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FLARE TRIANGULATIGM;/

The prinociple governing the geodetic method _-° cinultaneors observa-—
tion of parachute flare is not new. Frequently referred to in Engligh
ag ‘"Flare triangulation’, thiz method had previously been used in
certain long distance geodetic connexions, but the accuracy of the

results was comparatively poor owing to difficulties in obtaining
simultaneity.

The studies and experimsnis conducted at the National (Geographical
Institute in the laut 4wo years have resulted in the development of a
simpls operation proceduvc as vell as 2 gimple equipument which gave
verj satisfactory rezults in torms of precigion, and the accuracy
ccmparcs favourably with othor methods +that &re more expeneive and more
cenplicated.
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Principle

Given two points (1) and (2) connected geodetically, one .. :mosc to
determine the. co~ordinatcs of a third point (3) 01t vigible from she -
first two. Flarca are dropped from an aircraft, and serve as light
signals to be observed simultaneously from the three positions (1),

(2)y, and (3). 1If 4, By and C are three flare positions in the zone of

;/ By the National Geographical Institute.
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release, the points A, B, and C are calculated from (1) and (2) by
intersection, and {3) is calculated from A, B, and C by resection. (noe
the position of (3) is kmown, it ocan be used to determine the position

of another point whick we shall denote as (4), and so on.

At each point the astronomical co-ordinates are determined, giving

the deviation of the vertical, as well as a Laplace azimath.

Technique of measurement

Obgervations are made at night with Wild T 3 theodolites, in exactly

the same way as with usual measurenents of first order.

A 106 candle flare is dropped from an aircraft flying at an altitude
of approximately 8 kilometres. Tn order to slow down the speed of fall,
the flaie is fitted.with a parachute. The observation team using a
reticule, follow the flare as it moves slowly, and take simultaneous
readings as they listen to the "pips" of a time signal given by a quartz

clock.

In practice, the observation npips" are sent out at intervals of
10 seconds, and there is a cautionary npip" warning the observer team

every two seconds before. The emission schedule is as follows:

Warning  Observation  Warning Cbservation Warning  Observation

t. 8 sec. 10 mec. 18 =ec. 20 gec. 28 gec. 30 sec.

Generally speaking, it is possible to take 15 to 20 readings on the

game flare {the flare lasts approximately 4 minutes).

The precigion of the synchronization of clocks at obgervation stations
is approximately 1/100 of a second, verified with the help of international
time signals (T.U.). The equipment which consists of a radio receiver at
sach station, a quartz clock and a selector is simple,-accurate,resistant
and not too cumbersone. It was thought out and made at the Radio

Laboratory of the National Geographical Institute.
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Every night the aircraft flies over the three releasge gones A, B
and C dropping 2 to 3 flaresg in each zone, in accordance with a pre-
arranged timetable. The pilot and the observer team are in constant
touch by radio. To achieve the requi;ed degree of agcuracy, there muat

be at least two flights on different nights.

The astronomical co-ordinates are observed on the same nights, by
the method of equal heighte at the senith distance of 30°.

The laplace azimath ig obgserved by circumpolar gtar method, generally

on & U. Min. at the maximum degree of elongation.

Computation and gdjugstment

For small networks of 3 to 4 points, the computation is easily done
by the graphical method of geometrical loci, which congists of drawing
On a special sheet, 2 Lirge scale graph of the positions obtained of the
various observationScl In the case of large networks, adjustment ig

achieved by the method of leagt squares.

It is worth noting that if the horizontal angular displacement of
the falling flare is less than 0.5 of a degree, mean value of pimile
taneous readings at each station may be regarded as defining the pogition
observed by theodolits. This makeg it Possible to reduce the number

of auxiliary points of 4, B and C to 5 or 6 .lagrate for a solution.

It is interesting to note that Observation of the azimuth at esach
station providesg a redundant condition for fixing the position of the
unknqwn peint: it is clear that the position of point (3) can be calcula-
tei.only by resection from points Ay B, and C. The sighting 3 ~ &,

3-By 3-Cig an additional condition for determining the point.

It is to be noted that the determination of the astronomical co-
ordinates at each station gives the deviation of +the vertical as it
exists there, and makes it possible to take account of the Laplace

relationship in the orientation of the station.

;/ Method used in France to caleculate igolated points of triangulation.
In such a Case, same results can be obtained by the method of least
BQUATES .
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Regulis

An initial experiment was carried out in September 1964 to test

the accuracy of the readings.

A team of three observers, using the equipment mentioned above
worked with three Wild T3 theodelites which were synchronized as
perfectly as possible. After reduction to the same origin, the mean
value was taken and the difference between sach individual reading and

the mean value were studied.

The difference noted was + 5 to * 6 sexagesimal seconds. These
measurements were taken on 9 flares dropped in three nights with

approximately 15 readings on each flare.

iater in the summer of 1965 the National Geographical Institute
carried out a similar operation in an archipelago where the islands
are 200 kilometres away from each other. The computation now being
completed shows that the mean error of position for any of the points
A, B and C (with 15 readings per flare) is approximately 4+ lm, and as

a result, the mean error for point (3) is + 1.5 me

Tn thie second experiment, two theodolites were at each station
sighting simultaneocusly on each flare; the observations of these two
theodolites which are oriented on a grouand reference were reduced to a

common point and checked againgt cach order {see Annex).

Large triangulation networks

Flare triangulation seems to be Very well adapted to the establish-
ment of vast networks containing long triangulation sides and, therefore,
a reduced number of points (density: 1 poin%t per 20 to 50,000 square kms . )
It is of course necessary to provide a fundamental point (or to
establish one)from the existing oriented bvases of 200, 250 kms. between
two terminals. Such bases may be the classical triangulation nets
(or traverses nets) on a known accurate gcale. The first order should

be made up of triangles which are obgserved in accordance with the



il cot oy & LT ot i i it

E/CN .14/ CART/156
Page 5

standards of the first order accuracy: in each triangle one side at
least should be measured by an accurate electro~-magnetic method and

at its each end a Lapiace azimuth observed (accuracy: o".5).

Conclusion

The method outlined will thus make it possible to establish a
geodetic network of first order with excellent accuracy (better than
1:100,000) in areas in which travelling is difficult or impossible,
and to connect points of long distance and spreading over wide
stretches. It is comparatively simple to put into practice and only
requires equipment which ig strong,not too cumbersome, easy to handle

and, the most important of all, cheap.

On the other hand, it entails making observations at night and,
above all, calls for favourable weather conditions, namely, a clear
sky over the whole operational zone, since light signals should in

principle be simultaneously observable from all stations.
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