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ROYAL AIRCRAFT ESTABLISHMENT, FARNBOROUGH
Flying for Air Survey

Suggested navigational method
of flring parallel strips

by
BeJde Atmll
and
Wing Commander P.R. Burchall, O.B. K
R.A.BEe Ref: Air PH,707/17/FRB/171

SIMMARY

In air survey photography it is desirable that the strips shall be
straight, parallcl and ejually spaceds While pilots rely on visual
methods of navigation they reguire prolonged training before their work
reaches an acceptable standard, and the efr'ort wasted at present is
enomous.

It is suggested that a technique relying solely on nomial alroraft
instruments can be made to yleld entirely catisfactory results. .

1. Introduotion
2, Desoription of Suggested Teohnijue

3. An Experimental Trial
Circulation
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Teoh.Note No. PH,406

1 troduotion

The dificulty of flying parallel photographic strips with constant
lateral overlap is well knowne The normal technijue calls upon the
navigator to follow flight lines already drawn on a map of the area to
be surveyeds laps containinz enough clearly defined ground features
are not always avallable,

This visual tracking along flight lines determined before the
oommencement of thu sortie commits the orew to a definite oourse without
regard to the wind; and with modern aircraft the small oorreotions mede
to the oourse, cithir manually or on autos, during the runs nearly always
produce somc amount of undesirablc rolle

At prusent long~range radio aids do not appear to provide the
aoouracy rejuired, while short range radar aids reguire their own chain
of ground stations near the area to be surveyed.

_ The Dircotor of Survey, War Office, has stated "The effort wasted
at ‘wesent duc to unsatisfactory navigaticn is enormous". (Air Survey
Development Committce, March 1946, )

Reoent developments in airoraft flying aids suggest that a sufficiently
aoourate mothod ocould te dovised rulying, with great oconvonience, solely
upon the use of nomnl aircraft instrumentse

The suggested method is based on two main considerationsi=

(a) Modern mothods cnable wind direction to be dotermined in the
airoraft vwith a high degrec of accuraoys .

(b) Although modern autamatic controls givo bankod turns, they are
linked to th: gyro oompass and their course=kcepding accuraoy
s highe Further, thor can be usod to turn tho airoraft
through any rejuircd number of dogrees at a known and oonstant
rate of turne They avoid the normal +turning crrors of the
pdlot!s mognotic compass, and they rclieve the pilot of the
stroin and diffioulty of manually holding a stoady rate of turn,

"2 Desoription of Sugzzestod Teohniguc

Roferring to Fig.1l oonsider an aircraft making a 90 dogrees turn to
port at a steady ratc. Then if a 1s the length of the arc the radius
r will bo 2a/%x .

v e, :

If the aircraft is flying at \.relocity v and takes time ¢ to
turn through 90 degroes thenas= vt, and © = 2vi/=%.

T
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Now consides that the air camera produces a negativo of width w,
and that o contaot scale of 1/a is rojuired; then the width of ground
oovered by the photosraph will be wse It ia usual to spcoify 30
latoral ovorlap of strips, so that the rejuired distanoo between strips
will Lu Qe7ws, .

§

"l‘«"x

Roferring nowr to Fige2 supposo thu navigator has made an aocourate
detemination of the dircotion of the wind by any of the well known
methods and supposc the first photogrephio strip has been flown directly
up wind across the survey arca until position A has boen reached.

The navigate: switches off his camera and the pilot holds course for
a few minutes (the cxact tia is not important) until he arrives at B,
R thcn' appliva a turu %o port at the 90T per minute rate and holds it for
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Iat the width of the negative {w) be 9 inches = 0,75 fte
scale (1/s) = 1/20000
Airapeed (v) = 150 mepshe = 220 ft. per seo.
time taken to turn 90 degrees (t) = 1 minute = 50 secculs
) and let n = 4. '
Thon the time taken on the leg IF will be

(n+1)0e2ws _ 4%
v x

5 X 0s7 % 0.75 X 20000 &b x 60
- -
220 =

= 162 seconds.
Amd the time taken on the leg MD will be

b x 0a7 x 0075 x 20000 4 x 60
220 =

= 115 seoonda.

If the flight oontinues on the lines suggeated allowing 162 seoonds
for the straight portions of each of the up=-wind-end oroassings and
115 seoonds for the straight portions of each of the down-wind-end
orossings we shall cover an areca symmetrioally with eight strips at the
required scale, maintaining correoct lateral svparation of the strips

throughout.

If the instruments function correotly all strips should be strictly
parallel and equally spaced and nbne of them should show oconvergence or
bw:l.ng.

The flylng height is found from the well-known ejuation h = af
where 1/ is the rojuired scalo and f the focal length employed.

The technijue therefore would be first to determine acourately the
wind direotion. The runs would be made exaotly up and down wind, oontinuing
approximately five miles downwind and ten miles upwind beyond the limits
of the area being surveyed; the aotual distances would vary with wind
velocity but are not critical. The turns would be made solely on the
autamtio controls amd the run up would allow the autos to settle on the
new oourse, which should be kept with an error less than 19

When covering lerge arcas a freguent check on the wind could be made
by reference to the Air Positiom Indicator or similar instrument.

3  An Experimental Trial
At the time this teohniguc was being studled no suitably emipped
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An exercise was therefore performed with S/L.7he Hon.). C. Mderley, A%C.,
0.C. Instrument Flight, ReAsE., at the controls, with hood down,

A wind speed of 30 mepehs was set and the Link was flown at an air speod
of 150 e Do he

The pilot applied and held the necessary turns (rate 4, i.e, 900
in one minute) with the eid of a stop watch,

The up-vind oross~sirip time had “eep pre-computed as 1 minute
55 seconds: this beins aggropriate for n=3,

The dovm~wind Cross—strip time was made one minute, liore precisely
it should have been 57 seconds,

The pilot uscd his stop watch to control the length of these croas
strips.

The only assistance the pilot received from the navigator was the
signal "eamera on® ar "camera off" as the crap passed the boundary of the
area to b surveyud,

The flight 1astud 40 ninutes and helght variations never exceeded
50 rt.

The orab's plot ig reproduced asg Fige3. It is apparent that all
the strips are substantially paraliel, The sjuares represent the areas
Qovered by individual photographs una it is evidunt that satisfactory
lateral overlap was maintained trawoushout the experiment,

There were no false starts o Ay of the ruas and no flying time
was waasted.

—————
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