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'Part of the data gathered in connection with research
being done by Mr, Roberto Frassetto is a saries of oblique
aerial rhotos o the sea. For his purpose, their interest lies
in certain surfice patterns that can be seen.

-In ordesr to study these in connection with other known
data, it was ne.essary to plot these patterns on a map of the
area, preliminary to attempting to assay the correlations that
may exist.

eiof he Arhef n2>

request, 1 have written the following descrip-

-t

- At his
tion of the process by which this was done, shown its trigono-

metric basis, and mede new drawings by way of 111ustration.t\\\~M
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PLOTTING CF TH™ STA SURFACE PATTFRN IN THE STRAIT OF
GIFRALTAR FROM OBLIQUE ALRIAL PHOTOS

by
Wiliiam Osdborn

Thess photos, © in. by 9 in., taken in 56 runs in
July 1959 by a K-17 camera, were from heights of 5000 f't,
2000 ft, and 10,000 ft, mestly at 5000 ft. Four runs were

taken at 1300 ft. All runs were across the Strait;, the camera
looking roupghlv east or west.

In the malority of runs the horizon was above the top
of the photograph, its approximate position being determined
by reference to marks on the rear of the plane wing, which
always shows in the uppar right corner of the photosm(1) In this

nanner, the aporoximate depressicn anglo cf the cermera in-

(1) This is subject to error due to pitch and roll of the plane.
Ideally, the horizon should show at the top of the photo.
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cluding dip, was found $o vary from 43° 42' to 28° 24'., For
the smallest depression angle (22° 24'), used in the runs made
at 1300 £t, the horizon was well within the photo. Some of
the photos from runs at 5000 £t had a true depression angle
of 31' 18' and showed the horizon mear the top.

In order to plot the sea surface pattern shown in
the photos trunsparent perspective grids, known as Canadien
grids, were prepared for the severel cases, following the
trigonometric computations indicated in the revised Bowditoh
nevigation manual!l’ and in the Manual of Photogrammstry, (2
These are good for use on photos of flat country only. For
this reason shore landmarks must be used as reference, not
elevated ones.

The information necessary to proceed with this com-
putation 1is:

1. The focel length of the camera lens (in this
case 8 13)0

8. The height of the airplane in feet.

S. 7The desired area unit to be shown on the
grid. This will resolve into number of feet
on the ground per inch on the front ground
1line of the photo plane.

The procedure is as follows:

TiJ Bowditeh ;-mm Eractioal Mavigatar (U. 8. Na B{aro-
graphio 61’ 1ce, Washington, D. C., 1958), chap. Xu .

2) (m. Soc. Photogremmetry, Wash-
; ?nglcnh ““'.n%'. ;- - O i i
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1. The apparent depression sngle of the camere
1z computed. The tangent of tiis angle 1s the distence from
the center of the photo to the visible horizon, dividea by

the focal length of the lens,

4
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- depresslion angle - 5
4 / APPARENT DEPRESSION ANGLE
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/ TO VISIBLE momizow
/ FIG.I
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2. The true daprossion angle $ (from the photo
center %o the true or bubble horizon) is obtained by adding
to the apparent depression angle the angular quantity called
DIP, which fs a function of the height of the cemera, roefrac-
tion, and the curvature of the sarth, This has been found to
be accurately enough iven dby the expression OQQeral H is

wricton in Teet, and D 18 suppllied in minutes,

3, The true, celestial, or bubble herizon ie

noxt computed,
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P, tan of true
‘— = depression

4 angle
ye)
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FIG.2
Tig. 2

4. To establish the scale of the grid, a dis-
tance HyG 1n inches must be computed from H, %o G, the
center of the front ground line in the photo plane. This
distance will vary with the choice of the number of feet per
inob of grid on this front ground line, The grid has full
scale on this forward horizontal line and proceeds into the
plcture to tie vanishing point. G may ocour in the photo if
the horizon ard height are low, but it is usually below the

photo.
V)
The grid ratio chosen He, Ha >
was 6077¢ f£v/in (1/10
nautical mile/in). H,G - gec. 8 )
The grid scuares jink- 'ﬁ' i
ed in were 1/2 nawti- T v S
cal mile on a side. H26 = ggvpammcn on Y ~
FRONT GROUND LINE ©
&
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5. The horizontal front ground line passing
' through G is dreawn on the construction sheet., and inches
are marked off on either side of G . At the desired interval,
grid lines are drawn to the central venishing point. These
should be extended as far to each side of the construction
as practical (see Fig, 5, on p, 9).
6. Grid diagonals are nevded to eustablish the
horizontal divisions of the grid. These diagonels ere paral.
; lel lines on the ground, dbut converge on the grid at two
vanishing points on eitier side of Hg , the central vanishing
point. This distance Hy Vy = Hy Vg and )%s velation to &

and f are demonstrated in Fig. 4.

K wtﬁ‘i‘g'—'eglzg” 7 Fig. 4
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ﬁsolf-‘- sec & (in the vertical plane)., liarizontel angle

Hp0Vg—=45" because 1t 13 the same as the 45° angle b:tween the

diagonal on the ground and the grid souare that contains {t.

v 8 mg-z_iavﬂ because an isosceles right triangle ha: two sides
t

squal. . . HgVp/f=gec @ and HgVp=f sec ,
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7. In order to have the grid scuares start at
the front of the photo, let the two initial diagonals 871
apd BVp in the construction stert at the bottom center of
the photo, and proceed to '1 and Vz « They intersect the
grid lines converging at By . These intersections are grid
corners establishing necessary horizcntal lines.

From the centers of the horizontal lines thus
obtained, more diagonals are drawn to V; and Vg , provid-
ing more intersections with centrelly converging lines.
Through these intersections more horizontal lines and more
lines converging at Hp ocan be drawn, This process is
carried upward into the distance until %ae grid 1s reduced

t0o a useful limit,

8. lumerical values are next labeled on the gria,
and a tracing is inked on clear film, On this the dlagonels
are not needed, A second sheet of clear film is laid over
the tracing and sealed by tape at the edges to exclude dairt
and protect the 1ink,

Before using the photos, the center point of each
is found by two intersecting pencil lines connecting the bi-

v . I )

secting marks at the top, bottom, and sides of the photo,

I

In all these flights, the camera‘'s transverse vertical axis,
es fastened, had an angle of inclination to the vertical, which




is drawn in pencil on the photo from the center point with
reference to the vertical bisector.

A horizon segment, at right angles to thils ineliicd
vertical, 1s drawn on all photos depressed bdelow the visid
horizon, The horizon is drewn at the indicated height witn
reference to the plane wing marks, on the nmargin in tte up
right coraer or on a pasted tad of poper extendirg unvard
the indicated helght 1s adbove the photo,

It was found practicel to have three crsen f
ferent vertical horizon distance from tha photo cer.or [«
three depression angles) for the sams helght on the sene
using the same central vanishing point. One caasc waus inke
In dlack, one in red, and one in blus,

In use over a photo, the vertical center lire o
the grid is placed in register on the inclined verticel on
the photo and the visible horizon line of both brought tog
ar. If the red center point is closzest to the ploto cente:
point, the two latter are made to ccincide, and the red gr
and values are read,

Obviously 1if the denression sngle is betwoer the
cases glven, the values read are less accurate but are a u: ol
approximation, the magnitude of the discrepancy bveing zrec: o

1n the distance.

9. The photo runs studied, being across the

strait, had many photos in mid-run without landmerks., To
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plase the s rface pattern of each run on the map, the rlight
path was located on a shset of tracing paper over the map bdy
moans of ldentified coastal points at the beginning end end
o7 the run. By dividing this path by the number of photos
taken, the center line for each photo was estadblished, since
the photo irterval was constant,

10. The dssired detail was plotted on these
rlight path sheets and trensferred to the map by means of a
light table.

At this stage, the sea pattern, now i: position
geographically, can be studied with other known data to dis-

cover what correletion may exist.
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