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ELECTROMAGNETIC DISTANCE MEASUREMENT*
IN THE 1.5 GECLOGICAL SURVEY

By mdward A. Krahmer
U 2. Geological Survey

Abstract

About 80 units of electromagnetic Histance-measuring squipment in
several maxes are used by the U 3. Geclogical Survey for centrol surveys
for topographic mapping, mostly in cooventional traverse. For mapping
{n difficult terrain the AirBorne Control {ABC) Burvey System has been
developed, in which z hevering helicopier with a remote slectromagnetic
distance-measuring unit serves both as a target and as a survey platform.
The unigue instrumsntaticn of thiz system includes a Hoversight, to
enabie the pilot to maintain posit:on above = selected ground point:; a
height indicator, tc measure the vertical distance from the ground to the
helicopter; = rotating beacon, for a sjghtiqg target; and a retractable
sntenna. Communications bhetween the helicopter and the ground are
maintained by radio.

Wnile in radio contact with the hovering helicopter, fi=1ld parties
at ground stations read both vertical and norizontal angles to the besecn,
and measure the distances slectromagns=tically. The norizontal positions
are established with at lesst one redundancy in angle or distance, and the
elevaticns are based on at leazt two 1ndividual determinations. To
establish a K fector (refraction arnd earth-curvature correstion) for
refining elevations, simultansous reciprocal vertical angles are read

hourly between ground or rowsr statitns near The operations ares

Field tests in the States 1
established that the system i 1 remote areas and sccurate
enough horizeontally to control 1:24,000-scalie mapping and vertically
te permit a contour intervai of 20 fe=t.

£ Ar-zona, Maine, and Alaska have
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Intradact:on

Although the theme of this symprzium soncern: the sclient:ific sspechs
of electromagrneitic dlstance measurement, this paper s devoted mostly o
applications in control surveys in the Naticnal Topographic Mapping pro-
gram. The U.5. Geolemgical Survey ha: gbout B unite of microwave distanze-
measuring =guipment of several makeg--Tellurometers, Electrotapes, and
Migcre Chains.

These instruments have bzen used 1n a wide variety cf terrain and
under ell possible conditions with genera.uy excellent results.  Jur
experience agrees with thet of other mapping and surveylng >rganizanions.
Electromagnetic digtance measurement .3 wos of the greatest single ad-
vances in surveying procedures ever made. BSinces the 1gtroductisn of the
Model MRA-]1 Tellurometsr some years ago, the accuracy of cur baszic

horizontal control has improved substantiaily, and during the same
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period the cost has been reduced. :tently obtaln second-order

=losures with third-order methids.

For the most part osur fireld proecedurss are conventional. They
ineclude long~leg traverse, control extension by radial metheds and the
eztablishment cof elevaticns by tr.gonometric metnods with electromsgnet.cally
measured distances. The one excepticnal method, developsd by the
Geologicel Survey, is the use of alrborne electromsgnetic distance-measuring

instruments.
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The AirBorne Contrcel (ABC) Survey System

In the ABC system, under develcpment for the past 6 years, & hovering
helicopter carries a remote electrcmagnetic distance-measurement unit and
serves both as a target for distance and angle measurements and as a
survey platfcrm. The specialized instrumentaticn iﬁcludes a Hoversight,
to enable the pilot to maintain position above a selected ground point;

8 height indicator, to measure the distance from the ground to the heli-
copter; a rotating beacon, for a sighting target; and a retractable

antenna that can be rotated in azimuth.

The Hoversight, the basic instrument con which the system depends,
consists of & damped pendulum with a self-contained light source which
projects a collimated light beam through a semitransparent mirror. With
the aid of a second mirror the observer can see the image of the light
source superimposed on the image of the ground below. The ground image
is viewed stereoscopiéally in the same sense that the ground itself is
vigwed with both éyes, enabling the observer to judge the distance from
the ground. The lamp-filament image projected against the ground image
defines the vertical belcow the Hovers:ght. The pilot views the instrument
at a depression angle of about 30 degrees, so that he retains the periphersal

vision needed for maintaining alrcraft stability.

The height indicatcor, mounted immediately above the Hoversight, con-
gsists of a weighted Dacron line which is lowered to the ground, passing

over a calibrated drum geared to a counter reading in feet. A motor-driven



magnetic coupling maintains a wension of ghout £ pounds on the line.

The flashing beacon is mountsd above the helicopter cabinp, on the

vertical axis of the Hoversight to avoid eccentricitles. The beacon
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he target for vertical and horizontal angle measurements, ang also

alds cobservers in spotting and tracking the hellcopler from ground base
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The electromagnetic distance-measuring equipment (DME) component
the Hydrodist, manufsctured by Tellurcmeter, Pty., Ltd. A remote
unit is carried in the helicopter, and one or more master units are at
the ground stetions. Tonstrument readings are in meters, and embiguities
are resolved in terms of 100, 1,000, and 10,000 meters. Reading patterns
Dermit estimating distances to about 20 centimeters. A retractable,

rotateble antenna is mounted on the underside of the helicopter to shield

in

the signal from rotor interference. Fully extendsd, the antenna dish 1

entirely below the skids; retracted, it is in front of the cocxpit bubble.

A vital element of the gystem is cormunicaticn betwesn ground perties

frequency modulated [#M) system is

2

and the helicopter. A& fully daplexe
provided, operating in the very high (requency {VHF) portion of the
electromagnetlic specwrun. The ground unpits easch embody two transmitters
and one recelver. Tii2 axrborne unit functions as & repeater station
having one transmitter and one receiver. With this arrangement, commnuni-

caticns between ground stations can sither be relayed through the helicopter

or sent cdireczt, depending on which transmitter js used. The repeater
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transmitter can be Keyed by =ither the pilct or the observer. Helicopter
perscnnel heer conly relayed messages and therefore are not distracted by
communicationd pertinent only to ground crews. The repeater transmitter
in the helicopter has a l1-ke beep-tone generator controlled by the pilct
to indicate to the ground crews when the aircraft is in position aover a

point.
General Qperating Procedures

When the pilot signals by radio that he is ogver the point fto be
established, horizontal and vertical angles are read to the flashing
beacon on the hellicopter from the ground stations, and distance measure-—
ments are made from master units on each ground station to the remcte
unit in the aircraft. The airborne engineer determines the hover helight
end pheteidentifies the ground point. He is also responsible for ravigation.
The rate of preduction and the accuracy of the results depend largely on

his ability. EReligble two-way communication with all party members is

essential.

The systen in practice has shown itself tc be very flexible. Using
components Logetiher or in various combinaticns permits positiocns to be
computed by triangulaetion, trilateraticn, or a combination of the two.

The conflguretion of staticns, therefore, can be selected with considerable
freedom, Base stations need not be situated to give strong intersection

angles &s in conventicnal triazagulation.



Developing AirBorne Electromagnetic Distance Measurement

In the beginning, the most difficult problem was to obtain and
maintain a readable display on the DME instruments. Model MRA-1 Tellurometers
were used in the first trials. The crude prototype Hoversight, pilct
inexperience, and poor antenna configuration combined to give completely
negative results. If we had fully realized the extent of these problems
at the time, we might have drcopped the project. Fortunately, some
HEydrodist instruments, designed for shipboard use, became available about
this time. With the meter crystals of the Hydrodist, and a somewhat
improved Hoversight, we obtained results good enocugh to encourage us to

continue.

With hovering accuracy imprcved encugh to be certsin that horizontal
movement of the helicecpter was not a factor, we still experienced diffi-
culties from rotor interference. A grassy, erratic display with a beat
synchronized with the rotor revelution was produced whenever the antenna
could "see" the rotor. We considered scme type of shielding and tried a
number of locations. The problem was sclved satisfactorily when the
antenna was mounted in its present position below the cabin, between the
skids, and shielded completely from the rotor. In this position, the

antenng must be retractable for takeoff and landing, and tc reduce drag

when the helicopter is traveling.



Interference from the metal skids is still troublesome at bearings
near ninety degrees on either side, and measurements in these directions
must be avoided. The principal problem, other than rotor chop, however,
is to maintain an antenna pointing that will trensmit full power. It is
characteristic of helicopter hovering that the pilot can keep a constant
elevation and position, but he cannot at the same time maintain a constant
heading, unless atmospheric conditions are unusually stable. He must
have one degree of freedom to compensate for wind changes, and & shift of

heading is the most convenient.

The resultant change in antenna pointing and ccensequent loss of
signal disrupted the tuning pattern and made it impossible to use the
automatic switching for which the Hydrodist was designed. The sclution,
achisved after & series of modifications, consists of a feedback circuit
activated »y signal strength, which rotates the antenna in the direction
that increases the signal level. An ideal solution would be the use of
an omnidirectional antenna which would avoid pointing problems and
permit two or more distances to be measured at the same time. DBut this
would operate cn an eantirely different signal level, and complete redesign
of the internal componente would be required. The "hunting' capability

based on maximum signal level cperates satisfactorily.

The third major problem of zirborne DME is protection against shock
and vibration. The helicopter vibration quickly renders components and

connections incperable unless they are properly designed and protected.



We feound no simple cure-all for this difficulty, only a gradual process
of trial-and-eryor improvement, complicated by the limited spzce in the
cebin. At one stage we mounted the instrunent on & pillar between the
pilot and the observer, but this arrangement resulted in a "whip” action

that magnifised vibration effe¢ts end was therefore quickly sbandoned.

We found that the most effective vibration protection was the human
bedy, and that carrying the instirument on the lzp cof the englneer in the
helicopter gsve the best results. Unfortunetely, thls i1s ncot precticsl
from the standpoint of operstiona]l s=fficlency. Irn the pressent shock-
mounting arrangement, the instrument is on the skid rack outside the
czbin, supported by four Barry mounts, o type of rubber piston insulator
widely used ir supporting various Xinds cof airborns electronic instruments.
In nddition, the airborne components are thoroughly tasted for shook and
vibration resistance by the manufacturer, foilowing standard military

specifications.
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ABC Survey Systenm Operationszl Projects

Follewing B series of field tests and considerabls equipment modi-

fication, the ABC System has beern used on s numbeyr of operaticnzl projects.

Some cf these surveys with unususal fsstures are desceribed below.
In 1963, a densely wooded area in Maine, about L0O square miles, was

surveyed with the ARC System to 1:24,000-scale map accuracy standards. Some

265 rvontrol points were estaeblished from 10 base stations on towers. OF



thege, 250 vertical control pointé checked Vithin 2 feet, and 15 hori-
zontel control points checked within 3 feet. For identification of the
horizontal ;ontrol points, the helicopter was used as a phqtographic target.
While the helicopter was hovering above a point, it was photographed with

& 6-inch~focal-leﬁgth mapping camera from about 6,000 feet. The image of
the rotor blade--two small pie-shaped ségments—-was used to photoidentify

the point on the mapping photographs.

In 1964, the ABC System was used to set and position several
hundred special survey targets in the Pisgah Crater area in California,
in terrain selected for its resemblance to the lunar landscape. The
project was completed in a few days, and the area is being used for

studies of moon landing procedures.

For several years the Bureau of Land Management has used the
ABC System to establish cadastral monuments in Alaska. In this appli-
ecation, base stations on gecdetic positions are used with precomputed
angles and distances to "talk" the helicopter into the desired position.
A monument is then dropped and used as a hover target while precise
distances and angles are measured. From these, the distance and
direction to the true position are computed, and a ground party is landed
to move and set the monument. As the subdivision line is not surveyed by

usual cadastral methods, the ABC System has yielded considerable economy in

the rugged Alaskan terrain.
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We plan to use the ABC System this fall to establish verticel
contral in the Okefenckee Swamp, @n area in Florida of mbout 600 square
miles which is reputed to have a general slcpe of less than‘l5 feet,

The swamp Is almest wholly wooded, and 80-foot towers will be required
for base staticns. By helding sightlines to 10 miles or less, we plan
to establish = dense pattern of spot elevaticns to an accuracy of 1 foot.
411 supplementary data will be obtained Dy helirzopter, eliminating the
need for ground surveya In the swamp. Special problems in determining
K~factors for curvature end refracticon corrections sre under study prior

to the field operation.
The Aeris IT Auteotape Syshem

The fAeris TI Autctape, introduced recently by the Cubic Corporation,
iz a very acourate helicopter positioning system which will give two
simultanecus siant distances, with digital readout, Al the present time
one system 1g con order for the Buresu of Land Mansgement, and twe for
private firms. We are awaiting with considerable interest reporis on
experience with this eguipment. Tne Autotaps is compatible with the

ABC Survey system,
Conclusion

The accuracy of control established by the ABC System, as demonstrated
by npumercous tests, has been better than expected., Horizontal ascuracy

-t

is within @ meter at eny range, and vertical accuracy is within 1 foot st
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ranges less than 15,000 feelt. We believe that the prinecipal reascon for
the surprisingly high accuracy is that the helliccpter novering meticen is
essentially random, both vertically mnd horizontally. d<Jonsequently,
observing procedures designed to average out peointing errors and other
random errors aleo average out helicopter motion. The same princlple
operates in distance measurements. The uncertainty of hovering, whatsver
it may be, apparently is never accumulative. A second factor contributing
to accurate results is that the helicopter end of all lines is above the

ground and therefore relatively free from refraction anomalies.

The ASC Survey Bystem is now considered opersticnal and is in use on
mapping surveys by the Geological Survey and on cadastral surveys by the
Lureau of Land Mansgement, end certain private firms have systems available
on contract. It is a practical tool for establishing horizontel and

vertlical contrel in difficult terrain.
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