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1.

INTRODUCTION

The: introduction of jet propelled aircraft into the field of
photographic reconnaissance greatly increased the height at which
missions could be flown. This increase in altitude permitted grester
coverage on & single mission, but the reduced scale of photography
mede photo-interpretetion more difficult and less accurate. The ob-
vious solution was %o increase the camere focal lenghk in order to
maintain sufficient image size for ease and accuracy for photo-intér-
pretation. This means could be used to mainbain the original desired
socale of photography. Other problems are introduced such as the loss
in resolution due to increased focal lenghh, but the prineipal diff—
iculty exist in the jet aireraft itself. Very strict space and weight
limitations are placed upon high speed aireraft. The installation of
a larger and heavier camera would necessitate the removal of other
equipment in order %o meet ‘the weight requiremenfs. 4lso the increased
size of the camera would reqﬁire structual changesin the ocemers comp-
artment and the outside configuration of the aircraft. Any change in
the configuration\is prohibited since it would affect the serodynam-
ic characteristics of the aircraft.

In order to overcome the focal length limitations and still in~
crease photographic detail, & method was proposed which will use &
convergent system of photography. This consists of using two cameras
of moderste focal length. The optical axés of the cameras would be
tilted along fhe line of flight in opphsite dirsctions. With the cam~

eras in ‘this orientation and ubilizing longer airbases between




photographs, greater stereoscopic effect can be achieved.

The basis for the proposed method is that the third dimensional
view, provided by a strip of aerial photographs taken at intervals,
is extremely wvaluable for recognition and detection of detail. The
stereoscopic view is available in the overlapping parts of two photo-
graphs. The stereoscopic resolution (smallest increment of depth per-
ceptible) is not only inversely proportional to the gquality of the
photograph in lines per mm., but is direectly proportional to the scale
(image sizq}%bject size ) and the angle of stereoscopic view(parallac~
tic angle) between the two lines comnecting the object with the two
points from which the photograph were made. The parallactic angle is
proportional to the base/height ratio; where the base is the distance
between positions where the photographs were made.

High eltitude photography with long focal length cameras (24 in.
or better) flown with normal air base (60% overlap) on present film
(9 in. width) reduces the depth perception beyond usable limits be-
cause of the small parallactic angle and scale. The resolution limit
for the third dimension (depth) in vertical photos is considerably out
of proportion to the plen view.

From 60,000 feet with 36 in. fooal lengthat 25 lines/mm.

resolution, one should be able to recognize dimensions of

2.5 feet in the ground view or a sqguare of less than 3 by

3 feet in a single photograph. The supposition that one of

the dimensions considerably exceeds the minimum increment

of resolution on ‘the ground diminishes very considerably

(by & factor of 2 to 4) the minimum increment resolved by

the second dimension. This well known phenomena mainly

accounts for recognizability of small ditches, paths, pipe-

lines, or even rails and high voltage lines at very small
scales way beyond the resolution shown by regular resoluton



targets. Taking this phenomens into considerabion under

the stated conditioms of 60,000 feet, 36" focal length,

25 lines/hm., one can. safely say that, if there is con=-

tinuity in one direction, the other dimensiom shown in

e gingle picture may be recognized to less than one fook,

in cases of high contrast to less than one foot.

" The same phenomena which increases the resolution

of the second dimension also applies to the third dimen-
sion because generally there is a continuity in three
dimensional patterns. When ‘taking into account an im-
provement factor dus to continuity of the third dimension
of 2.5 the smallest increment of depth recognizable is 10
feet ( 60,000 ft.,36" FuL.,25 1/mm.) which is & discrep-
ancy of 1:10 as compared to at least one of the other dim-—
engions. This is certainly an ungglanced system as far as
tecognizabllity of +three dimensioal objects 1s concerned
IIn such a system stereoscopic viewing contributes very
little to recognition since 1t's resolution is far below
what can be recognized from the other two dimensions shown
in single pictures. This short coming of conventional photo-
graphy can and must be corrected by taking photography with
convergent views which allow regaining of any desirable
scale of the third dimension. Convergent photography by
increasing the parallactic angle, will provide a steredicopic
resolubion similer to that of the other two dimensions.” -

The informetion stated above indicates the need for a new system
of reconnaissance which will produce more information from photos
taken at very high altitudes. The need for the system is urgent since
Air Porce photography is presently being flown at altitudes above
40,000 feet; The aim of this study is therefore to determine if con-
vergent photography is ‘the answer to the problem. An attempt will be
made to arrive at figures comparing normal ﬁo convergent photography
sé'that these figures can be applied to actual use. Laboratory tests
simulating actual conditions will be performed in order to obtain data
on extra information obbtainable by oonvergen§ photography.

L. The Development of Photo Recomnnaissance Systems (Confidential)

Photo Reconnaissance Lab., Wright Air Development Center. (Quoted
material is unclassified)
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I. CONDITIONS AND LIMITS FOR FERCEPTION OF SMALL TRIDIMENSIONAL
DETAIL IN A STEREOSCOPIC PICTURE.

Dr. C«M. Aschenbrenner has investigated the principle of con-
vergent photography and his ealculations prove that a longer air-
base will provide better stereoscopic resolution.

Let a stereoscopic pair of vertical pictures be teken at
an altitude "A" over terrain of elevation "h" with an air

* base "B" and focal length "£". Then it follows from ‘the
fundamental equation of stereoscopy,

H® (A-h)= Bf (1)
b
1 1 AP (2)
thet Ah= AP =- A
B/E X £78 CRU
H~Flying height o% _B_ Base height ratio
p-Parallax H
M._f Inage scale

The smallest just recognizable increment (4h min.) of the
object height "h" is the limit of stersoscopic depth per-
ception, which we want to find. It is,according to equation
(2) proportional to the smallest just recognizable diff-
eréntial parallax (Ap min.).

At first thought we are inclined to set this latter
equel to the smallest just resolved detail on the negative,
commonly expressed as the reciprocal of the resolving pow-
er "R". Experience has shown us that the smallest just
recognizable differential parallax in stereoscopic vision
is much smaller than the smallest just resolved debtail.
This is gquite understandable, because in stersoscopic vis=-
ion we perceive the shift of a group of detail, represent-
ing a particular objsct element, against another group of
detail, representing the baickground of the objeet detall
in question, which is separated from it by the increment
in height (ah).

The ratibo of smallest resolved debail I/R to small-
est differential parallax has been found to be 2 to 4.

Let us assume for the purpose of this survey an inter~
mediste value of 2.5. Then we can set:

1
P ooy _ (3)

The resolving power "RY may, aécording to usage, be




expressed in lines/mm. on the negative. From equation (%)
and (5) we find for the smallest stereoscopically resolved
inerement in object height:

Ah.min.K: R (4)
2.5 R '

If we take verticals with p% overlap, focal length
£, and film width "w" then base/height ratio willbe:

Op% = B _ w(l00-p)% (5)
H £

For 60% overlap we get:

Sg0% . w(100-60)% 04w (8)
F ¥

Combining equations (4) snd (6) gives:

(ah min.)60% = —R-VHV—— (7)

Equation (7) shows that the smallest just recogniz~
able height increment increases proportionally with the
flying height, and does not depend on the focal lengthe.
In other words, the "stereoscopic resolution of depth"
becomes proportionally worse with higher altitude if we
use the seme film width, no matber what focal length we
chooge in order to compensate for image scale. Unfortun=-
ately, the resolving power "R¥ is also likely to shrink
with increasing focal lengbth, impairing the stereoscopic
resolution of depth still more, and increasing the film
width involves too many inconveniences to be atitractiw .
The obvious solution to obtaining higher stereoscopic
resolution of depth is, according to equetion (5), the
choice of a higher base/height ratio "g", ie. the use of
convergent photogreaphy.

This Mathematical proof then illustrates the advantagedf using
longer airbases. It is necessary, now, ‘to determine the mechanics B8

operation of convergent photography since the overlap will be decreased

2 C.M. Aschenbrenner, "High Altitude Stereo Techniques”, Photo-
grammetric Engineering, XVI (1950), Pp.712-19. -
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when & larger base height ratio is used. The loss of the overlap will
decresase stereoscopic coverage, thus defeating the purpose of the pro-
posed method. The addition of & second camera into the system and the
rotation of both cameras along the line of flight will solve this pro-

blem.
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ITI. CALCULATION OF THE ANGLE OF CONVERGENCE.

The use of the term "angle of convergence will be defined as ‘the

e la

anéié formed by the optical axes of the ‘two cameras when the-stereo-
scopié pictures are taken. The "divergent angle®” will be the anéle
between the‘optical axes of the two cameras as they are mounted in the
aircraft.

The following assumptions will be made for the calculations:

Flight Altitude H = 40,000 Feet

Focal Length f = 24 inches

Formst w = 9X9 inches

‘Normal Overlap = 60%

Increased Airbase = Three times normsl

Under these conditionst

Scale = 1:20,000

Coverage = 15000 Feet

Overlap = 80% X 15,000 = 9000 feet
Airbase(Wormal) = 15,000-9000 = 6000 feet

Angular Coverage =21° 14.6' L angle 10 37.3!
Triple Airbase =18,000 feet

Figure I shows the camera coverage at normal and *triple sirbese.
From this it cem be seen that to maintain stereoscopic effect and
overlep of the triple sirbase that the cameres will have to be rotated
along the line of flight. In order ‘to maintain coverage a second cam-
era has to be introduced into the system and roteted the same amount
along the line of flight, but in ‘the oppbsite direction. The angle of
rotation of the cameras is limited by the half angle of the optical
system which is 10 37.35's This limits the rotatgon to 10° so photo=-

graphic coverage will be maintained at the nadir point. Rotation be=-

yond the helf angle would leave a gap directly below the aircraft.
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Under the conditions of 10° rotation the distance from the nadir
point to the intersection of the optical axis with the ground plane is:
D] = 40,000 ten 10° = 7052 feet
and the distence to the extreme point of camera coverage fzom the
nedir point is:
D, £ 40,000 ten 20° 37.3' = 15056 feet
The coverage on ‘the opposite side of ‘the nadir point is:
Dg = 40,000 tan 37.3' = 436 feet
Total coverage of both cameras is 30,112 feet along the line of flight.
Figure II shows the coverage of the convergent photography system.
The coverage is shown for a triple airbase, but photographs would be
made at the usual 60% overlap so that complete stereo scopic cover=-

age will be meintained.
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III. EFFECT OF CAMERA TILT ON FROJECTED OBJECTED DIMENSIONS

The effect of increased object distances is negligible and wbll

not be indluded in the caleculations.

1. Horizontal Dimensions= (on optical axis)

8. Along Line of Flight.

¥0,

17 1%

00 FE. .

y cos 10°20.9848y

"

98 os%y

ty 1
Figure III

!
|

The decrease in horizontal dimensions is only 1.5% along the line

of flight and this loss is practically negligible. At 20° the de-
h!

crease amounts to 6.6% vhich could conceivably be enough to put

the image below the resolution limit.

bs AdrogsThe Line of Flight

There will be no change in projected object dimensions

aoross the line of flight

" 2+ Vertical Dimensions
i »

Comparision will ‘be made at

8+ Normal Airbase
——6,000 f$——

.

o
(B3]

Figure IV

yo,000 £+

‘the midpoint of both systems.

60% Overlep

tan €= 3000 = 0.07850
40,000
6 = 4° 17.3"
x =y sin @ = 0.074%7y
xz T5% y
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be. Triple Air Base

e [$000 ft————

tan © § 8000 & 0,225
40,000

© = 12° 40.25!
yo,000ff,
X =y sin € = 0.2194y

X = 21.94% y

Figure V

The comparisin of fhgures between single and triple airbases
shows that the increase in projected dimeggions of a vertical dimen=-
sion for a triple airbase is three times that with normal airbase.
Thisvié the significant figure to be used as & criteria for evalution
of stereo photography. The 1.5% loss in horizontal dimensim can be n
neglected. If the camere tilt is increased then it would be necessary
to arrive at optimum conditions for the relation of the increase in
vertical dimensions ‘to ‘the décrease in horogzontal dimensiows .

The same results caﬁ be shown from the formulsas;

Ez(&-h)z=Bf
P

p-Bf
H

1. Normael Airbase

p= 6,000X 2 = 0.3
40,000
2. Triple Airbase

- 18,600X 2 g 0.9
40,000
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IV HEIGHT MEASUREMENTS IN OBLIQUE PHOTOGRAPHS

The photo-interpreter is concerned with making measuremints on
photographs, and from these measurements calculating the corresponé-
ing dimensions of the ground object. The method derived by-A; He Katz
is included here as & meens of calculating the height of an object.
It will not yield good results when the ceamera asngle of depression
approaches 90°, ie., vertical position.

The formula may be used for determining the height of ob-
jeots from & single oblique photograph. This ineludes objects
of interpretation interest such as bridges,ships, hengars, and
the like which in normal high altitude. photography will yield
small images. The conditions under which use of this formula is
reducible to a simple and quick procedure are the conditions
under which most oblique photography will be produced; the cam-
era will be mounted with a known and fixed depression angle in
en oblique position. The emount of %ilt induced by normal air=-
oraft roll wild be measured and available.

Consider the geometry of the oblique photogrephy (Figure VI)
where 'the optic axis is along the line of flight. The ground ob=-
ject of height "h" is located as shown, at an angle § tbelow the
optical axis which is at an angle of depression " & "« The angle
Q is always measuped in & positive sense.clockwise from the optic

B.Xis.

T?6“93preﬂﬂwLﬁﬁye b= Object height in feet
H~ Flying height in feet
f=- Focal length in feet

H N Qptical Axis I~ Image size in feet
' '6- Depression angle
Q- Angle off Optic Axis
B!
Figure VI

The height of the object is thens;

h= 2HI coslé@
T sinz(eny)

3 A,H. Ketz, "Contributions to the Theory and Mechanics of Photo-
interpretation From Vertical and Oblique Photographs", Photo-
‘gremmetric Engineering, XVI (3) (1950), Pp.339-86. T
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The preceding formule may be used for computing object height,
but would not be applicable for photographs taken with 60% overlap
in the vertical position since & would equal 90° end @ would be
smell. Measurements could be made with triple airbase convergent
photography since © would then be 80°, but the method would be
applicable only for objects of great height located outside the op-
tic axis. Even under these conditions the accuracy would be low.

Assuming en image size of 0.001 feet , 36 inch focal length,
40,000 ft. height, © = 80°, object on axis. Then,

h _ 2 X 40,000 X 0.001 cos® 0%

3 cos 2(80+0)

h 80 x 1
3 2sin80° cos 809

11}

156 feet approx.
This figure for measurement of object heiglht considerakly lim-
its the number of objects whose height could be measured. Ilmrefors

another oriteris for recognition and detection must be considered.
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V. THE USE OF THE STEREOSCOPIC EFFECT FOR RECOGNITION AND DETECTION

Since ‘the height of’many objects will not have to be accurately
known for interpretive information then ‘the scops of recognition and
detection is considerably broadened by the addition of the stereo~-
scopic effect; This effect then will be the limiting factor B8f recog-
nition and the inability to make accurate measurements merely restricts
the amount of informetion available to the interpreter.

To illustrate the point oconsider an object whose plan view is
imaged as a rectangle of umiform tone in the print. This could be the
image of aither a ‘two diménsional or ‘three dimensional object, but a
single. prlnt does not supply enough 1nformatlon to tell us which it is-..
The addition of a second prlnt which ferms a stereoscopic pair with the
first print will verify that the object is three dimensional if the ob-
ject height is sufficient to produce apairmof imeges above the threshold
for stereoscopic vision. If this is the oase then more information has
been made available and the limit bf interpretation has been placed
on +the ability to recognize the third dimension instead of measuring
this dimension.

It was shown earlier that a triple airbase wiil.reducei$he stereo~
scopic threshold to one third of that with normal air base. This is
enough justificetion for recommending its use and the aim of the lab-
oratory tqgff will be to prove that the use has practical applicatiog.

An atbtempt will also be made to obtain figures which can be applbed to

aerial photography.
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VI THE. FROBLEM WHICH HAS TO BE SOLVED.

A1l the previous informetion steted predicts an increase in inform~
ation which can be obtained by using a convergent system of photography.
Calculations lead oﬁe to &mpect to be able to recognize objects of one
tﬁird the height of those capable of being recognized by standard

. me'thods of photography. This might eause an srroneous assumpbion ‘that
we will then get three times the information from photographs using

" “the convergent system. Anyone familiar with aerial photography knchf
thet this is not true. The three fold increase will,in all probability,
never be realized and, in practice, the increase might be only a small
percentage of what has been predicted. It is necessary thent set up
teststo determine the actuel increase resulting from the whole camera
system. This can be done by aerialtests over t;?gets of knmown height,
a‘less expensive method, but not necessarily as féctual, isto scale
down ‘the whole system and perform laboratory tests.

Using laboratory tests allows more control to be maintained during

the initial study phese. Such factors as illumination, haze, burbulence,
vibretion, all afféct the results obtained in the air, while in lab-
oratory tests these factors can be eliminated or controlled and photo=-
graphs can be taken under the seme conditions at all timeé, once the
best conditions have been establisheda

After laboratory tests are complete and possible variations have
been exhausted then the aerial test becomes more meaningful. Relative-
ly few aerial flights oan establish & relationship and then the 1&bof-

atory tests become of real value. Until this time the results had been

°



17.

merely relative. Once a relationship has been estaﬁlished,then ‘the res
sults of aerial flights can be predicted with reasonable acamracy.

The question that has to be answered by the laboratory ‘tesys is

thent

" How much increase in interpretability can be achieved by using

convergent photography compared to the results obbtained from
60% overlep vertical Photography?"

The results of the comparison will be relative end will no%
give figures capable of prediecting aserial results until a rd ation=
ship has been established. It was originally intended that asrial
flights would be included in this study, but time limitetions and
the unexpected problems encountered in the laboratory prevented in-

clusion of these testse
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VII PRELIMINARY APPROACH TO THE LABORATORY TESTS.

It was necessary at the beginning of the tests to set up arbitrary
conditions of operation. These conditions were subject to ohange as in-
formation was accuiulated sinece there were no previous tests on which
to base the originai conditions. It seemed logical at first +to try %o
duplicate as much as possible the conditions which would exist on an
aerial flight; For this reason a high speed film and a high contrast
developer were chosen, but it was later nege;sérj to change the film
and developer.

The conditions and equipment origiﬁally chosen for the first part
of the tests weres

a. Camera Canon 35 mm. , 50 mm. foeal length

be Film Kodak Super XX 35 mm. roll, This film has the same

speed and grain as dero Super XX, but does not have
the same spectral sensitivity characteristics.

c. Development D-19 with the fillm developed to & Gamme of 1.

The gemme is lower ‘then normally used for aérial
photographs, but is easier to reproduce wniformly
throughout the tests. 4 higher gemms was not necess-
ary because of the high target contrast.

@+ Illumination. A single Photoflood Lemp. The reason for using

a single lamp was to simulate sun conditions. Bhis had
to be changed later because it introduced a s ource of
error in reading the results

e+ Camers Disbance Originally chosen at 20 feet.



f. Target
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Target contrast was chosen as infinite since it was ea
ea.gler to make targets with very high contrast. Two
separate targets were made, One had white bbjects on

a bleck background end the other had black objects on
e white background. It was & three dimensional target
consisting of objects of three cross-sections, 0.25,
0.50; 0.75 inches square, Ten objects of each cross~
section were.made varyiﬁg in height from 0.25 to d.75

inches. The target array is shown in Figure VIII.

g. Diagram of Equipment Arrangement

Triple
Arbase

Optical Axis

Height

10°

Target

Figure VII

h. Airbases At a distance of 20 feet the airbases were 9 feet

for the triple base and 3 feet for the single base.
Therefore pictures were taken at 1.5 and 4.5 feet
left and right of the axis on the normal to the

axis at 20 feet from the target.
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i. C?}teria of Evaluation The.means of comparing the *wo
systems was chosen as the object of minimum height
whioch could be reproduced stereoscopically. Objects
smaller then this could be considered to be below the
limit of stereoscopic resolution for the conditions
under which +the photographs were taken. The height
of the object which is Just stereoscopivally resolved
by each system would give a relative comparison figure
and would be a measure of the increase in detail which
can be obbtained in the third dimension by convergent

photography.
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VIIT LABORATORY TESTS TO DETERMINE SUITABILITY OF THE TARGET AND THE
ESTABLISHED CONDITIONS

Photographs were made using target #1 with both black objects on
& white bdckground and white objects on a black ﬁackground to deter=-
mine whether the conditions previously established for the tests would
yield usuable results for evaluation purposes.
1. Initial Test Conditions

The following test conditions were established for the first testst

a. Target Distance 20 feet

be Single Airbase 3 feet

c. Iriple Airbase 9 feetb

de Film Super XX

e. Illumination A single photoflood lamp 10 feet from the target,

4 feet to the right of the axis.

f. Exposure % second at £/5.6 and f/@.

After a set of pictures had been taken at the stated conditions,
a white cardboard reflector was added to the system to the left of the
target, and another set of photographs was made. The reflector was added
to allow some diffuse light to fall on the left side of the target
since the shadow cast by the objects was darker then would be encount-
ered under ordinary conditions.

The negatives werse developed in D=-19 developef for 6 minutes at
68° F, and contact printed on Azo F-2 paper using Dektol developer.
2. Results

&. The exposure was too high resulting in ﬁeg&tivas which were

tovedense for satisfactory prints.



23.

b. The photographs where the reflector was used gave ‘the best
results since some light was cast inbo the shadows, but more
light was required for the pictures to have inbterpretative
value.

o« The black ébjects on ‘the white background were poorly record-
ed, due to the flare of the background into the image of the
objects. Thispart of the target was omitted in further tests.

d. The barget distance appeared to be too large for evalution
purposes, but this cennot be decided until pictures of better
quality are éx&mined.

3. Altered Test Conditions

The conditions of the following ‘tests were changed to overcome
thelimitetions of the system as originally established. The conditions
were changed tos

a. Target Distance 15 feet

b. Single Airbase 27 inches

c. Triple 8irbase 81 inches

d. Illumination Two photoflood lemps 8 feet from the target

4% feet to the right and left of thé axis.

e. Exposure £/5.6, 1/4 to 1/40 seconds

f. Film and Processing BSame as first tests.

4. Results |

The photographs resulting from these tests Were'oonsiderably im=-

proved over ‘the initial tesbs, particularly in the exposure and light-

ing conditions.
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b.

The best negatives were produced at an sexposure of f/B.S s

1/20 second.

The use of two photoflood lemps provided better illumination
on the target, but cast a sharp shadow out on both sides of
the objects. These shadows made evaluation difficult so the
lighting arrangement was changed to remove most of the shadow
from the sides.

The combination of Super XX film and D-19 developer produced
negatives which were extremely grainy with low resolution and
poor edge rendition anci thus made low quality prints. There-
fore it was deeided to use Plus. X film in combination with

D-76 developer in order to get better quality pictures.
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IX LABORATORY TESTS WITH TARGRT # 1
The previous tests were performed for ths purpose of finding the
faults in the sysbtem and correcting the omes that affected interpre-
tation. It was then possible to take & series of photographs that
would allow an evalution of ‘the system in order to determine if the
criteria of evalubtion as orifinally chosen was & valid method of com-
parison.
l. Test Conditions
a. Target Distance 5,;ib;‘l5, and 20'£eet
b. Single Airbase 9,115; 27, end 36 inches, respectively,forthe
above target distances
¢« Triple Airbase 27, 54, 8l, and 168 inches, respectively for
the above target distences.
de Film Plus X
e+ Illuminetion Four photofloods as follbws:
-1le 1 foot in front, 5 feet abo&e the target
2. 5 feet in front, 2 feet below the target
3. 12 feet in front, 5 feet to the right, level with the
target
4. 12 feet in front, 5 feet to the left , level with the
“target
f. Processing D76 developer, 20 minutes, 68°F, Printing Azo F-3
paper, Dektol developer.
2. Results

a. The quality of the negatives was greatly improved by the change



26.

o0 Plus X film and D-76 developer. The resolution wes incresased
to the point Wherevstereoscopic viewing was achieved.

The use of the four phofofloods did away with most of the shad-
ows, but there was still enough shadow present to introduce
error inté the interpretation.

The dimensions of the target array introduced anmother source

of evalution error which had not been considersd. This error
wag caused by the different perspective angle of viewing ‘the
objects at ‘the tpp and bottom of the target. Because Bf the
length of the target in ‘the vertiecal direction, the lower side
of the upper objects and ‘the upper side of the lower objects
could be seen and this gave the impression of an object which
was not vertical. Since the size of this surface was the samb
in both single eand triple base photographs it does.not conbrib-
ute anything to stereoscopic viewing, instead it is & confusing
factor which:had to be eliminsted. It is also possible to see
the side surfaces of the objects, but this is desirable for
stereoscopic viewing since these dimensions will vary for the
two airbases and becomes & part of the method of comparison.
The target distance which gave the best stersoscopic viewing
conditions was 10 feet. This distance was chosen for future
tegts.

The different target cross-sections pregérted tdo maxy objects
to ‘the observer and made viewing difficult. The moé@ usable

objects were ‘those with the 3/4 inch cross—-section.
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3. Analysis &f the Results

Photogrephs of the target taken at 5 and 10 feet are shown in |
Figure IX. From these photographs the smailest object height which
was just stereoscopically resolved could not be accurately deter-
mined. This was due to a number of fachors such as illumination, angle
of perwéective, too many objects in the target array, and the factor
of personal opinion on which object was just stereoscopically resolved.
It was necessary then to change the whole target array to overcoms the
difficulties and to establish & new criteria of evalution. The method
of determining which object height was just stereoscopically resolved

was too dependent upon personal opinion to be of wvalue.



Triple Airbase, 5 ft. Target Distance
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Normel Airbase, 5 ft. Target Disbtance

Titple Airbase, 10 ft. Target Distance

Normel Airbase, 10 ft. Target Distance

Figure IX Stereoscopic Pairs of Target % 1
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X LABORATORY TESTS WITH TARGET # 2

The previous results indieated that the test apparatus required
changes in order to overcome the'difficulﬁies encountered. Thérefore,
& two object target (Figure X) wes adopted which eliminated the phys-

ical difficulties and presented the observer with just the single

choice as to which object was higher. Illumination was planned as a !

single source with & large reflector on the axis of the system. An op-
timum object height and the range of movement of the movable object
had ‘o he established. Two sets of photographs were made to determine
those oonditions.
T - Phe.medhod of illumination proposed above had to be abandoned
sihcé-a suitable reflector could not be obtained. The system was
appromimated by putbing two photofloods on the axis at a disbance of
10 feet. No shadows were formed by this means of lighting,but the
sides of ‘the objects were too dark t§ be broperly recorded by the film.
The sides were lighted by two photoflqods placed 20 feet from the tar=
get, 5 feet left andrright of the exis, and level with the target. This
illuminate@ the sides sufficisntly, bub oést a slight shadow on each
side of ‘the objects which was not expected to cause any difficulpy be-
cause there was very little combrast between the shadow and the back-
ground. l

The following conditions remained the same for‘the remainder of
the tests: |

Be Objeqt Disteance 10 feet

b. Single Airbase 1.5 feet

cs Triple Airbase 4.5 feet



de Film Plus X

e+ Exposure f/4.5, 1/%0 second
f. Processing Negetives, D-76 Developer; 20 minutes at 68° F
F Prints, Azo F-3 Paper, Dektol Developer.
ge Illumination 2 Photofloods on axis at 10 feet
2 Photofloods 20 ft. from target, 5 ft. on each side of the
axis, level With the target.
l. Test # 1, Object Height 1.5 inches

In the firsf test the object height was chosen as 1.5 inches,
which was the approximate height of the highést objeet in the first
target. The movable target wes veried between 1.25 and 1.75 inches in
1/16 inch increments.

When the photographs were exsmined it was found that both the
object height and the range of height differemce were too smell. The
object height was too small in relation to the total increment used
so the larger object could be determined from a single photograph with
the triple base. This occured because the %'inch difference was too
large & percentage of such & small object height. The range of differ-
enceiwas not large emough to obtain accurate results with the normal
base since the difference ofl %; inch was too small for 100% Probability
of debbetion.

2. Test # 2, Object Height 4.0 inches
The height was incfeased to 4 inches and the renge of difference
1

we.s changed to T inch above and below the fixed objeot with 1/% inch

increments. This increment was chosen in order to get quick results



on ‘the smount of height difference required without obtaining an excess
of photographs for évaluafion in these preliminary tests. This incre=~
ment was not expected to be of much value, but accurate results were r.
not required at this stage.

The 4 inch object height was too large for the object distance
used. The stereoscopic effect of the triple base was so exaggerated
with this height that the pictures could not be properly fused. The &
inch range of movement for the other objmct was sufficient for the
triple airbase, but was just on the borderline for the normal base.

The 1/8 inch increment was ‘oo large as expected so the 1/16 inch in-
crement was chosen for evaluation purposes.
3. Results

The photograéhs obtained in thess two ‘tests were presented to four
viewers fbr eveluation. There were 36 stereoscopic peirs and the view~
ers were asked " Which object is higher?". The results were not expect- -
ed to be accurate, but were used to determine if the new target was
uéuable and if the range of difference.in height was sufficient for in-
terpretation.

A graph was plotted of * The numbsr of right answers vs. height
difference and this graph indicated that the results were following
e trend similar to the theoretical caloulations. From this graph it
was determined that a slightly greater height difference would have to
be used for the normal air bass since the height difference for 100%
probability of detection had not been reached.

The decigion reached was that an intermediate object height
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(between 1.5 and 4.5 inches) should be used and the height difference
should be slightly inoreased for the normal airbase. The sstablishing
of these conditions solved the last major problems which had to be
overcome before tests could be performed that would yield accurate
results for arriving at conclusions on ‘the practiocal applicatdon of

the systems being studied.



XI. FINAL LABORATORY TESTS FOR EVALUATION PURPOSES

The previous results indicated that ‘the object height should be
between 1.5 and 4.0 inches, so the new object height wes chosen as
2.5 inches. It was selected closer to the smaller height in order to
avoidsas much as possible,the exaggerated stereoscopioc effect produced
by the 4 inch targets when viewed at the larger airbase.
l. Conditions

The conditions of illumination, exposure, etc.,as previously
established, were maintained. The only changes made in this ‘test wére
as follows:

a. Fized Barget Height 2.5 inches

b. Movable Target Height 3.0 to 1 13/16 inches in 1/16% increments
Photographs wereemade at both the normal and triple airbase for each
increment and 40 stereoscopic pairs of photographs were produced for
evaluation purposes

It had previously been observed that the slight shadows present
in %the prints were a sourée of confusion to the viewers. An attempt
wes made to reduce or remove these shadows in ‘the printing process by
overexposing the print. The background-shadow contrest could be reduced
beiow ‘the visual contrast threshold,by the overexposure of the print,
without seriously affecting the high objeet~background contrast. This
method worked satisfactorily, but some of the prints were a little too
light due to the inability to judge the best exposure until the prints
were dpy and could be examined under the stereoscope. The variation in

illumination across the printing surface caused some of this effect.
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2e Broceduz"e

The pairs of photographs Were mixed and presented 4o the observers
in rendom order so that the viewers would not be influenced by a reg-
ular pattern existing in the menner in which the picturss were viewed.
Some of the stersoscopic pairs are shown in Figure XI. A simple pocket .
stereoscope was used for observation and no time limit waé placed upon
the viewers. Lighting conditions for viewing were chosen individually
by each observer so that an unsuitable condition would not be forced
upon them‘which might cause eyestrain and give srromeous results.

The viewers were asked to chose which object appeared fo be of
greater height in each of the 40 stersoscopic pairse. The basis fop
evalution was; " A wrong answer for a certain height difference in-
dicated that the particular height difference was below the threshold
of stereoscopic resolubion and the observer could detect no difference
in the height of the two objects' ’
3+ Results

The photographs were viewed by 10 observemes and a graph was plotted
of Y The Humber of Right Answers vs. Height Difference” ( Figure XII).
Because of the duplication of height differenoes above and below the
fixed object there were 20 possible ansﬁers at each difference. At
first it was intended to have more then 10 viewers read the photographs,
but the results were being reproduced so closely by each observer, it
was felt that this number of viewers was sufficient.

The probability of detection of a height difference is the rabio
of the number of right answers to the number of possible answers at

the particular helghbt difference. The probability figures would no%
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be too accurate because of the smallinumber of observations, but can be
considered accurate for 100% probebility, ie. when there are no wrong
answers. At height differences below the stereoscopic threshold ‘the
observer had a 50% probability of giving the right answer and the prob-
ability of dbbebbion inoreased wnbtil & height difference for 100% prob-
abilityof detection was reached for each airbase. Referring to the
greph in Figure XII, it can be seen that the height difference for 100%
probability of detection is smalier for the triple airbase. This was
the éxpected result predieted by the theoretical calculations, whichl
indicated this value should be 1/3 that for the normal airbese. Actual-
ly the difference is‘approximately 1/?, but this does not meah that the
regults are inacourate. The threefold increase is & maximum value and
might be reached under optimum conditions, while the conditions used
for these tests ylelded only & twofold increase. One reason for not ob- =
taining the full increase was thabt ‘tthe triple airbase photographs were
difficult to fuse stereoscopically. The factors causing the difference
in results might be corrected after exhaustive laborafory tests had
established optimum test conditiong, but a full threefold increase
would not necessarily be realiged.

The deviation in ‘the graph (FPig. XII) for the normal airbtase at
the 8/16 inch difference was caused by one print being of lower den~-
sity than the other, making it more difficult to view the pair of
prints stereoscopically. The 1/16 inch difference point was caused by
more ‘than 50% of Ehe viewers chossing the right enswer at a point where
only a 50% probability existed. Statistically, this point would show

half the observers as right for a sufificient number of observations.
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riple Airbase Top Object Height=- 2.5 inches

Height Difference 7/16inch

Height Difference 3/16inch

Normal Airbese Top Objeot Height- 2.5 inches

Height Difference 1/2 inch

Height Bifference 1/4 inch

f

Figure XI Stereoscopic Pairs of Target # 2 (

10 ft. Distance)
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XII CONCIUSIONS

The results obtained in the laboratory tests prove that in prac-
tice an increased airbase will improve the interpretative ability in
the third dimension of height. The results do not achieve the full
return indicated by the theoretical calculations based on the geometry
of the system, but & number of factors could cause ‘this difference
such a&s:

&+ The Combination of Exposure on the Negative and Print. In

order to approsich the expected three-fold return, the expoéures
'woﬁld have to be such as to produce the best negative and
print_for interpretation purpoées. Each print would have to
h&velthe same contrast and density range and all conditions
detrimental to stereésoopic viewing would have to be removed.

b. The Exaggemated Stereoscopic Effect with the_Triéle.ﬁirbase.

This effect could be reduced to & minimum by finding the opti-
mum object height for the cemera distence being used. The se®w
lected object heiéht has to be suitable for both the normal
and increased airbase since both systems must be photographed
under ‘the same conditions so they may be compared.

ce The Target Construction. Much more accurate results could be

obtained if it were possible to use a smaller incremsnt. It
was felt that a 1/16 inch increment was the smallest that
could accurately be used with the target as it was constructed.
With proper equipment and material, a ‘target array could be

constructed which has accurately mechined objects that could




be varied in height by a micrometer arrangement in much small-
er increments than were psed for these tests. This wounld great-
ly improve the accuracy of the results since more points could
be plotted for the curves end the points of 100% probability

of detection would be much more accurate. .

The twofold increase shown by ‘the results of these tests could
very probably be close to the maximum obtainable by the system in act-
ual use. This could be caused by the exaggerated stereoscopic effesct
itself which prevents proper fusing of the images for ‘the inoreased
éirbase and limits the improvement to a figure less then predicted.

On the basis of the results obbained, the height difference which
could be determined in laboratory tests was;

8. Normel Airbase. Approximetely 5/8 inch difference could be de-
termined at a 2.5 inch object height. Therefore, the height
difference/height ratio would be 0.25, indicabing that it would
be possible to distinguish between the height of two objects
if one is 25% lower or higher than the other, assuming both
are above the stereoscopic threshold.

be Triple firbase. Approximaﬁely 3/8 inch difference could be de-
termined at a 2.5 inch object height and the heifht differencq/
height ratio is O.15. The height difference requifed for detec~
tion is then 15% or approximately half thet needed for the nor-
mel base, under ‘the same conditions.

Aerial test flights would have %o be run in order to determine if

all the figures can be scaled up to aerial photo conditions. If %
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this can be done, an object can be resolved stereoscopicslly if its
height is equal to the height difference, determined in these tests,
scaled up to the operating conditions. The height necessary for ster-
eoscopic resolution at 40,000 feet with & 24 inch focal lengtﬁ cam=~

era would be:

h= Ground Object Height
H- Flying Height

h=_ 4 IF H , d- Height Biff. in Test
D e Objects
' By Focal Length of i
hz0.375 . 40,000 = 10.4 feet © goo ot gth of ferial
120 24/2 Fy-Focal Length of Test
Camere :

This figure of 10.4 feet is considerably less than the 156 feet re-
quired for measurement of the object as was calculated in Chapter .
This illusbrates the advantage of the sbtereoscopic effect for inber-
pretation purposes. The height required for the normal airbese would
be about twice the value calculated above or 17.4 feet. The difference
in resolved heights would mean a largévdifferenoe in the amount of
information available from the two systems.

The results and calculations indicate that there is a practical
advantage in using convergen£ photography for high altitude recon-
neissance, since objects of about one half the height detectable by
the normal eirbase can be stereoscopicall-y resolved. This achieves
the same effect for vertical dimensions as using & camera of at least
twice the focal length, which cannot be used because of the space
limitations in jet aireraft. Convergént photography then offers a sol-
ublion to the high altitude reconnaissance problems, but the exact

amount of inerease in information cannot be accurately determined



until a flight program has been completed and evaluated.
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ABSTRACT

The introduction of jet aireraft into the field of reconnaissance
greatly increased the height at which missions could be flown and the
reduced scale fo photography made interpretation less accurate and more
difficult. The original scale of photography could not be mainteined
by inoreasing the camera focal length because size and weight limit-
ations were placed on the camera due to the airoraft itself. The space
is not available in the camera compartment for a longer focal length
camsra s In order to overcome this diffioulty, & method was proposed
which would use a convergent method of photography. This consists in
using ‘two cameras of the same modersfe focal length and rotating the
optical axes along the line of flight in opposite directions snd fix=-
ing ‘them in these positions. With the cameras in this arrangement and
utilizing longer airbases, greater stereoscopic effect oanlbe achieved.

The purpose of this project was tro determine how much increase in
interpretability could be expecte& from this type of system. &n air-
ba.se thres times normel was chosen for the ‘tests and for the estab-
lished conditions it was found ‘that the two cameras would have to be
rotated 10° from the vertical position. & robation beyond 10° would
have left & gap in camers coverage at the nadir point.

The effect of camera tilt on the projected horizontal and vertical
dimensions was calculated so that an excessive tilt angle would not be
uged. The loss in projected horizontal dimensions was negligi%&@ and ©
could be neglected. The increase in projected vertical dimensions in-
dicated that a three-fold increase in height determination could be

expeoted for ths triple base.
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A method of meking height measurements from oblique photographs
was studied for the purpose of discovering what object height was
necessary for accﬁrate measurements. This height was approximately
156 feet for the chosen conditions, and is too large for practical
use » Therefore, it was decide that the stereoscoplc effect would have
torbe used as & means of comperison of the two systems.

With this in mind. a target was dévised in which a number of ob-
jects of different height were gtereosoopigally presented to the viewe
ers. The purpose of this mebthod was to determine which object was just
steresoscopically resolved. This method had a number of faults and was
discarded.

The next target devised had only ‘two objects which could be wvaried
in height. One object was held at a fixed height while the other was =
moved in specified inecrements above and below the fixed barget. These
photographs were presented ‘to the viewers and they were asked which
object appeared higher to theme. The assumption was mede here that a
wrong answer at & particular height difference indicated that this
difference could not be stereoscopically resolved. After a number of
trial tests which were made to determine operating conditions, & final
set of photographs was mads. This set consisted of 40 stereoscopic
pairs in which en increment of 1/16 inch was used and ‘the total height
difference was varied up- to 11/16 inch, This set was presented to 10
viewefs and ‘the number of wrong answers was plotted against the heighb ‘
difference.

The graph of results showed that, under the conditions established
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for the tesbs, one half the height difference could be determined by
the triple airbase as compared with the normal base. This was not the
three~fold increase expected, but was a satisfact;ry answer oconsider-
ing the factors which introduced possible error.

The conclusion reached after studying the results, was that a
convergent system of phobtography does have & practical epplicetion.in
high altitude reconnaissance since the ability to determine heights
would be considerably improved. The actual figures relating the ground
tests and serial flights osnnot be determined wntil & flight test pro-

gram establishes a relationship between the two situations.




