radar band as the above two
mentioned equipment. There 1s two-way radio com-
munication between the two instruments, and also
either instrument can be used as a Master or a
Remote set. The observed distance 1s read to the
nearest centimeter, Jjust as is true with the other
two equipment, except that the Distomat is the first
distance measuring instrument in which the measured
distance i3 displayed as a fully-digitalized read-out
in a single continuous number,

Each instrument consist of two pieces of equip-
ment, the transmitter, which 1s placed on the tripod
and the control console which can be placed on any
convenlent box or support and 1s connected to the
transmitter by a cable, that can be up to 100 feet
long without affecting the accuracy or range. Slnce
the two pleces of equipment can be separated, the ob-
server can take a series of measurements from a
sheltered area. Also, the observer can use the cover
of the control unit as a writing desk, and elimlnate
the need for a another person for a recorder., Another
convenlence is a loud speaker so that the observer
can monitor the system without the need for wearing
a headset. If communication 1s desired, a handset
can be used.
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ELECTROTAPE 13 a phase comparison distance measur-
ing system developed by the Cubic Corporation under
contract from the U.S. Army Corps of Englneers., It
initlially was called MICRODIST, but because of con-
flict with MICRODISTANCER (name patented by the TEL-
LUROMETER Co.), the name was changed to ELECTROTAPE
and now has the deslignation of Model DM-20. It 1s
a phase comparison, base line measuring system simllar
to TELLUROMETER and GEODIMETER. The distance informa-
tion 1s carried on a 3-centimeter radar beam (9-GHz).
It 1s unique 1n one manner in that the c¢rystal frequen-
cles are so selected that the wldth of the finest lane
pattern 18 10 meters wide. Since the dlsplay consists
of a 3-dlgit figure, the least significant flgure is
in centlimeters, thus the equipment can be read directly
in centimeters when the average value of the 1lndex of
refraction 1s used (1/1,000,320), Other equilpment
shows the dlstance 1n fractlional parts of a lane and
then thls value has to be converted into distance.

The system has 5 different modulation frequencles so
that the widest 1s 100 km., whlch means that one must
know the distance between the "Interrogator" and the
"Responder" to within 100 km. The one problem with
such a system 1s that the frequencles are 1n odd values
(for example, the channel 1 crystal in the Interrogator
18 7.492427 MHz) and therefore a speclal high quality
frequency counter 1s needed to callbrate the crystals.
Other systems use 10 MHz crystals for the fundamental
or finest lane width. To adjust these latter crystals
to the correct frequency, all one needs 1s a shortwave
receiver and then zero-beat the internal crystal agalinst
the 10 MHZz frequency of statlion WWV,

The ELECTROTAPE uses all solld-state clrcultry ex-
cept for the magnetron transmitting tube, and 1ts history
of reliabllity 1s fairly good. As 1s true with other '
systems, there 1s provision to mailntaln two-way volce
communication with the system. The volce clircuit 1s
























The "EO0S" distance measuring system is an optical-
electronic system similar to the Geodimeter Model 4,
and of similar size and weight. The principal dif-
ference between the EOS and the Geodimeter is the
modulation system and modulating frequency.

The Geodimeter uses a Kerr Cell for the modula-
tion of the light waves, while the E0S uses a quartz
crystal. The modulation frequency of the Geodimeter
is approximately 30 MHz and the modulation frequency
of the EOS is about 60 MHz.

An incandescent lamp is used as the light source
of the EOS and the daylight measuring range is 15 km.
The night time range is claimed to be better than 25
km. The light intensity is claimed to be much higher
than that of the Geodimeter with the incandescent lamp,
since it is claimed that 95% of the light is lost when
transmitted through the Kerr Cell.

The manufacturers claim an accuracy of 5 mm plus
two parts in a million times the distance for distances
above 200 meters.

The instrument is manufactured by Carl Zeiss of
Jena, Germany. No information is available about the
cost of the equpment.






ABSTRACT

Application: Precision base lline meas-
vrements

Frequency: ILight waves

Type of measurement: Phase comparison of a 10
or 30 MHz signal

Range: Line of sight

Display: Dial presentation, null
meter

Bagolution: Approximately 1 centimeter

Advantages: Most accurate fleld method

of electronlc dlstance
measurement avallable
today

Limltetions: Used mostly at nlght.
Line of slght must be
clear of all follage or
other lignt-obstructing
obJects, such as fog or
rain
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The modulated (or pulsed) light beam 1s directed
towards a distant mirror and reflected back to the
GEODIMETER, which 1s focused on a phototube (a tube
sensitive to light variations). Also, a portion of
the ocutgoling light 1s passed to a varlable delay line,
which can delay the light beam over the distance of
one phase at 20 or 60 megacycle. Thlis distance 1s
7.5 or 2.5 meters instead of 15 meters as in Tellu-
rometer. Thus, the Geodlmeter 1s capable of belng
read more closely, since the lane widths are less
than the width of the Tellurometer lanes., Also, the
light waves of the Geodimeter are less sensltlve to
meteorologlcal phenomena than radlc waves so a hlgher
accuracy can be obtalned with the Gecdlmeter.

The reading accuracy of the Geodimeter 1s plus
or minus 3 millimeters. However, the ultlimate ac-
curacy of the position 1s determined by the tem-
perature, pressure, humidity, and color (or atmos-
pheric dispersion).

With the 10 megacycle modulation, the surveyor
must know the true distance to within 3000 meters;
wlth the 30 megacycle modulation, 2000 meters.

Geodimeters Nos. 1 and 2 are quite heavy (over
200 1lbs.) and are well calibrated and thus can be
used for very accurate base line measurements. Model
No. 3 was an attempt to reduce the bulk of the lns-
trument, but 1t was not successful. The Qeodlimeters
Nos, 4 and 6 are more successaful versions. They are
quite compact and light weight (45 1lbs,) and almost
as accurate as the models 1 and 2. However, because
of the smaller mirrors, the range 1s much less. Actual-
ly, the models 4 and 6 can measure as accurately as the
models 1 or 2, but the crystals in the former are not as
stable as the latter. If some external means of measurling
the frequency 1s available, such as a frequency standard,
then the accuracy can be quite high, and the models 4 and 6
have measured lines to an accuracy of better than one part
in a million afer the crystals have been set and checked
by some external accurate standard.
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HI-FIX

ABSTRACT
Application: Medium range nydrographic
surveylng system
Frequency: 1.7 to 2.0 Mz band
Type of measurement: Pulsed, phase comparison
Range: About 150 miles maximum
for the 100-watt trans-
mitters.
Mode of operatlon: Hyperbollc or two-range
Resolution: 0.01 lane
Advantages: Uses only one frequency. If

lane 1dentification 1s desired
a second system with a near-
by frequency 1s used. Rela-
tively lightwelght, and bat-
tery operated. Designed

for rugged use, '

Limitations: As with any phase comparilson
system, Hi-Fix 1s affected
by sky waves interference.
Also parts are manufactured
in Great Britain and at
times are not readily avall-
able 1n the U,S. thus there
are long delays ! obtain-
ing components.
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HI-FIX 1s a medium range surveylng system which
uses the radio-navigation band of 1.7 to 2.0 MHz,
although 1f the need exists, higher frequencles could
be used with correspondingly smaller lane widths.

The problem with usling frequencles other than those
in the radlo-navigational band 1s the interferences
from other services 1n the short-wave radio bands.

Some of the features of the HI-FIX system are:

1.

It uses only one radio frequency. Other
systems use several radloc channels, some of
which have to be harmonically related (which
is a problem in these days of crowded radlc
bands.)

The slgnals from the ship or the shore sta-
tions are not modulated. Therefore, the re-
celvers can be tuned more selectively to
eliminate nolse and interference to nearby
radlo systems.

This system can be arranged to operate elther
as a two-range mode (for single party user)
or in hyperbolic mode (for unlimited users.)

There are two systems, the HI-FIX Type A and
the Type B system. The Type B system 1s es-
sentlally two Type A systems, each operating
on separate frequencles. If the two systems
are operating similtaneocusly, then flxes can
be taken from both systems to check one
agalnst the other and to minimize stoppages
due to breakdowns. But more lmportant, the
B system provides lane ldentification. Wwhile
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operating on the first syatem, if the asecond
system 1s tuned 1in, coarse lane pattern values
are obtalned, the lane width beilng equal to

the half-wavelength of the difference frequency
between the two systems. For instance, if the
difference frequency 18 one-tenth of the origl-
nal frequency, then the lane-widths will be 10
times as wide as previously.

5. Thls equipment can be leased or purchased out-
right. The Decca Company 18 a world-wide or-
ganlization and can provide services anywhere.

6. A number of peripherial equipment 18 availlable
as part of the system, Thls 1ncludes track
plotters, Helmsman left-right indicator, remote
displays, automatic recorders and printers,
automatic battery chargers, light-welght and
compact alrborne equipment, and navigation com-
puters to convert the HI-FIX values, both hyper=-
bolic and two-range mode, into latitude and
longitude values.

The HI-FIX system (Type A) 1s able to operate on
one frequency by virtue of time-sharing the frequency
channel between the Master and the two Slave stations.
A cycle of events takes place each second. After the
initial timing signal, the Master transmits for Q.3
second, and then the first Slave transmits for 0.3
second. The Master unit has three osclllators, two
of which are phase-locked to the two Slave statlons,

The frequency of the Master osclllator 1s trans-
mitted to both Slave stations each of which also have
phase~lock oscillators. As the Master signal is re-
celved at each statlion, the Slave oscillator 1s shifted
in phase to lo¢k into the receilved signal. Then as












36

Lambda 1s a low-ambigulty, accurate positlon-
fixing system for oceanography and hydrography. It
is quite simllar to two-range Decca, with two addi-
tlonal features, The flirst feature 1s lLane Identil-
ficatlon and the second 1s the use of Phase Locked
Oscillators at both ship and ground statlons.

The technique of lane identification 1s entirely
new. It does not require an extra ground station.
Also, 1t only requires one additional radio frequency,
which 1s used for a fraction of a second durlng lane
identification. When the lane identification button
18 pressed, the ship's transmltter shifts to a new
frequency. This operates relays at the ground station
whlch shifts their frequency by about 14 kHz. On the
ship 1s a phase-locked osclllator which was locked to
the ground station transmitter. Since it contilnues
on the same frequency during lane l1dentiflcation, 1t
now differs from ground station transmitter by 14 kHz.
Special phase meters read the ship's position within
lanes of 14 kHz, each lane belng about 1lOkm.

The phase meters do not read the phase of the
signals directly, but the phase of the phase-locked
osclllators, which are in turn controlled by the phase
of the 1Incoming signals. Phase-locked oscillators are
very stable osclllators which operate at the same
frequency as a distant transmitter with phase and
frequency of this oscillator being held to that of
the dlstant transmitter.

Thus, at the ground station, if there 1s a loss
of the ship's transmitted signal due to fallure, nolse,
or skywaves for a short perlod, the oscilllator con-
tinues to run and the ground station sends out 1ts
transmitted signal free of nolse.
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LORAC {Long Range Accuracy) electronic position-
lng system was developed by the Selsmograph Service
Corporatlon of Oklahoma for surveylng and positioning
of oll equipment along the shelf area of the Gulf of
Mexlco, to an approximate maximum distance of 300 miles.
This company has set up a chaln of LORAC stations,
avallable for leasing along the Gulf Coast to provlde
electronlc control throughout the area.

ILORAC 1s a hyperbollc contilnuous-wave phase com-
parlson system using frequencies in the 1700 to 2500
kHz band. In thls manner, it 1s similar to other Bys-
tems such as Decca, HI-FIX, RAYDIST, and RANA, that 1s;
they all are phase-comparison, hyperbollc systems, o-
peratlng 1n the 2 MHz band.

There are basically two LORAC positloning systems,
the Type A and Type B. The Type A has a center statlion
and two end statlons. The difference 1n phase relatlon-

shlp between the center station and any one of the two end

stations produces a hyperbollc pattern. 1In order to
obtaln a statlonary pattern, the end station must either
be synchronized to the center station (so that some def-
inite relationship exists) or there must be some other
means of determinling thls relatlionship and forwarding
that informatlion to the user. 1In the type A systems,
the statlions are not synchronized to each other, but

are all operating independently. Thus, for the first
half of the cycle, the center statlon and left end
station would be radlating two radlo frequencles, one
separated from the other by a low frequency of 135
Hertz. The shlp recelves the two radlo slgnals and
detects the 135 Hertz difference, which 1s fed to one
side of a phase 1ndicator meter. In the meantime,

the right-end station would also recelve the two slg-
nals from the center and left statlons. The 135 Hertz
frequency difference would then modulate the right end
station transmitter which would be picked up by the shilp
and fed into the other side of the phase meter. Since
the right end statlion 1s permanently flxed in position,
the only phase relationship 1t would indicate would be
that of the center and left stations. Thus as the ship
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In addition to the Gulf of Mexico area, t’
Seismograph Service Corporation will provide equipment
and personnel for other areas of the world. Also they

can provide preplotted charts, automatic course plotters,

automatic data recording systems, helmsman steering
indicator, antennas, power system and instrumentation
trallers.

As in any hyperbolic mode of operation, the ac-
curacy of the position decreases proportional with
the distance away from the basellne. The englneers
of the Seismograph Service Corporation have made
extensive studies to improve the overall accuracy
of their system, and for a detalled discussion of
a particular problem regarding the accuracy of LORAC,
the officials of the company should be contacted.

In general terms, the overall positional accuracy
would be in the same order as other hyperbolie
systems operating in the same frequency band.
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LORAN A

Application
Frequency
Type of Transmission

Type of Measurement

Resolution

Advantages

Iimitations

ABSTRACT

Long range navigatlon.
1850, 1500, and 1950 kHz.
Pulse.

Hyperbollc, time difference,
pulse match.

One mlcrosecond.

Nominal long range navigation
with a good degree of accuracy.
Moblle equlpment relatively in-
expensive and standardlzed.
Equipment falrly easy to use
and service.

With present equlpment, two
separate readlngs are required.
The pulse matchling technlque
glves only fair accuracy when
compared to phase matching.

Not considered sufficlently
accurate for surveying.
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LORAN A operates 1n channels wlthln the radio-
navigation band from 1.75 to 2.0 MHz. The average
range of the ground wave (and therefore the most
direct slgnal) 1s about 400 miles over land and
about 700 mlles over water, although thils range
may vary wldely 1n speciflc locatlons. The overall
accuracy of LORAN A (as well as any other system)
1s determlned by the geometry of the radlatlon
pattern, the posltlion of the observer wlthin the
servlce area of the system and by the accuracy of
the time measurement. Thls last factor (time measure-
ment) 1s affected by the recelver callbration and
the propagation veloclty of the radlo waves. 1In
general, the accuracy of a LORAN A poslitlion can be
sald to be about 1% of the distance between the ship
and the LORAN statlons.

LORAN A has one advantage over many other systems
1n that the slgnals are shown on the face of a cathode
ray tube. Thus the slgnals can be observed 1n the
presence of heavy atmospherlcs statlc or other nolses.
Thils 1s also true for the other LORAN systems (B, C,
and D.)} slnce the operator 1s initlally requilred to
select the proper group of statlons.

A dlsadvantage of LORAN as far as frequency
economy 1s concerned, 1s the large frequency spectrum
lnherent 1n pulse modulatlon and the consequently
large recelver bandwldth required. Thils disadvantage
1s compensated for by the fact that LORAN 1s the only
radlo navlgation system that by vlirtue of the pulse
modulation and the cathode ray tube dlsplay allows
separatlion of ground wave and sky wave components
and, at the same time, 1ndicates the rellabllity of
the signal recelved.



Although LORAN A was origlinally designed for
maritime use, 1t since has proven useful for air-
craft and has been used by planes since 1944.

To extend the range of LORAN A and make use
of the skywaves which at a great distance are much
stronger in slgnal strength than the direct waves,
an attempt was made during World War II to make use
of the skywaves. The Slave stations would synchro-
nlze to the Master station skywave, and thus as the
ionlzed layer above the surface of the earth would
sary in helpht, the Slave stations would automatice-
ally compen..te for thls change. This system was
called SS LORAN (Skywave Synchronized LORAN). While
the system was feaslble, i1t was not used to any
extend and was discontinued. The navigators had
charts which would give corrections for skywaves
recelved from regular LORAN A stations and this
served 1n much the same manner as SS LORAN,

Despite the advantages of LORAN A, 1t did not
fulfill the accuracy and range requirements for many
users, and several other systems were proposed,
among which were LF LORAN (Low Frequency LORAN),
Cycle-Matehing LORAN, and CYTAC (the name glven
by Sperry Company for LORAN C). These systems
were finally incorporated into what is known to-
day as LORAN C.

4t
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LORANB

ABSTRACT

Application Medium range precise
navigation (experimental)

Prequency 1850, 1900, and 1950 kHz.

Type of Transmission Pulse.

Type of Measurement Hypernolic, time difference,
both pulse and cycle matching.

Resolution 0.01 microsecond.

Advantages Has the high precision of a

2 MHz phase comparison sys-~
tem and yet retalns the sky
wave and amblgulty-free
features of LORAN.

Iimitations Requlires very strong signal
to nolsge ratlioc for satls-
factory matching, thus lim-
1ting the useful range.

50






LORANC

Application
Frequency
Type of transmission

Type of measurement

Resolutlion

Advantages

ABSTRACT

Extra long range nagivation.
100 kHz band.

Pulse.

Hyperbolic, time difference,
both pulse and phase match.,

0.0l microsecond,

It is the longest range system
with the highest degree of
accuracy avallable in 1865
among shore-based navigation
equipment. It is not affected
by sky wave contamination

as conventlonal phase meas-
uring s tems, Recelvers can
be purcnased wh! will con-
tinuously track AN C sta-
tiona. It can be connected
into an autcmatic data ac-
quisition system and plotter.
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LORAN C 18 similar to Standard LORAN {IORAN A)
in that 1t 1s a pulse and hyperbolic system. LORAN
C differs from Standard LORAN 1n three major char-
acteristics:

1. It i1s poasible to measure the "coarse"
time difference by matching the leading
edge of the pulses (as 1s done in LORAN
A) and the "fine" time difference by
matching the cycles of the radlio freg-
uency waves inside the envelope, there-
by permitting accurate reading without
sky wave contamination.

2. Because of the lower frequency {100 kHz
as compared to approximately 1800 kHz of
LORAN A), a greater range of the ground
wave, particularly over land, 1s obtained.

3. Automatic tracking of signals is avallable
because of the speclal design of the
equlpment,

The LORAN C receiver can detect very much weaker
8ignals in the presence of noise than 18 now possible
with LORAN A recelvers, because of correlation tech-
niques, namely, by transmitting 8 pulses closely spaced.
These 8 pulses, therefore, give the time difference
information 8 times to the recelver durlng one trans-
mission cycle, thus boosting the abllity to detect
weak signals. Also, these 8 pulses are coded (the
pulses start in a positive or negative direction
in a certain order) for each LORAN C station. The
recelver has this same code set up internally thereby
being able to track a given station and ignoring all
other LORAN C stations and nolse.
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As 18 the procedure with LORAN A, the operator
selects the proper station rate and places the Mas-
ter and Slave signals on the proper respective ped-
eatals, as viewed on a cathode ray display tube,

The pulses are then matched visually and the time
difference 18 read from the dials. However in LORAN
C, there 18 a further step, 1n that, both Slave sig-
nals (as well as the Master) are placed on their
regspective pedestals. Once they are set, the re-
celver 1s switched to automatic tracking and the
internal servo system will contlinue to keep the sig-
nals matched and display the correct time differ-
ence continuocusly.

The overall system accuracy of LORAN C 1s claimed
to be plus or minus 0,25 microseconds at 95% of the
time, with the baseline between the stations being
approximately 900 miles. This figure does not take
into consideration the errors caused by irregularities
in the propagation veloclity of radio waves. How-
ever, 1t 1s considered to be at least one order of
magnitude better than LORAN A, all other considerations
being equal. That 1s, the general figure of accuracy
for LORAN A 18 about 1% of the distance from the
ship to the stations, whereas for LORAN C, 1t 1s 0.1%
of the same distance.

LORAN C transmissions are at 100 kHz, which are
synchronized to WVV time transmissions. Therefore,
receivers at fixed locations can use this constant
frequency (good to one part in a billion) to set
thelr electronic clocks and maintain absolute time
to approximately within one microsecond. This sys-
tem 18 being used along the Atlantic Misslle Range.

One of the serious disadvantages of LORAN C
receivers 1s their complexity and resulting high
cost of maintenance. Many recelvers are critical
in operation and requires frequent servicing to
maintaln satisfactory performance.
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LORAN D

This 18 an experimental system belng developed
Yy Sperry Gyroscope Company under contract for the
efense Department. The principle of operaticn 1s
Imilar to LORAN C and the receiving equipment can
btaln a position on existing LORAN C networks or
halns. However, the maln emphasls 18 on making a
ortable, tactical navigation system, taking advan-
age of the latest developments 1n electrconics in
educing the slze and increasing the reliabllity.
lso proposed as part of the system l1ls a data link
or communication between the shilp and shore
tations. Thls equipment 18 belng packaged to be
ortable and easlly assembled as shore staticons.
he shore statlons can be qQqulckly erected wilth a
Inimum of personnel even within range of enemy
uns.

The range wlll be a functlion of the power of
vhe shore stations, but the design plan calls for
a range of 500 mlles with baselines of 300 to 400
miles.
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MAP is an 1lnshore navigation system with a
rangze of about 30 miles or line of sight. It is essen-
tial that a good quality radar be provided as
part of the MAP system., The radar 1s modified
to give a high precision range accuracy and a
selective azimuth contrel so that only the de-
sired shore targets are indicated and shown.

The shore targets are mutually perpendicular
screens mounted on top of a tower or suppert. Two
or more targets may be located ashore to cover the
survey area.

An automatic plotter fastened over the boat
sheet autcomatically follows the ccourse of the vessel
on the sheet. The shilip's position can be pricked
into the boat sheet or observed through cross-hairs.
The ship's distance from both targets is also print-
ed cn a tape at any time or command.

In the survey operatlon, the operator at the
radar keeps a range gate and an azimuth gate on
each of the two targets as seen on the radar. This
is a simple operation which requires little skill.
The purpose of this operation is to exclude all
unwanted targets.

MAP has the following features:

(a) 1In many areas it does not require an active
(powered)} target. These targets are as
easy to establish as visual hydrographic
signals. There is no need to establish
camps for personnel ashore. These targets
are reflectors placed at selected points,



(v)

(c)

(d)

(e)

(f)

In areas where the target 1s 1ndlstin-
gulshable, a nolse-maker 1s attached to
target. This 1s a low-powered trans-
mitter which wlll run a month on a bat-
tery. 1Its purpose 1s to make 1ts target
as seen on the radar different from other
targets or signals.

MAP 18 useful for both large and small
vessels. One radio techniclan 1s needed
to service the system and the storage of
ground station equipment on board the
vessel 1s of mlnor consequences since the
targets and nolse-makers are qulte small.

Targets may be used on buoys or may be
attached to navigatlional alds.

The radar does not lose 1ts value as a
navigational ald or warning system durlng
the survey operations. That 18, the
radar wlll continue to function as a
regular radar durlng survey operatlons.
The radar that has been used 18 the
Raytheon Model 1500 Hadar.

MAP has an advantage over many other short
range systems 1n that the shore equipment
18 nelther expensive nor complicated.,

The Alpine Company has a similar system called

PRS (Precision Ranging System) which uses a Decca
radar and an active transponder for the shore statilon.
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Application:

Frequency:

Type of transmission:

Type of measurement:

Resolution:

Display:

Advantages:

Limltaticns:

MORAN

ABSTRACT

Short range surveyling
400 MHz for original
equlipment, 3-centimeter
radar band for new
equipment

Pulse

Round-trip time valuesa, pulse
matehing, automatie

One thousandth of a mile

Counters, also servoc track
plotter

Portable, rugged, low-powered
drain, low=cost, relatively
easy to operate, no ambiguity

Not aa accurate as phase
comparison systems
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MORAN, a development of the Moran Instrument
Corporation, 1s qulte simllar in many respects to
SHORAN, that 1s; an UHF dlstance measurlng system
utilizing time measurement of pulses in an lnter-
rogator - transponder system. The maln emphasls
here was to develop a llght-welght, low power drain,
rugged lnstrument with a minimum of automatlc fea-
tures to lncrease rellablllity and reduce overall
cost. Also, SHORAN 1s no longer avallable except
as surplus equipment so MORAN and a few other sys-
tems such as SHIRAN, AUTOTAPE, etc. are the only
systems that can be purchased. Whlle MORAN does
not have the automatic recording features of SHIRAN,
it 1s much lower in price. In 1959, the cost of
one system to the U.S, Navy was about $35,000.

Part of the Master (interrogator) system 1is
an automatic tracker and plotter for plotting
tracklines. Thls plotter can be used by lnexper-
lenced personnel 1nstead of cilvll englneers 1in
plotting the posltion. The operation of the sys-
tem 1s also stralght-forward. Just as 1n SHORAN,
the operator aligns up two pulses wlth a marker
and reads off the distances on a numerlcal range
counter.

Since the system operates 1n the UHF band,
on about 400 MHz, the range 1s limlted to line-of-
slght operations, which means about 25 mlles wlth
the typical shipboard antenna installation. Of
course, the range 1s extended 1f the equlpment 1s
on an aircraft. Tne accuracy 18 also 1n the same
order as SHORAN since the princlples are the same.

A modification of this basliec equlpment was
made 1n 1963 which increased the peak output of
the transmitters by 10-fold and thus greatly 1in-
creased the maxlmum range of the system.



The Moran Instrument Corporation is now devel-
oplng a more advanced system which utilized the
same baslc princlples but which would include a
new completely automatic-tracklng plotting system.
This system, which 1s called AUTONAVIGATOR, con-
tinuously plots tne ship's position on a chart
wlthout the presence of an operator. AUTONAVIGATOR
1s avallable for elther purchase or lease. One
feature of AUTONAVIGATCR is that it can be connected
into the ship's autopilot to control the course of
the ship. Microwave bands (radar bands) are used
so0 1lnterference problems with other services are
minimized., Generally, the UHF systems 1interfere
with satellite communicatlions and telemetering
clrcults.

Moran AUTONAVIGATOR operates in X band (3 cm.)
radar band and utilized a 40-KW peak power trans-
mitter and two separate recelvers 1n the ship's
master station. The transmitter and two receivers
are housed 1n a compact, omnidirectional, water-
tight antenna package which is mounted on the
ship's mast. Thls 1s connected to the control unit
and range computer by a flexlble cable instead of
a rigid waveguide which 1s expensive and difficult
to 1install. The computer unit contalns two separate
automatlic tracking range computers for each of the
two receiver channels. Thls equlipment drives two
servo plotting heads which are mounted on a chart
and arranged to plvot about the map positions of
the two beacon stations. These two servo plotting
heads drive a plotting bug by means of two lead
acrews so that the plotting bug automatlically and
continuously follows the ship's position on the
chart while the survey 1s 1n progress.

Some extremely reliable, very compact, low
power beacon statlons are now avallable which can be
operated from batteries at unattended shore stations.
These low power beacons are sultable for ranges up
to 35 miles where line-of-sight conditions exlst.
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OMEGA 13 an experimental long distance naviga-
tion system now being developed by the Department
of Defense for use with surface and underwater ships.
It 18 outgrowth of the RADUX system which was initially
developed to operate on 40 kHz but since greater range
and better phase stability was possible at 10 kHz,
RADUX as such was discontinued and OMEGA 18 now the
system under development. The DECCA Company has de-
veloped a similar system called DELRAC but it 1s
not being used as system since the Decca Company 1is
awalting the outcome of the OMEGA system.

OMEGA 1s a pulsed, phase comparison, hyperbolic,
long range navigation system. In a regular phase
comparison system, the signals from a palir of stations
are radiating continuously and the ship determines
the phase relationship between the two signals. 1In
a pulsed system, the signals only appear intermittently
and thus the phase meters would fluctuate. To over-
come this problem, phase-locked oscillators are used
which serve as storage unlits for the signals from the
shore stations. These oscillators are quite stabile
and they retain the phase information being radiated
from the shore stations. As the pulses come in,
they phase-lock, or adjust the osclillators to the
new phase value. The output of the oscillators are
compared and the phase relationship between two
osclllators are shown on a dial or some other similar
type of presentation. Since the oscillators are
running continuously, the phase meters indicate a
steady value, that 1s, they do not fluctuate. As
the pulses come in, the osclillators move to the
new values and the phase meters adJjust accordingly.

As with any other phase comparison system, there
is a problem of lane ambigulity or identification. At
10 kHz, the lane width at the base line 1s about 8
miles, and the OMEGA equipment can be read to one
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thousandth part of a lane. Thus 1f the navigator 1s
near the base llne, he has to know hls position by
some other means to within the 8 miles, to be certaln
which lane he 1s in. Further away from the base line,
the lane width (proportional to the cosecant of one-
half the angle between the two stations as seen from
the navigator's position) but still there 18 need

for some other means of knowlng one's posltion. To
overcome this problem, additlonal frequencles are
used which, when compared to the 10 kHz frequency,
indicate lanes of much greater wlidth than formerly.
Since lane wldths are 1nversely proportional to the
frequency, 1f 13 kHz 18 compared to a 10 kHz freq-
quency, the difference being 3 kHz, or about 1/3 of

10 kHz, the apparent lane widths will be about 3 times
wider, or about 24 miles wide at the base line. By
using other frequencles whose differences are even
smaller, nuch greater lane widths are then obtailned.
It has been proposed that the coarse lanes should be 1n
the order of 75 mlles wide at the base line in order
that a navigator can resolve his position under any
condltions.

Instead of using separate radio frequen¢y chan-
nels for each chaln of OMEGA stations, a chaln usual-
ly consist of a Master and two Slaves; all OMEGA
stations will be on the same frequenciles, but wlll
time-share these frequencies at one second per sta-
tion. The time-relationship of when the Master and
Slave pulses are transmitted will serve as the lden-
tification for each chaln.

This system appears to be the most suitable for
long range navigation (other than satellites). It
will provide navigational c¢control for submarines,
surface ships, and aircrafts simultaneocusly. 1In
fact, this is the only system that 1s suitable for
submarines. Successful reception of signals have
been made by submarines operating under the ice.
Aircraft have another problem, however, in that of
speed. At sea level and at Mach 1 speed, a Jet
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aircraft can pass through one OMEGA lane (8 miles
wide) 1n about 45 seconds. Thus a loss of signal
for about 20 seconds could result in an improper
lane count. A speclal computer has been design
which will advance the OMEGA position, and also
keep track of the plane's position, using the
coarse lane widths.

In 1965, the OMEGA systemw:zs 8till in the ex-
perimental stage, but a chaln has been set up for
detalled testing. This chain consist of a Master
station at Panama, Canal Zone, and Slave stations
at England, New York, and Hawall. Through the use
of atomic frequency standards, this system willl then
provide a world-wlde frequency and time standard as
well as navigational control.

It has been proposed that seven or eight OMEGA
stations will have sufficlient coverage to permit
navigation over most of the earth's surface,

With minor exceptions, caused by high attenuation

in transmission over the polar lce-cap and perma-
frost, all eight stations will be observable at

any recelving point; five or 8ix of the statlons
will ordinarily supply signals fully satisfying

the system standards of fix accuracy and relliability.
Based on a number of tests, the OMEGA fix accuracles
are estimated to be within a half mile during the
day and one mile at night. There 1s a change 1in

the velocity of radio waves from day to night which
causes a phase shift in the signals belng recelved
on the ship. This variation causes the accuracles
of the OMEGA fix to diminish, although some cor-
rections can be applied which will improve the fix.

Over any more or less restricted area, the ac-
curacy of OMEGA can be improved by perhaps an order
of magnitude by a technique called "Differential
OMEGA" in which the separation of two or more






72

BIBLIOGRAPHY

Casselman, C, D.P. Heritage, and M, L. Tibbals:
"V1f Propagation Measurements for Radux-Omega
Navigation System," PROC. IRE, vol. 47, No. 5,

May 1959.

Pierce, J. A., and S. C. Nath: "Very Low Frequency
Propagation," Annual Progress Report No. 60,
Cruft Laboratory, Harvard University 1961.

Reder, F., P. Brown, G. Winkler, and C. Bickart:
"Final Results of a World-wide Clock Synchroniza-
tlon Experiment Project WOSAC," JOUR. OF
RESEARCH, NBS,January, 1964.

Sples, K. P., and J. R, Walt: "Mode Calculations
for VLF Propagatlion in the Earth-Ionosphere
Waveguide," NBS TECH. Note No. 114, July
17, 1961,

Walt, J.R.: ELECTROMAGNETIC WAVES IN STRATIFIED
MEDIA, Pergamon Press. 1962.

Walt, J.R., and L.C. Walters: "Reflectlon of VLF
Radlo Waves from an Inhomogshneous Ionosphere,
Part I, Exponentially Varying Isotropic Model,"
JOUR. OF RESEARCH, NBS, Vol 67D, No. 3, May-
June 1963,

wWatt, A.D., and R. D. Croghan: "Comparison of Observed
VLF Attenuation Rates and Excltatlion Factors
with Theory," JOUR. OF RESEARCH, NBS, Jan. 1964.

Cromble, D.D.: "Perlodic Fading of VLF Signals Re-
celved Over long Paths during Sunrise and Sunset”

JOUR. OF RESEARCH, NBS, Vol 68D,

Barar, E. and J.R. Walt: "Microwave Mode Techniques
to Study VLF Radlio Propagatlion 1n the Earth-
Ionosphere Wavegulde," QUASI-OPTICS, J. Fox, ed.
Polytechniec Press, Polytechnlic Inst. of Brooklyn,

New York.



Hargreaves, J. K.: "Random Fluctuations in Very Low
Frequer~y Signals Reflected Obliquel'r from
the Ior._3phere," JOUR. ATMOSPHERIC A..D0 TER-

RESTRIAL PHYSICS, Vol. 20, 1961.

Hargreaves, J. K., and R. Roberts: "The Propagation
of Very Low Frequency Radlo Waves Over Dia-
tanc Up to 2,000 km," JOUR. OF ATMOSPHERIC

AND +e=RRESTRIAL PHYSICS, Vol. 24, 1962.

Pressey, B..., G.E. Ashwell, and J.K. Hargreaves:
"The >hase Variation of Very Low Frequency
Waves opagated over Long Distances," PROC.
I.E.E. B-108, 1961.

Appleman, H.S.: "A Preliminary Analysis of Mean
winds to 67 Klilometers," JOUR. OF GEOPHYSICAL

AESEARCH, vol. 63, No. 6, March 15, 1964.



Application:

Frequency:

Type of measurement:

Range:

Mode of operation:

Resolution:

Advantages:

Limitations:

RAYDID1

ABSTRACT

Medium rang< hyc raphic
surveying system

1.6 to 3.3 MHz (M=asurement
frequenc . Rel., frequencles
can be any radio channel upon
which modulated signals are
permitted

Continuous-wave, phase
comparison

About 150 miles maximum

for the 100 watt transmitters,
Correspondingly less for

the 15 watt transmitters

Hyperboi.¢ or two-range
depending upon the system

0.01 lane

Very accurate control, system
relat ely easy to use,

Some systems suitable for
aerial photogrammetric
surveys

Requires a number of fre-
quencies, usually 4; no
lane identification avall-
able

Ty



RAYDIST {( Types E, R, ER, N, & DM)

Raydlst 18 a radio system in which the phases
of two contlnuous-wave slgnals are compared. It is
based on the heterodyne princliple and uses low or
medium frequencles. It requires a minimum number
of frequencles and these frequenciles usually need
bear no flxed relationshlp with each other.

A number of desligns of the Raydist system en-
able position lines of various configurations,
such as circular, hyperbolic and elliptic. The
moblle portion of the apparatus can be made very
light and the ground equipment both highly trans-
portable and free from complex or bulky antenna
structures. It operates automatically and requilres
no speclally tralned personnel. 1Its range, due to
the frequency used, 18 not limited to llne~of-sight
operation. The range varles for each type, depend-
ing upon the power of the transmitters.

In the Decca system, the phase of two radlo
waves are compared. However, 1ln the Raydist sys-
tem, the phase of the beat note (which 1s about
400 cycles) 1s compared. Since this 18 an audlo
frequency, the phase meters are simpler and not
so critical in construction.

The type R system 18 an one-dimensiocnal clrcu-
lar configuration. That 18, 1t measures one dis-
tance. The type R 18 not sufflclent for obtalning
a position, but merely a line of positlon.

The type E system 18 a hyperbollc conflguration

using three ground stations. In thls system, the
indicating phase meters can elther be placed on the
mobile craft or on any fixed shore 1lnstallation.
At that position, 1t will contlnuously track the
moblle craft. In this case, all that 1s reguired
on the moblle craft 1s a single frequency unmodu-
lated transmitter. This system 1s often used 1n
aerial surveys. The plane can use any of 1ts
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regular communication transmitters, by merely
leaving 1t on without modulation. This signal

1s picked up by the shore stations and relayed

to the indicator which can be at any shore point

or on the plane. Quite often 1t 1s more conven-
lent not to have any speclal equipment on the plane
30 that any plane can be sent on a mission, and

its flight would then be accurately logged.

The type N system 1s a hyperbolic system like
Decca but 1t provides lane 1ldentification by provid-
ing a coarse lane which 1ls about 30 times as wlde as
the fine lanes, It does this by having six trans=-
mitters, five of which are all on the same frequency,
but having different tones near 400 cycles, and the
slxth one on a second separate unrelated frequency.

The type ER system 1s a comblnation of the E
and the R system 1n that 1t willl supply a two-range
information. The actual configuration is clrcular-
hyperbolic, but by relatively s=imple computation,
the hyperbolic information together with the range
information will give a second range value for the
moblle craft.

The type DM system 1s a range-elliptical system
that requires four radlo frequencles. This distance
to one station 1s read directly on one phase meter
dial, but the distance to the other shore statlon 1s
automatically and continucusly computed and the
second meter dlal indicates the range to the second
shore station.

In all systems, the phasemeter dlals indlcate
fractional part of a lane to the nearest 0.0l lane.
It was found, however, that readings to the nearest
0.1 lane were sufficiently accurate for purposes
of surveylng or hydrography.
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Attached to the phasemeter dial is a counter
which registers the number of revolutions made by
the pointer hand of the dial. Since one revolution
of the hand is a lane, then these counters regis-
ters the total number of lanes. On the portable
transistorized Raydlist, instead of the dials men-
tioned above, a 7-place counter, similar in appear-
ance to the odmeter on a car, indicates the value
with the last two digits indicating the fractional
one-hundredth part of the lanes.

The most popular of the Raydist systems is
the DM (distance measuring) system since it results
in a c¢ircular plot., 1In this manner, it 1is similar
to the Z-range Decca, or Lambda. Circular plotting
s8heets are easy to construct since they consist of
a serles of equally spaced concentric circles from
each of the two shore stations. Another advantage
is that since the lane widths are constant through-
out the sheet, the error remains constant, whereas
in the hyperbolic plot, the error increases with
increased distance from the shore stations because
the lane widths are increasing correspondingly.

Raydist is often compared to Decca Hi-Fix
since the latter can be used in the two-range mode
also., They both have the same general order of
accuracy as both use the same general frequency
band. However, Raydist doubles its frequency so
its lane-widths are one-half that of Hi-Fix and
thus its resolution is twice as fine. Raydist
is a continuous wave system where Hi-Fix 1is
a pulsed system. Because of this fact, Raydist is
more sensitive to small motions, and the rolling
of the ship can be seen on the indicators. However
currently, Raydist requires four radio channels of
which two must be harmonically related. A new sys-
tem under development by Raydist will require five
radio channels. This will permit true two-range
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operation instead of range-elliptical. This will
eliminate the need for signals to travel from one
shore station to the other with the corresponding
problems of nolse and attenuation.

At this time Raydist does not have lane iden-
tification, but they have developed a multi-party
system using the two-range mode. By using different
tones for each user, they are able to accommodate
up to three users or ships with a single pair of
shore stations. The only limitation is that the
users can not be too far separated, that is; there
should not be too great in difference between the
signals from the various users.

The regular DM system consisted of vacuum tubes
receivers with 100-watt transmitters. Presently
only the transistorized receivers are manufactured
and these are avallable with either 15 or 100 watt
transmitters.

The Hasting-Raydist Company provlides services
as well as equipment, and they have stations for
commercial use both on the Gulf and Atlantic Coasts.
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Application:

Frequency:

Type of measurement:

Range:

Display:

Resolution:

Advantages:

ILimitations:

SHIRAN

ABSTRACT

Precision short range sur-
veying system

3 GHz (10 centimeter
radar band)

Sequential phase compar-
ison

Line of sight

Four in-1line digital
readout

0.2 meter

Automatlic continuous
tracking up to four
shore based stations
for high accuracy.
Recorded on magnetic
tape for computer pro-
cessing.

Shipboard Interrogator
system 1ls quite large

and complex. Most applica-
ble for alrcraft photo-
grammetric operations.
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SHIRAN 1s an automatlic distance measuring
system, capable of simultaneously readlng and re-
cording the ranges to four transponders on the
ground with a hligh degree of accuracy; sultable
for geodetic measurements and photogrammetric
control. SHIRAN (S-band frequency HIRAN - see
SHORAN) 1s manufactured by the Cuble Corporation
of San Dlego, Callfornla and was developed for
the U, S. Alr Porce program on worldwlde geodetlc
survey. SHIRAN has lmproved accuracy, more ef-
ficlent operation and data handling characteris-
tics than HIRAN, The greater accuracy 1s mostly
due to the fact that ranging or dlstance measure-
ments are made to 4 stations simultaneously in-
stead of two, which results 1n a stronger posl-
tlon, Of c¢ourse there 1s stlll the problem of
the uncertainty of the propagation veloclty of
the radlo waves, caused by meteorologlcal var-
lationa, but a number of tests have 1ndlcated
that the positional accuracy of the flx can be
less than plus or mlnus 25 feet.

SHIRAN 1s simllar to HIRAN or SHORAN 1n that
1t 1s a dlstance measurlng system, but differs
In that 1t 1s a phase comparlson system. 1t 1s
also capable of recording on magnetlc tape, the
range measurements at the rate of 5 tlmes per
second; whereas with SHORAN, the time 1s limited
to the ability of the operator to make the a-
lignment and read the position -- usually 30
seconds for a filx involving two statlons.

The alrborne unlt, called Interrogator,
transmits four modulation frequencles whlch are
superimposed on the carrier frequency of about
3 GHz. The ground unit, called Transponder,
recelves the signals and retransmits them
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on another nearby frequency. Then the alrborne
unit compares the phase relationshlp of each out-
going modulation frequency with the phase of the
returning modulation frequency, and the phase dif-
ferences are converted into dlstance measurements
which are recorded automatically. The four mod-
ulation frequencles are used to give both accuracy
and non-ambiguity, which tend to be incompatible
objectlves. The hlghest frequencies give the
smallest lane widths and the smallest increment
that can be read 1s 0.725 feet, or 0.2 meters;
while the width of the widest lane that can be
determined is 500 nautical miles. To provide
stabllity and reduce erratic operation because

of nolse, the four modulation frequencies phase-
lock four internal osclllators in the Interrogator
Set and these phase=lock osclllators serve as
storaqe and memory units for the range informatlon.
If a "wild" reading comes in, because of inter-
ference or noise, the phase-lock osclllators will
ignore 1t.

Four selective tones are used to turn on
each of the four transponders, the system reading
the range to each transponder ln sequence, all
within a fifth of a second. The phase information
from the four transponders are stored 1in sixteen
phase-lock oscillators and then 1t 1s displayed
for the convenience of the operator and also re-
corded on magnetic tape in IBM format for later
processing.
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OHURAN

Application:
Frequency:
Type of measurement:

Range:
Resolutlon:
Display:

Advantages:

Limitations:

ABSTRAC:

Short range surveylng
200 to 300 megahertz
Pulse matching, time values

Line of sight, usually
about 40 miles

One thousand of a statute
mlle

Counters

Provides distance informa-
tion wlthout amblgulty.
Relatively easy to operate

Not as accurate as phase
comparison systemsg. Now
1s an obsolete system and
also not permitted in
many areas because of
interference with sig-
nals to satellites.



SHORAN (SHOrt RAnge Navigation) is a pulse,
distance measuring system resulting in a circular
plotting system lnstead of a hyperbolic plotting
system, It was developed during World War II for
the U. S. Alr Force for pin-point bombing and was
used during the latter part of that war over
Germany. It operates in the UHF band from 200 to
300 MHz.

The alrcraft transmits first on 230 MHz which
i1s picked up by one of the two ground stations whose
recelver 1g tuned to that frequency. Thls station
in turn transmits a pulse back on 310 MHz for each
pulse received, and thus the plane is able to de=-
termine the distance by measuring the round trip
time of the signals or pulses., Then the plane
transmits pulses on 250 MHz which is plicked up by
the other ground statlon which 1s tuned to this
frequency. This station in turn transmits back
to the plane also on 310 MHz; and the second dis-
tance or range 1s measured by the alrcraft. The
alrecraft operator measure the distances by allgn-
ing the transmitted signals with the correspond-
ing recelved signals from the ground statlions.

To make the alignment, the operator turns two
range dials, and he can read from these dials
the ranges to the two ground statlions., The air-
craft SHORAN equipment is switching from 230 to
250 MHz at the rate of 10 times per second, so
the signals from the two stations appear contin-
uously on the cathode ray tube because of the
persistence of the material in the tube.
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The original alrcraft SHORAN equipment had
the military designation of AN/APN-3, and the
ground stations were called AN/CPN-2. Then several
years later, on another Alr Force contract, RCA
company redeslgned the SHORAN system and 1t was
given the name of HIRAN (HIgh accuracy shoRAN).
The designation for the airborne equipment (HIRAN)
1s AN/APN-84 and the ground stations are called
AN/CPN-2A. One of the improvements with HIRAN
over SHORAN 18 an expanded time base, s0 that the
clrcumference of the clrcle on the cathode ray
tube now represents 0.2 mile instead of 1 mlle.

There are still a few government agencles
and oll companies using SHORAN or HIRAN for sur-
veylng but, for the most part, the equlpment 1s
obsolete and has been superceded by other systems,
malnly the phase comparison systems which have a
higher resolution and automatic tracklng systems.
The advantage of SHORAN and any time-measurlng
(pulsed) systems over phase comparison systems 1is
that there 138 no lane amblgulty problem. With
any phase comparison system without lane ldentifi-
cation one must know their approximate location
and then the phase system can resolve this to a
fine degree.
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TELLUROMETER

ABSTRACT

Applicat*on: Precise distance measure-
ment

Frequency: From 3 to 35 (QHz depending
upon which model is used

Type of measurement: Phase comparison

Range: Line of sight

Resolution: From 3 inches to 1 milli-

meter depending upon
model used

Advantages: This company has produced more
ingtruments of this type
than any other c¢ompany,
thus they have bullt up
considerable experience.

Limitations: Although many of the sets
are assembled in the U, S.
yet many of the parts are
manufactured in South
Africa and at times there
may be considerable delay
in the delivery of spare
parts.

88



Tellurometer 1s a phase comparison base-line
measuring system similar to Electrotape and
Geodimeter. It 1s more simlilar to Electrotape in
that radar frequencies are used to carry the dis-
tance information while in the Geodimeter, light
waves are used. All three systems uses crystal
oscillators, which modulates the radio or light car-
rier waves; to produce the basic measuring frequen-
cies. Therefore, the stabllity of the measurement
circultry depends upon the stabllity of the crystals.

Tellurometer was developed in the Union of
South Africa and 1s the first and the most widely
used geodetic system avallable today. All these
electronic systems have a distinct advantage over
the invar steel tape method of measurement in that
long lines can be spanned at one time over difficult
terrain or water. Tellurometer (and Electrotape)
has the advantage over the Geodimeter in that it
can be used during the daytime and in sunlight as
well as In smog over relatively great distances.

The original Tellurometer was called the Model
MRA-1. The phase information was projected on the
face of a cathode-ray tube as a break on a circle
as seen behind radial graduations which were indi-
cative of the distance value. A viewing mask had
to be placed over the tube in order to see the
circle on the screen of the cathode-ray tube. As
can well be imagined, at times and in bright daylight
there was some difficulty in viewing the circle.

Model MRA-2 was an improved version of the model
MRA-1, but essentially it was the same instrument and
the two could be used interchangeably. Model MRA-3
used a null meter and a digital dial simlilar to the
Electrotape. This was a considerable improvement in
that no viewing mask was required and the instrument
could be operated easily in daylight.
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Model MRA-4 1s the latest development (1966)
of the Tellurometers and 1s qulte drastically
changed from the older models. Its operating
frequency 1s about 35 glgaHertz whereas the models
1l and 2 were 3 GHz and the model 3 operated at
10 GHz. This higher carrier frequency projected
a narrower beam width (2 degrees) and a higher
Internal measurement frequency resulted 1n a
resclutlon of plus or minus 1 millimeter. The
Instrument 1s bullt to meet military specifications
and contaln silicon scllid-state circultry for
operation over a wider temperature range.

The Tellurometer company also produces the
model MRA 10l instrument which 1s thelr most lightest,
and lowest cost system avallable, eEach lnstrument
welghs 16 1lbs, and a palr of 1lnstruments, complete
with tripods and other accessorles cost less than
$9,000.00. This model 1s compatible and can be used
with the MRA-3 units.

In addlition to the systems mentloned above for
geodetlc measurements, this company also manufac-
tures the HYDRCDIST which 1s two separate Tellu-
rometer systems mounted on a ship. Each of the
two masters are mounted side by slde and almed to
thelr respective remote units. OCbvlously thils
system 1s used for preclse hydrographlc control
and of course 1t would not be sultable 1n choppy
seas or on rolling shipa because of the narrow
width of the radio beam. The Tellurometers are
modifled so that the filnest or least significant
digit 18 in meters 1instead of centimeters. To
resolve ambiguity, the Master operators can elec-
tronically switch crystals 1n the Remotes without
calling the Remote operator.






TRANSIT

Application:

Frequency:
Type of transmlission:
Type of measurement:

Resolution:

Range:

Advantages:

Limitations:

ABSTRACT

Precise long range navliga-
tion

150 and 400 MHz
Phase modulated signals
Doppler shift

1/100th of a minute of
Lat. or Long.

Ship has to be within
recelving range of the
satellite

Promises to be useful
system for worldwide
navigation

Position can be obtained
when within range of the
satellite, thus continuous
tracking 1s not possible.
Shipboard system complex
and expensive
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