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• Part of the data gathered in conr ection with research

being done by Mr . Roberto Frassetto i~ a series of oblique
aerial rhotos c’ the sea. For his purpose, their Inte rest lies
in certain surf~ce patterns that can be seen.

In or’3~r to study these In connection with other known

data , it was ne’essary to plot these patterns on a map of the

area , prelimIn3ry to attempting to assay the correlations that
may exist.
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At h+3 request, I 1~avreiwritten the following descrip-.

tion of’ the process by which this was done, shown its trigono-.

metric bas~~, arid rnede new drawings by way of I].1ust:ea1;ion.~~~~~ 1 ’
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PLOTTING CF ‘~‘~~~: SF.A SURFA ~’E PA TTFRN IN TH~’. STRAIF OF1T[~R P~LTA T~ FR0~’~ OBLIQUE AER IAL Pn o’ros

W i l l i a m  Osborn

I-
These photos , 9 in~ by 9 in. ,  taken in  56 -t:n ~ in

1 July 1959 by a K . 1Y canier~~, wrre from heights of 5000 ft .

~~~ ft , ane~ 1 
),000 F t , mostly at 5000 F t~ ‘our run:; were

t~~ en at • 1300 ‘t ,  All rwis ~: re across the Strait s the ca~er~
looking ~ou~”hl 7 east or w~~t.

— In t ie  msjority of xun~ the horizon was above the top

~)f the phot ogr ’~~~, it s  approx i ma te pcs~ t 1- r~ being de :~ rmined

by reference’ t rn~i rks on ; i e  i’ear ~‘f ~~~ plane wing , ‘.J ich

ct ow~ 1 i the upper right corner of  th-~ photos. (1) ~~ this

•~~~~ CA’ , th. ~~~~~ ~~~~~~ ~~~~~~~~~~~~~~ ~~~~ ~~~~ ~
., ~

-‘ . ‘~.“r~ I r —
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(1) Thi~~is subject to error due to pitch ~nd roll of the plane.Ideally , the borizon should show at the top of the photo.
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eluding dip, wee tound to very fromi 430 42’ to 22° 24’ • For
U. s~~11sst depression angis (220 24’ used in the runs made

at 1300 ft , the horison wee well within the photo. Sc of

the photos frau runs at 6000 ft had a tru.s depression azig]a
of 51° 16’ and showed the horteon near the top.

In order to plot the ass aurfeoc pattern shown in
th. photo. transparent perspective grid., known as Canadian
grids, were prepared for the s.v.r.l asses, following the

trigona~~trio o~~~utations indiosted in the revised Bowditoh

navigation man~ei (1 
~ and in t~ie I~anua1 of ~ iotogrewe.try. (2)

These ar, good for us. on photos of tl.t country only. For
this reason shore landmarks must be used a. reference, not

I elevated on...
U The information necessary to proceed with this corn-.

putation is -

1. The focal length of the o~~~ra lens (in this
case 8 in) .

a. Tb. height of the airplane in feet,

5. The desired area unit to be shown on the
grid. This Will resolve into n~nber of test
on the ground par inch on the front ground

of the photo plane.
The procedure is a. followss

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~(B) ~~IIn~1L 1a~ ThøtøiFkllrçlItl7 deL. Soc • Pbotogre try, lash-
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1. i~he arpare nt dcpresaior, angle of the ~w~iei’a
ia cori~uted.~ The tan~ei;~t of t 11t3 angle is the distance ~roti
t.ie cer~ter 01’ the photo to the v~sib1o hori zon , divided by
the focal l~:~~th of the lens .

/
ti~n of apparert
dcp resaion ~nr 10

C., 
Fig . 1

~~~~, The t:- wi d-~p:~~s8ior~ ang le ~ (fi o:~ t~ p]o~ ::

~cnter to the true or bubble h~ri~on~ i~ ~t’~~ ined by ~~d~ng
to the ~~pai~ nt dep ’ees~o.n ~~~~~~~ tho an~uthr c~uont ity c~l1ed

~zk’ , which Is a funotlor . of th.’ hoigtit c~f the oanera 1. r~fruc.-

~iton~, and the curvature of t!io eE.”tl;, ~11~~ has been found t~

~e nccuretely enou~h :iven by 
- . 

~~ expreeston O ,97~/~i. U i~
wri~t .a  in teet h, and ) In 3U~ ) ) ~~e~ In ~ t r - ~t-~ ;~

3-. The tru  ~e ~~tii~1., c r  ‘ it :~~e hcr~ ~. O A  ¶~
~ox .  coi ipute&
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~~2 tan of true /depression /f angle e // ~ TRUE DEP*ESSION ANGLEIi is the oentrel /ishing int 
~~~~

F 1G.2
Pig. 2

4. To establish the soale of the grid, a d~.e—
tanoe ~~G in inchis must be computed from 

~2 to G, the
Center cC the front ground line in the photo plane . This
dista nce wfll vary with the choioe of the number of feet per
inch of grid on th is front ground line. The grid baa full
scale on thi s toz’werd hor izontal line and pr oceeds int o the
pictur. to tLs vanishing point . G may occur in the photo if
the horizon aLd height are low, but it is usually below the
photo . /

The grid ratio chosen Hg,/
’ 

~~~~~ Hi

H G = sec. ePh. grid square. ink-
Sd in were 1/2 na*ti- ,~/cal mile on a si~~. H26 F11, Pill P$CH ON ‘/P* ONT IROUND LINE 7 HPig. ~ 
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FIG.3
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5. The hori zontal front ground line passing

through G is drawn on the construct ton sheet, and inches
are marked off on eithe r side of G • At the desire d interva l,
grid lice are drawn to the central veutehizig point. The..
should be extended as tar to each aide of the oontitruotlon

as practical ( see Fig. ~~, on p. 9) .

6. Orid diagonals are neoded to autsblinh the
horizontal divisions of the grid . These dIagons l~i are para l-
lel lines on the ground, but oonver~e on Vie grid at two
vanishing points on ett~ier aide of U~ , the central vanishi ng
point . This distance J2 Y1~~~ U2 Y~ and i~ e relation to 8
and f are demonstrate d in Pig. 4.
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~ (in the vertical plane) . iL,rtzonta l ingle
~12QT2 46° because it is the same an the 450 angle b~ tween the
liagona l on the ground and the grid acuar. that o~nt~ine it ,.
.
.
.

(~ 2i~ li2V5 because an iao.oele. right triangle ha. two s~dee
equal. . .  llsVilt~~seo 9 and H2V2=t sea ~~~~.
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~~. In order to have the grid seuaz’ee itert at

the front of the photo, let the two initial diagonals BV1

~~~ in the construc tion star t at the bottom center of

;fl e photo , and proce ed to and V2 . They interse ct the

grid lines converging at U~ • The.. inte rsections are gr id

c or ners establishi ng necessar y horizonte l lines.

tra m the oent rs of the hori zontal lines thus

obtain .d , nor. diagona ls are drawn to V 1~ and Y2 , provid -.

ing more intersections with centr ally converging lines.

Through the as intersect ion.. more horizont al lines and more

lines conver ging at 1¼ can be drawn . This process is

carried upward into the distance until tne grid ii reduc ed

to a useful li~ it.
4 , —

8. 1~umex’ical values are next labeled on the grid ,

and a tracing is inked on clear fi lm. On this the diagoni ~ls

ar e not needed. A second sheet of clear fi lm is laid over

the tr acing and sealed by tape at the edges to exclude dir t

and pro tect the ink.

Before using the photos, the center point of each

is found by two intersecting pencil lines connecting the bi..

seating marks at the top, bottom, and sides of the photo.

In all these flight., the osmara’s transverse vertical axis,

as fast ned, had an angle of inclination to the vertical, which

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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is drawn In pencil on the photo trori the center point with
reference to the vertical bisector .

A horizon ..~~ent , at right angles to this 1ncli~~~
vertical , 1. drawn on all photos depressed be low cha ~isib ’~
horizon. The horizon is drawn at the ind1~,ated ~ i~ ht. w1t’~
re ference to the plane wing marks , o~ the margin ~ r ;~e ~‘;

right cor aer or on a pasted tab of ~~:pOr ~:ct end!  ~
ttc indicated height i~ above the ph-~to.

— It~ was Voun ,d practical to ~ieve ir~e ~ :‘t.~~ f ~
tere :~ vertical horizon distance fro r the ‘z1Dto ~~ -~~ ~~ rr

three depression ani~les) for the aa~~ i~et , - i t  on t he ~e u ~ ~~~~- L:~
using the same cen tra l vani shing po1~ t . ~~~ ca .~- ~~~~~ tn

in black , one in red , and one in blu s .

In use over a photo, the vertical cente r ~•xe ~
- :

~he grid Is p]aoed in re~ iater on the ino1ii~ d v t . —~ l on

~he photo and the visible horizon line of both brou t’.ht t~. c
er If the red center point I. closest to the photo ~~~~~

~,oin t , the two latter are made to coincide , and ~.he r 1  gr: ~
and values are road ,

Obvtoualy tf the denreesloil &~n~’Je ’ :.e ~ c t.v~ ’tu t~• -

oa ses given, the values read are les~ ~iooura te ~~t ~~~~ a ~~~~~ , 
-

approximation, the magnitude of the dieoret ,anoy 
~~~~~~~~ ~r~r~ cr

tn the distance,

9. The n hoto runs studied , being soroca the

- trait , had many photos in mid-run ~ithout lan dx~ -rk~.. T~
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-7—

0OP~

_ _ _



pla
~
e the ~ tace pattern of each run on the map, the C ht ~ht

pe~th ~~e to. uted on a sheet of tracing paper over the map by

m”ana of Ld nt ified coastal point s at the beginning and end

o~ the rue. 8y dividing thi s path by the number of photos

t itk en , the ‘~. ent r line for each photo we. eet~b1ish.d, since

the photo ir terval was constant.

10. The desired detail was plotted on these

flight path sheets und transf erred to the map by r~ ana of a

l:. ;ht table

At this stage , the sea pattern, now i:~ position

geogr aph icaily, can be studied with oth er know n da ta to di.—

cover what correlation may exist.

- - W O/mys
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