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Abstract

A number of airborne electronic devices were developed and used
during World War II for control of dlind bombing and for preciss navi-
gation. Many of thess devices have been tested for application to
problems in surveying and mapping. The resunlts of these tests, par-
ticularly with reference to Shoran are 80 promising that available
equipment. should be placed in operational use at once and no time
should be lost in further development of instruments specifically for

survey purposes.



RESTRICTED

1. ODUCTION

If past experience is a gulde, no invention that is destined to
have a profound effect on the economic life of a nation is brought
forth fully developed. The radio, the airplane, ani the automobile
required years of gradual development before they were entirely
practical. The same ias true of radar and the host of radar-like de-~
vices designsd to measure distances or to determine relative positioms
on the earth's surface. Contrary to the impression given in a flood
of technical and lay articles that have appeared in newspapers and
magazines, often by very reputable authors, in fact these devices are
today still in the early development stage and are subject to serioua
and uncontrollable errors.

1.1 Electronic Survey Equipment .

If Shoran can be developed to incorporate sufficient accuracy for
geodetic control surveys it will revolutionize certain phases of sur-
veying as we know it today. It will enable the surveyor to do what he
cannot do by optical instrumental means. It will make possible dim-
tance mesasurements between continents and it should reduce the cost
and time of some field operations to a fraction of what they are to-
day. Accurate maps and charts are important for a multitude of
economic and commercial purposes, but are essential to successful mil-

itary operations and are therefors a necessity in planning national

-] -
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defense. Rlectronic survey equipment today affords the only practi-

cable means of mapping extensive enemy territory.

1.2 Uses of Electronic Devices for Cartography.

Electronic devices will find many applications in the field of
cartography. 'I'ﬁey are now being used elther operationally or experi-
mentally in fields such as geodetic surveying, positioning of asrial
photography, hydrographic surveying, determination of aircraft flying
heights, and small area ground surveying.

1.3 Uses of Electronics in the Field of Geodesy.

One of the more important uses of electronics in this age of
glabal warfare will be in the field of geodesy. Gaodstic control is
the framework of a map and can be compared with the foundation and
stesl freme of a large building. After the building is finished the
freame is hidden from view; and similarly with a finished map or chart,
the geodstic frems is not apparent, although for extensive map cover-
age it may be the most important feature. This gesodetic framework
determines the scale of the map, and its accuracy, orientation, and
placu@nt on the earth's surface. In other words, if two maps are on
the same geographic datum they are correctly referenced to each other.
If they are not on the same datum the maps cannot be fitted together
to form a unified area coverags across the boundaries of countries
and continents, and the maps do not meet the requirements for modern
military purposea such as guided missiles, strategic bombing ,l!ﬂ
precise mvigation.

-2
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2. A BRTEF DESCRIPTION OF EIECTRONIC SYSTEMS

The electronic devices that have possibilities of application to
cartographic problems generally resulted from developments for spe-
cific purposes during World War II such as blind bombing and precise
navigation. These devices were all designed to accomplish one of
two cbjectives - namely either to determine an observer's position
with reference to two or more fixed points, or to measure the dis-
tance from the observer to one or more fixed points.

Electronic systems can be classified in several ways:

(1) whether they are of the pulse or phase-matching type

(2) by the frequencies used

(3) whether they are circular or hyperbolic; in the circular

systems distances are measured directly, but in hyperbolic
systems lines of posmition are obtained.
All systems mentioned in this study are of the pulse type, except
Decca which is of the phase-matching type and Consol which is &
directlonal system.
The systems considered herein are arranged below by their approx-

imate operating frequencies:

Decca 80 -~ 150 kilocycles
Consol 260 - 500 kilocyolea
loran about ~1900 kilocycles
Gee 20 - 80 megacycles
G-KE .

Shoran 250 - 300 megacycles
Oboe about 3300 megacycles

- 3 -
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In this paper the hyperbolic-versus-circular classification has
been - Loran, Gee, and Decca being hyperbolic, end Shoran, G-H, and
Oboe being circular. Consol 18 in a class by itself inasmuch as by
means of it azimuths or true directions are measured with reference
to the position of the station.

2.1 Hyperbolic Sysjiems.

The principal advantage of a hyperbolic system is that the ob-
server requires very little equipment to determine his position. A
simple lightweight radio receiver with a built-in device to measure
time or phase differences electronically 1s all that i1s necessary.
This equipment need not weigh over a hundred pounds. The disad-
vantages are that the installation at the fixed ground stations is
somewhat elaborate and that the observer requires specially prepared
charts or tables. The charts or tables have to be computed, drawn,
and published in advance for each particular pair of ground stations.

2.1.1 loran: Loran is & ship or alr long-range navigation system,
designed during the war by the Radiation Laboratory at Massachusetts
Institute of. Technology, Boston, Massachusetts. It ia in operation
today by the U.S. Coast Guard, providing coverage for the North
Atlantic and North Pacific Oceans. The necessary charts are provided
by the Hydrographic Office of the Navy and the Coast and Geodetic
Survey of the Commerce Department. Loran ground stations are estab-

lished at known geographic positions; they operate in pairs, generally

-‘-
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called master and slave. The two stations radiate pulses of energy
with a fixed-time delay between master and slave. The tim; differ-
ence in arrival of these pulses at the observer's receiver determines
a line of position which can be readily plotted on the special loran
chart. Readings from two pairs of stations determine a fix.

Standard Loran employs a frequency of about 1900 kilocycles per
second. The range over water is about 700 miles in daytime and 1,k00
miles at night. Over land the groundwave range is very poor, being
only about 200 miles over rough terrain.

The accuracy of Loran is undefinable, inasmuch as it depends on
the obaerver's position with reference to the ground stations, whether
the wave path is over land or water, and on the time of day. 1In the
daytime, distances may be expected to contain errora of abc;ut one half
per cent of the range, with somewhat larger errors indicated for night
reception. This order of accuracy limits the use of the system to
navigation or to control for field operations where only approximate
positions are required.

2.1.2 Geo: The Gee system waz developed in England primarily
for air operations, but it was also found very useful as a navigation
aid for ships taking po.rt in the invasion of Europe. -
 Gee 1s identical with Loran in principle, but the transmitting
's* .tions are sited clogor together and the treansmitters employ higher
frequencies, with & resulting decrease in effective rangs. The so-
curacy of Ges is similar to Loren, boing about ome half per cent of
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the range for average conditions.

2.1.3 Decca: In systems such as Loran and Gee the ground stations
transmit a ssries of pulses of energy, and the observation made at the
receiving poaition 18 a direct measurement of time differences. In the
Decoa eystem however, the transmitted signals are locked together in
phase and the measurements at the receiving position are made in terms
of wave length and fractions of wave lengths. Decca usually employs
three ground stations, ons master and two slaves. The frequency of
tﬁo slaves is related to that of the master station in a simple ratio .
such as 4:3 or 3:2. The user, by means of a multi-channel receiver,
measures the phase difference at the lowest common multiple frequency or
comparison frequency of each pair. This phase difference translated
into a distance difference determines a Decca line of position. A
fix is determined from two or more lines of position.

Decca utilizes the frequency band of 80 to 150 kilocycles and
has a practical range limit of about 300 miles. The accuracy near the
base line between stations is of the order of ten meters but the prob-
able accuracy decreases as the distance increases and as the relative
position of the obaerver changes with reference to the stations. An
average accuracy commonly mentioned for a Decca position is about £ 40
moters.

. One pressnt disadvantage of Decoa is the difficulty of "lane"
‘identifioation. If the user starts at a known position, Deccs will
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continuously indicate his changing position; but Decca will not in-
dicate the position of any otherwise unknown location. Experiments
are in progress to provide some a;rt of "lane" identification. And,
as for Loran, special overprinted "lattice" charts are necessary.
2.2 Ranging Systems. ‘

In this catagory are classificd the electronic devices which
measure directly the distances between the aircraft and ground station.
These are the only systems that have been seriously considered for
geodetic control purposes. The disadvantages of these systems are
that more elaborate equipment has to be carried in the aircraft and
that the higher frequencies which must be employed to obtain the
neceasary accuracy confine the method closely to line-of-sight dis-
tances. The advantages are simplicity and flexibility in that no
precomputed charts or tables are required in order to determine a
position. The ground stations are also portable in the strict sense
of the word.

2.2.1 ghoran: Shoran was developed during World War II by the
Radlo Corporation of America for use in strategic bombing. It was
successfully used for blind bombing in the Eurocpean Theatre. Es-
sentially the system operates as follows: A pulse of energy 1s trans-
mitted frvm the aircraft to a ground station. This ground station

mim, amplifies, ani retransmits the pulse to the airoraft where:

thumwﬁwnmﬂuw-ﬁuwnmm
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in statute miles with provision for automatically subtracting the
instrumental delays. One operator in the plane can match pulses to
two ground stations simultaneously, thus fixing the plane's position,
with respect to the ground stations. The plane's position may be
determined continuously or as often as desired. The operating fre-
quency is in the neighborhood of 250>to 300 megacycles. Inasmuch as
the path of the radio waves is essentially optical, the maximum
practical range from aircraft to ground station is about 300 miles.
The maximum practical geodetic distances that can be measured 1s,
therefore, about 600 miles. A proposed technigue of employing air-
borne relay equipment in geodetic operations, however, may extend
considerably the measurement of distances from aircraft to ground.
The Coast and Geodetic Survey is currently using this system success-
fully to determine positions of a survey vessel in offshore hydro-
graphic surveys to distances of 60 or 70 miles. Commercial aerial
mapping companies are also using a very similar procedure for posi-
tioning air photographs at the time of exposure and for control of
magnetic surveys. The accuracy of Shoran line measurements may be
considered at present to be approximately, plus or minus, 50 feet on
lines up to 280 miles in length. The probable error of positioning
asrial photography for mapping and oharting with ourrent Shoraen equip-
‘memt 18 £ 50 feet.
2.2.2. G-JH: G-H is the British counterpart of Shoran, and vas

developed originally for the seme yurposs. Its cperstional techoiques

o, : - ' '
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are the same as Shoran and subject to the same errors and limiting
factors. The principal differences are the operating frequency and
in the method of determining the distances, which are read in the
form of "G" units and subsequently converted into any standard unit
of measurement desired.

2.2.3 0boe: Oboe 1s similar to G-H except that control is
reversed. The transmitting and recording equipment 1is at the ground
station and the transponder station 1s in the aircraft. This system
permits of greater theoretical accuracy in reading the ranges because
of the use of a higher frequency, heavier equipment and better facil-
ities that can be set up at a ground station. The operational 4iffi-
culties, however, outweigh any possible gain in accuracy.

2.3 Directional Systems.

The measurement by electronic means of true directions or azimuths
on the sarth's surface has been studied and experimented with for many
yoars. Except for standard ship navigation devices, however, most
proposals have not gone beyond the paper stage and even theoretical
claims hold forth little hope that directional systems will have
sufficient accuracy for geodetic work in the foreseeable future.

2.3.1 Consol: Consol is a German-developed direoctional pavi-
eation system, originally called SONNE. German equipment captured dy
the Allies is now in operstion at Stavanger, Noxway, and at I.ua: m
Serille, Gpatn, in addition to o station recently established by the
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These grcund stations, or beacons, transmit dot-ard-dash signals
continuously and the observer determines his position with reference
to two or more bemcons by counting these signals during a cycle of
transmission and referring to a special chart overprinted with Consol
grid lines. The power output of a beacon 1s about 1.5 kilowatts at a
frequency of 260 to 500 kilocycles per second, giving an effective
range of 1,500 miles over land under favorable conditions. The only
receiving equipment needed 1s an ordinary communications receiver,
and a Direction Finder lcop. The accuracy of a-bearing depends on
the observer's position with reference to the beacons and varies from
0.2° to as much as 3° near the edge of coverage.

Consol is prodbably the best of the electronic direction systems,
but it still falls far short of the requirements for geodetic survey
purposes. The system may have future application to navigation and to
control surveys where accuracy is not a prime requirement, as in

oceanography or magnetic surveys.

3. APPLICATION TO CARTOGRAPHIC PROBLEMS

The measurement of accurate distances in surveying is so funda-
mental that i1f electronic devices can be utilized for this purpose
it will affect all phases of field work. To discuss all these phases
is beyond the intended scope of this study, so four of the main carto-
graphic problems have been selected for a closer examination to see
vhat airdorne electronics might accomplish when applied to the more
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important and fundamental operations.
3.1 Geographic Datum.

The geographic datum, also called horizontal or geodetic datum,
of a map conslsts of the adopted poaition in coordinates of latitude
and longitude of an injtial point, to which the mapped features of
a vast region are referred, the azimuth of a line from this point,
and the identity of the terrestrial spheroid used. In modern mapping
all latitudes are reckoned north or south of the equator and longi-~
tudes east or west of Greenwich Meridian. As it 1s obviously impossible
for a surveyor to measurs actual distances on the sarth from the
equator and from Greenwich to the site of his survey, he has to
determine the position of a "point of origin" by astronomic obaerva-
tions. This would seem to be a simple matter, inasmuch as the posi-
tions of astronomic bodies are known with & relatively high degree of
accuracy. Actually, however, the problem of determining accurate
geodetic positions by astronomic observations has so far defied
solution because of the unpredictable dsflection of the vertical caused
by the irregularity and variadble density of the earth's ocrust. In
the 11ght of present knowledge it can be cat.agoneuu'_'-um that
it 1s impossidle to determine & trus geodetic position by astronomic
observations, or by any other independent means.

From the above statement it can be seen that all unconnected

' geographic datums are in error with reference to one another by vary-
1n¢ smounts. This condition is, of course, only a minor inconvenienoce
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to one whose interest is limited to local mapping, but to the military
cartographer, who must deal with global map coverage, the problem be-
comes very serious, and the solution he adopts is an empirical one
and may incorporate errors in the maps which endanger the user. This
is especially true of maps on different unconnected datums on which

is superimposed a military grid.

This question of datum is also particularly acute with respect
to all oceanic islands invisible from the mainland. All these islands
are now positione' on the earth's surface from astronomic observations,
and they are, therefore, not accurately referenced to the nearest
mainland nor to one another. The obvious implication of this in
connection with directed and guided missiles, used in modern warfare,
is that neither bearings nor target distances can be pre-computed
with sufficient accuracy; computed distances may be in error by as
much as a half mile. Nautical charts compiled from unconnected datums
are at best confusing and misleading but the inaccuracies in them
Ay even lead to disastrous results in certain types of naval opera-
tions.

Airborne electronic ranging, because of its great range, gives
Promise of being able to solve this datum problem if sufficient
acouracy can be obtained. The present usadble rangs of 600 miles,
without relay stations, may permit inter-connections between the large
-mm&muof'iuomntonnkthuwmon;mum.

‘u.
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A few island groups are beyond the 600-mile range, but eveu thsae may
be reached by utilizing ships or aircraft as relay stations, if this

method is as practicable as some preliminary experimsnts indicate.

. With datum difficulties eliminated global mapping and charting will

become practical.
3.2 Geodetic Map Control.

To map an area some kind of control must first be established
throughout the area; this basic control is generally a network of
triangulation stations. Triangulation consists essentially in ob-
serving the angles at each end of a known base to a new station and
then computing by trigonometry the distances and azimuths to the new
ptation thereby determining its position. The establishment of con-
trol by triangulation is difficult and expensive and, from the military
standpoint, is the slowest of all survey operations. Triangulation
depends on the intervisibility of stations and is thus subject to the

vagariea of the weather and the distance limitations imposed by the

"earth's curvature and man's vision. In areas of heavy Jungle, ex-

tensive swamps, and Arctic wastes, triangulation is a serious bottle-
neck in ground survey operations.

Airborne oiootmlo equipment can be used in establishing control
by uuuring the a.iltnnou between stations instead of the angles, and

. then Mnniniu pomhio pout:lm. Inasmuch as airborne elso-
‘tmzqmmm ow:h of mmnmthuopuul 1M,
Vmawmawmummmmmm

'
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stations would be required. Also electronic survey systems are not
dependent on visibility. In this sense they operate independently
of the weather, daylight or darkness. They promise to reduce the
conirol bottleneck in surveying, with a consequent saving in time
vhich may be an all important element in military operationa.

3.3 Air Photo Control.

There are several common instrumental methods of obtaining topo-
graphic detail, but from the standpoint of modern military mapping
asrial photography is the only method worth serious consideration. An
aerial photograph itself is not a map, because such photographs are
subject to various distortions and errors. Present practice in
topographic surveying requires that ground survey parties establish
by instrumental methods the positions of a large number of identifiable
photo control points, with reference to the basic triangulation con-
trol. If the country being mapped contains areas of thick jungle,
gvamps, or ice flelds, and is therefore difficult of access for ground
parties, or if the area has persistently poor visibility due to fog
or rain, then the control problem is very time consuming, difficult
and expensive. Even where the area is favorable for ground survey
partiea, the establishment of this conb.rol i8 still a bottleneck.

This statement can be readily appreciated if one stops to realize ;hat
more than a thousand square miles can be photographed for mapping in
one tav&dblo aay from one airplane. Even a small army of men on the
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ground could not keep up with such progress.

Experiments in the United States and England have definitely
indicated the practicability of controlling asrial photographs by
alrborne electronic methods and thus rolega.ti'ng the establishment of
control from a major to a minor problem of the topographer. This
can be done by poasitioning the aerial camera every time the shutter
18 operated and, after some mathematical computation, arriving at
the latitude, and longitude of the optical center, or principal
point, of each individual photograph. If the elevation i1s also known
and if the camera were held vertically at each exposure by means'of
a stabilized mount, such photographs would be usable for military
mapping without further grpund comtrol. By this method it would be
possible to map up to 40,000 square miles of land area in advance of
ground control or trlangulatior_x without one person setting foot on
the area and posaibly without the native population even realizing
that the country was being mapped. Further advantage 1s gained by
the fact that the Shoran equipment can dbe simultansously used for
£11ght line navigation and thus assure gapless photographic coverage
at the first attempt.

The military advantages of this type of operations are so obvious
a8 to require no further elaboration. Fros an economic standpoint it
has been estimated fht if this method were sufficiently perfected it
wuld ndnoo the cost and time of field work to a nn fraction of
Wt it fa Do, R ¢
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3.4 Size and Shape of the Earth.

Airborne olectronic devices such as Shoran have been prominently
mentioned as a means which could be used to make geodetic comnections
between the continents a.n.d thus obtain data from which new and possibly
more accurate values of the size and shaps of the earth could be
computed. This operation would require an instrument of high precision.

The International Ellipsoid of reference was adopted as the
figure of the earth at the Congress of the International Union of
Geodesy and Geophysics held at Madrid in October 1924. Practically
all the leading nations have officially approved the International
Ellipsoid as a standard of reference but only a few of the lsading
cartographic nations are aétually using it as a basis for mapping and
charting. The triangulation of Western Europe is now being readjusted
on the International Ellipsoid and it is likely that future'napping
and chartiné in this area will be based thereon.

Global mapping is of recent interest, brought about by increased
speeds of airoraft and the requirementas of new military weapons such
as guided missiles. Up to now, each nation has ﬁeon principally con-
cerned with mapping vithin its own borders and many of the nations use
their own individual valuss for the size and shape of the earth as a
geodetic basis for their maps. Yor example, Russia has recently com-
puted a new triaxial figure for the size and shape of the earth, based
on mxr own trensoontinental triangulation and on ths Rorth American
mhtion The Russiens stde in their report on this triaxial

-16 -
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figure that it will not be used in Russia dut is the basis for their
new biaxial ellipsoid, which will superseds the Bessel Spheroid in
Russia. The difference between this new Russian ellipsoid and the
International Ellipsoid may amount to as much as 550 feet in a
goodetic line 5,000 miles in length.

While it is considered that the computed size and shape of the
earth, as represented by the International Ellipsoid is adequate for
practical cartographic purposes, military agencies believe that the
dimensions of this spheroid are not adequate for their foreseeable
needs vhere it will be necessary to compute azimuths and distanpoé
between distant points on the earth. Any inaccuracy of the dimensions
of the ellipasoid will produce corresponding inaccuracies in the dis-
tance and azimuths between the points. Certainly maps will be required

for this purpose in the future in comnection with guided missiles.

4. DEVELOPMENT TO DATR

k.1 Foreign Nations,
Great Britain, the principal foreign nation engsging in extensive

research and development of airborne electronics for survey purposes,
has materially contributed to the eventual soiution of the problem. As
.in the United States, devices were developsd for strategic bombing

and precise navigation, but the bombing accuracy tests of G~H and

Oboe in September 1943 were so encouraging that the Director of Mil-
1tary Survey made the adaptation-of these aids tq surveying purposes .

-17.'
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and operational requirement. With the urgency of war and the avail-
ability of funds, materials, and officers of suitable background, the
problem was attacked with enthusiasm. The research was mostly directed
toward the ultimate aim of obtaining photo control, and a number of
areas were photographed experimentally where the resulting maps could
be subsequently compared with existing maps based on ground surveys.
These experiments with improved and modified techniques continued until
the end of the war when the economic difficulties of Great Britain
curtailed further teasts and development. 'I'ho.oonclusions arrived at
are ably stated in a series of Air Survey. research papers, issued by
the Director of Military Survey, War Office. The Directorate of
Colonial Surveys has obtained electronically controlled aerial photo-
graphy for mapping in the African colonies. .

. Recent information indicates that the British have recently de-
veloped a new model of G-H specifically for use in survey work. Another
leading British development is Decca, which was developed by a com-
mercial company as a preciase mviéa.tion eystem but which may also bhe
used in hydrographic surveys. Decca 1s now being used in England,
Sveden, Dermark and Greenland to control hydrographic surveys. Deoca
is 8014 commercially, the latest quoted price being $100,000 for one
complete unit delivered in New York City. ‘

‘Other Weatern Buropean countries are now economlically unable to

' ongage in development that does mot offer immediate results and
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fulfill immediate needs. What, i1f any, research i1s being done with
the Soviet Union is not known.
4.2 Development in the United States,

Research and development of airborne electronics for mapping
purposes in the United States have been mostly, if not entirely, de-
voted to the use of Shoran. Investigations have been made with orig-
inal and modified versions of bombing equipment and not with equip-
ment specifically designed for mapping and geodetic work. It was the
logical follow-up of the British experiments with G-H. On the recom-
mendation of the Corps of Engineers, field tests of Shoran conducted
by the Air Forces were divided into three phases, as follows:

PHASE I - Test of Shoran for photo control and the use of 8horan
to direct a photographic plans on a straight line. The results of
these tests are available in the Engineer Board report 987 "Second
Interin Report, Application of Shoran to Mapping, 29 August 1946."
These tests which are still in progress indicated that Shoran con-
trolled photography, even using the presently available modified bomb-
ing equipment, could be used to compile maps very closely approaching
peacetime horirontal accuracy requirements for 1:50,000 scale maps.
The report recommends that the Shoran system be adopted immediately
for use in mapping areas vhere accurate geodetic control is unavail-
able or vhers the time required for establishing geodetic comtrol to
onin inoreased accurecy is uwmvarrented.
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PHASE 11 - Test designed to determine the possibilities of Shoran
for measuring geodetic distances. In this test six distances were
measured between points whose positions had been established by con-
ventional triangulation methods. The results of this test were very
promising and are reported in detail in a report from 311th Recon-
naissance Wing, Interim Report "Report on Phase II, Qenver Area Shoran
Project" dates 20 September 1946,

PHASE III - Test to utilize Shoran for connections between Cuba,
some of the Bahama Islands, and the United States. This phase, the
most ambitious of the three tests, afforded a comparison of Shoran
moasured distances with some distances determined by Coast and Geodetic
Survey first-order triangulation, with some determined by Navy second-
order triangulation in Cuba, and with a distance between Florida and
Walker Cay, Bahamas, determined by flare triangulation. The results
of Phase III are contained in the Air Proving Ground Command report
"Tactical Test of Shoran Control for Mapping and Charting" dated 15
October 1947.

As a result of the above field test a number of research and
development projects were undertaken by the Air Materlel Command at
Wright Fleld (now Wright-Patterson Air Force Base), Dayton, Ohio.

The pml‘jqcts include studies of maximum renge and optimum frequonoy, the
employment of airborne Shoran for extension of rangs, the development
of an automatic device for precise navigation, and two important
assooiated projects, the developmwent of a stadbilized aerial camers
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mount, and a precise radio altimeter.

In addition to the above Air Force projects, the Navy, in con-
nection with its broad basic research program, has contracts with
numerous universities for the study of propagation velocities and
associated problems. The Corps of Engineers is continuing with

their inveastigations of the utilization of Shoran for mapping.

5. NEED FOR FURTHER DEVELOPMENT

The potentialities of Shoran in geodetic surveying can be de-
veloped only by a concerted research and development attack along
these three lines: .

(1) A redesign of Shoran equipment embodying greater accuracy.
The target should be an equipment capable of measuring distances with
an instrumental or electronic error no larger than five feet. (Presemt
equipment was designed for positioning bombing aircraft over targets
and not for geodetic accuracy. Competent electronic engineers are
confident that a timing accuracy of ten feet or better can be achieved).

(2) A more accurate determination of the velocity of radioc waves
in a vacuum. The accepted value is probably correct to one part in
50,000, but recently developed enginsering techniques, partioularly in
the measurement of extremely small time intervals, should make possible

S & still more accurate determination. '
(5) AﬁwwmtboMomeMWO
. ummummmmtmmmmmormm-.




RESTRICTED

The remarkable results obtained with Shoran in the Phase II tests
in Colorado, led many laymen and professional surveyors to believe
that Shoran was already an instrument capable of first-order geodetic
work. This optimism was completely dispelled by the results of Phase
IITI. Though the tests showed that operational use of electronic survey
oequipment is completely feasible, the accuracy obtainsd proved that
further development would be required to produce a first-order instru-
ment. In this test the Shoran-measured distances in Florida were
consistently short when compared with the Coast and Geodetic Survey
triangulation and those in Cuba were consistently long when compared
with the Navy triangulation. Shoran emerged from this test as a poor
second~order instrument, with a demonstrated accuracy of less than
1:20,000. Since all the data were carefully examined by a number of
qualified geodesists and electronics experts this figure probably
represents the best that can be expected from the present squipment.
Tests and investigations to date indicate that Shoran is sufficlently
accurate for obtaining air photo cqntrol for mapping and charting
and for navigation of the planes required in such work and could de
imdi#tely utilized for thease purposes.

Shoran equipment suitable for geodetic surveying, however, re-
quires further developmsnt and refinsment. The development of a
highly accurate instrument suitable for geodetio purposes will also
result in improved acouracy for air photo control for mapping and
Mim.
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5.1 Instrumentation.
There appears to be little hope of dealing with problems connected

with velocity and propagation refinements until such time as an instru-
ment eliminating or greatly reducing timing errors can be built. The
greater part of the errors in the Phase III tests may be attributed

to the instruments and, in particular, to the timing and frequency
calibratlon errors.

A modified Shoran instrument designed to reduce some of these
errors is now being produced but a completely satisfactory solution
must await a basic redesign of the instrument.

5.2 Yelocity and Path of Propagation.

Other .factors which contribute to the errors in distances mea-
sured by electronic devices are the uncertainty in the true velocity
of propagation in vacuum and the effects of the meteorclogical condi-
tions a.lon%the path of propagation. The velocity of light in a vacuum
is generally accepted to be accurate within about 1:50,000. One au-
thority, 1 however, states that the "dublety" regarding the '}olocity
of light may be 1:30,000 which may account for some of the Phase III
Shoran errors. The correctiona to Be applied fqr the meteorological

conditions have been the subject of considerable study and reaéaroh for

‘many years and are known with some degree of precision. 8till, since

lborny. Transactions of the American Fhilosophical Society,
ot lisht, 19 | o
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very minute quantities are involved, this field probably has many un-
explored possibilities. It can be taken for granted that velocity is
the one factor which will ultimately determine the practical limit of
electronic survey accuracy, but there is no present indication that
this limit 1s less than the requirements for first-order work.

A continuous program of investigation in those fields is needed,
with the aim of gradually improving the basic velocity and velocity-
correction formulas. No immediate results can be expected but, con-
sidering the importance of the subject, a considerable effort along
this line seems Justified and even neceasary before electronic rang-
ing can be used with confidence for geodetic control.

Another approach to the solution of this problem is to obtain a
specially designed instrument incorporating a more accurate tm;.ng
dev;ce and then to establish a Shoran test range at some convenient
location in the United States. The length of this range‘puld. be
determined with high precision by ground swuxrvey methods. If thie range
were measured with the precise Shoran every day, under a variety of
atmospheric conditions and employing a variety of techniques and
instrumental modifications, the pattern of errors and the allowances to
be made for them might be determined.

5.3 -Zield apd Office Technique _

Xlectronic ranging meesures the hn(bh- of the sides of the

triangle instesd of its angles and requires nev techniques in the field
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and in the subsequent mathematical treatment of the observed data.
This 18 exceedingly important in the application of Shoran and has a
very definite relation to she accuracy of the final results. The Air
Force, Coast and Geodetic Survey, and the Corps of Engineers are
attacking this problem. The Engineer Research and Development Lab-
oratories are currently preparing a manual covering the field and
off'ice tochniqubs for utilizing Shoran controlled photography for
topographic mapping.

What 18 needed is a careful -Ainvestigation and evaluation of.all
possible fileld techniques, and of apmputation adjustment and methods
by qualified geodesists and mathematicilans. The purpose of such an
investigation would be to designate procedures that would provide the
greatest economy of fleld operations with the greatest accuracy of

the end product.
6. CONCLUSION

Although further development and investigation of airborne elec-
tronic survey instruments is required to produce an instrument suit-
able for the many geodetic applications, this should in no way pre-
vent the immediate operational use of such equipment as is now avail-
able for controlling aerial photography for mapping and charting. It
18 believed that Shoran, in its present stage of development can be
utilized to control aerial photography and should be put to0.opera-

tional use in the current mapping programs. Foreign areas %o which

o”-



we now have access may be inaccessible a few years hence. Opera-
| tional uvse of such equipment will, in addition, be a very desireble
aid to the research vorker in development of more suitable equipment
for geodetic applications. It 1s to be noted that the British have
already developed a survey model of G-H, whereas, this country has
no survey model of Shoran. .
Research in electronic ranging and development of more acocurate
equipment for geodetlioc measuremsnts 1s required. Global surveyihg
and the correlation of world wide data is a prime requirement of a
tded missile program. With the world political situation as it 1is
today, and the speed of aircraft and military weapons as they will be
tomorrow, the ma for such equipment is urgent. Development of
such equipment should be vigorously continued to a successful con-

clusion.
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