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PREFACE

The contents of this thesis were gathered during some three years
of active service with the armed forces of the United States during
wOrid War II. The author believes that it is the duty of those teachers
of engineering who have experienced service in the war to record various
aspects of their contact with modern applications of science to the end
that it will become more readily available to civilian usage when peace
shall come again.

To the Council of the School of Engineering of the Oklahoma dAgri-
cultural and Mechanical College for their kind invitation to receive the
degree of Civil Engineer, the author is grateful. To Dean Edward R.
Stapley, to Professor Ren G. Saxton, to Professor Clark A. Dunn, and to
Professor John E. "Dad" Kirkham go special appreciation for their approval
of this thesies. Its preparation has been lightened by knowledge of their

friendship and memories of the days when we were colleagues on the same

campus.

Socorro, New Mexico,

October 1, 1944



MAPPING FROM TRI-METROGON AERIAL PHOTOGRAPHY
I. INTRODUCTION

1. The engineering profession may anticipate a widespread use of
methods and procedure developed by the armed forces during World War
II. These advances encompass all phases of the utilization of science,
directed toward the single purpose of victory. But their application
to peaceful pursuits will be no less effective. One useful develop=-
ment possessing inereasing capabilities is aerial mepping by Tri-
Metrogon. Developed in Alaska, in the early 1940's, this method has
proved itself to be accurate, fast and economical. It is least af-
fected by variations in flying and the need for geographic control
is a2 minimum,

II. SCOPE

2. This discussion covers a brief treatment of the theory of
planimetric mapping from high obliques, a detailed descﬂﬁim of
the steps involved in the preparation of planimetric maps from Tri-
Metrogon photography, a description of the material and equipment
used in plotting, an example of the time required for the various
operations, and an estimate of the capabilities of such a system of
mapping. A knowledge of radial line plotting and the slotted tem~
plate methods of'asncnbly is presupposed. ‘

III. GENERAL

3« Bage of Flying. The method of aerial photography with the
assembly of three cameras is designated as the Tri-Metrogon method.
This assembly contains three cameras, one pointing vertically down-
ward in the conventional manner and two mounted normal to the direct-
ion of flight, but at a large tilt from the vertical. The two oblique

cameras are placed so as to cover above the horizon and to overlap the
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area covered by the vertical camera, with about 14 degrees of overlap.
All three cameras are intercomnscted so as to make exposures simul-
taneously and thus cover a strip of ground extending from horizon to
horizon in a direction normal to the flight line. The net effect of
this method of photography is to increase the width of ground covered
by a flight of photographs and hence permit a wider spacing bstween
flight lines. Expari_once with this method suggests that the precision
flying required for vertical photography is not required for photo-
graphy witli the Tri~Metrogon assembly. Both of these factors operate
to make the job easier for the photographic erew.

4, Time of Mapping, Because amerial photography with the Tri-
Metrogon assembly is faster than with the conventional vertical
camera, it does not necessarily follow that the mapping will be faster
by using such Tri-Metrogon photography. The aerial photography is but
a smll part of the work of producing a map, but it has a great effect
on the time needed in the subsequent work of compilation. With equip-
ment and luitil.bly trained photographic personnel available to secure
vertical photography, the overall time of mapping will be less with
such photography than when mapping with Tri-Metrogon photography to
equivalent scales, accuracies, and amounts of detail, Many more
operations must be performed by the mapping personnel in plotting
the information from the obliques and the time required is proportion-
ately increased. For equivalent accuracies and amounts of detail
shown, the number of photographs needed to be processed is approx~

imately the same for both Tri-Metrogon and vertical photography.

5. Charting. Tri-Metrogon photography is an advantageous type
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for the preparation of small scale charts in undeveloped country. This
has been particularly true of the large areas of remote country which
have recently been covered with such photography for the purpose of pre-
paring aeronautical charts. In suech country, where the photographic
season may be short, a great coumﬁo can be obtained with limited
oquipliunt. Ag the large, natural features are the main ones to be
chartered from such photography, satisfactory identifications for
the purpose intended can be made at great distances om the oblique
views.

6o Dotailed Mapping. Photography from the Tri-Metrogon assembly
can also be of some value for the preparation of more detailed maps.
Although vertical photography is to be preferred for such uses, oc-
casions may arise il_nr. enisting M-lbtrog.on photography can be made
to fill an immediate need. The vertical exposure of the Tri-Metrogon
assembly lﬁl, of course, the same capabilities that any other vertical
exposure would have. The oblique exposures can be made to augment the
vertical and can furnish useful information for some distance out from
the area covered by the vertical., This is useful in such prbjects as
flood control or highway location. The distance to which indentifications
can be made satisfaetorily on the obliques will approximaste the width of
enother strip of vertical exposures. This is not a sufficient distance
to cover the entire area between flight lines as ordinarily flown with
the Tri-Metrogon assembly. Therefore, such a detailed map produced from
this method of photography must either be discontinuous or have areas
centered between flight lines in which insufficient information has been
plotted. It is possible, however, to plot with some degree of accuracy
all of the detail that can be properly identified on the oblique ex~

POBUres.
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T+ Plotting. The vertical exposures of the Tri-Metrogon assembly
are joined in a minor control by the radial line method. Horizontal
directions are determined from the oblique exposures so that they may
be properly resected and oriented with respect to the radial line plot
of the verticals. Additional horizontal directions are determined from
the obliques for points midway.batvsen flights and these serve to tie
the flights together. The operation is performed using a mechanical
type of radial line system. Additional points lying between flights
for control of the plotting are located by horizontal directions ob-
tained from overlapping oblique exposures. The detail is compiled from
the vertical exposures to the radial line plot by use of a v;rtical
sketchmaster, which is a form of camera lucida, or any method that
will permit adjustment of detail to the minor control points. The
detail is compiled from the oblique exposures by use of a form of
camera lnaida known as an oblique sketchmaster. As its name implies,
it is an aid to sketching the detail from the oblique photographs.

It presents to the eye a rectified view which is superimposed on and
adjusted to the minor control points established. The completed com-
pilation is put through the necessary drafting and reproduction steps
as for any other mapping methods.

| IV. AERIAL PHOTOGRAPHY

8. Cameras, Installation, Flying. - a. Cameras Useds, Either
the K-17 or K-3B type cameras are used in the Tri-Metrogon assembly.
In either oﬁse they employ the six-inch cone equipped with the Met-
rogon, wide-angle lens and a vacuum back magazine exposing a 9 x 9
inch negative. These cameras have an angular coverage of approximately
74° as measured across the axis of the focal plane. Thus three of them

provide more than enough coverage for the 180° from horizon to horizonm.
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While the lens used in these cameras is known as a six-inch lens, the
focal lengths of the actual lenses may vary from 149.2 mm, to 155.6 mm.

b. Ingtallation. (1) The cameras of the Tri-Metrogon assembly have
been installed in almost every type of aireraft from pursuit to heavy
bomber. It is only necessary that the proper camera mountings can be
arranged. Photography may thus be encountered from any one of these
types. ©Since the type of aircraft varies, so alsc the method of in-
stallation must vary. Generally, the installation is of a fixed
nature with the cameras rigidly secured to the frame of the aireraft.
One of the cameras is mounted so that its optical axis points verti-
cally downward and so that the sides of its focal plane are parallel
to the axis of the aircraft. The two obliques cameras are mounted so
that their optical axes are inclined at an angle of 60° from the
vertieal camera, one pointing to the right of the ship and ons to the
. left. The oblique cameras are also mounted so that the sides of the
focal planes are parallel to the axis of the aircraft. This mounting
provides for an overlap of approximately 14° between the fields of
coverage of the oblique and vertical cameras., With the aireraft in
flight, the obliquo'camsras cover approximately 7° above the true
horizon.

(2) It is evident that three cameras the size of the ones em-
ployed in the Tri;ﬁbtrogon'naaambly cannot be mounted very close to-
gether in the aireraft. The method of mounting varies widely in the
difforént aireraft and so the distance between cameras also varies.
It will usually be found that the greatest distance between any two
cameras of an assembly is less than tem feet, Since the photography
is performed at a great altitude, this separation becomes negligible

and it may be assumed that all three cameras are exposing from the
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same point.

(3) Although most Tri-Metrogon installations have a rigid com-
nection between cameras and aireraft, some installations may be en-
countered where this is not the case. For instance it may occur
that the vertical camera is mounted on the floating suspension pre-
vided in the ship for the usual type of photography. This camera
might be manually comtrolled to maintain it in a vertical position
throughout the small variations of the aircraft from level flight.

The two obliques cameras might be mounted adjacent to each other on
a common framework which in turn might be mounted at some other
point in the aircraft., Thus there would be no constant relation-
ship between the oblique cameras and the vertical camera although
the obliques would have & constant relationship between each other.

¢. Camera Mounts. The same manner in which the mounts for the
camerag of the Tri-Metrogon assembly are construected and the manner
in which the cameras are set in the mounts do not lead to precision
settings. Thus is found that the angle of 60° to which the oblique
cameras are nominally set may be one or two degrees in error. The
other angles of setting, that is the horizontal direction of the
optical axes and the rotation of the cameras about their optical
axes, may likewise differ by one or two degrees from the desired
setting. Since some of the installations require that the cameras
be reset every time they are used by means of a bubble and protractor,
this setting will not remain a constant for any given camera dnd mount.
It is further possible that by changing a msgazine on the camera during
the course of a day's operations, or by giving the camera an accidental
shock while it is in operation, to alter appreciably the angular settings.

The settings of the cameras can only be determined by direct measurement
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on the photographs obtained.

d. Expogures. The operation of the three cameras of the Tri-lietro-
gon assembly is controlled by a single intervalometer. At the moment,
of exposure, the intervalometer causes solenoids in the bodies of the
three cameras to be actuated simultansously. The action of the solenoids
is translated through a mechanical linkage to the shutter release in
each lens and thus opens and closes the three shutters. It is possible
that the mechanical linkage has varying degrees of free play in the
three cameras which might produce exposures at slightly different times.
This possible interval between the nominally similtaneous exposures can
be but a small fraction of a second and probably is negligible. Further,
since it is practiecally impossible to test and adjust this difference,
the assumption of simultaneous exposures must be made.

ee Flying. Flying for the Tri-Metrogon photography is performed
in practiecally the same manner as for vertical photography. The
mximum possible flight altitude is used since the usable width of
the ground covered by the oblique exposures is thereby inereased and
it permits a wider flight spacing. Exposures are made along straight
end parallel flight lines at an interval that will secure a 607 over-
lap of the consecutive vertical exposures. This is the desirable
exposure interval but it may be much shorter. With the cameras in-
stalled in pursuit type aircraft where there is no operator to determine
the interval, it will probably be found that the overlap is much greater
than the 60{ desired. As the cameras usually cannot be manually con-
trolled, their level is determined by the precision with which the air-
craft is meintained in level flight. Likewise, since the cameras are
secured to the frame of the mircraft, it is not possible to correct
them for the crab of the plane. This is a troublesome feature of this



type of photography. The operation of the cameras is in other ways
identical to their use in verticel photography.

9. Information Required. a. General. Persons responsible for the
preparation of maps from Tri-Metrogon photography must have certain
information from the photographiec personnel concerning the manner in
which the serial photography was performed. This information must
include those things normally required to be known for vertical photo-
graphy as well as certain additional information characteristic of the
Tri-Metrogon method.

be Installations A complete understanding should be had of the
method of camera installation employed. This is necessary to properly
evaluate the reliability of the mounts in maintaining the angular
relationships between camerss. The angles to which the cameras are
set should be known along with the method by which the cameras are
set to those angles.

¢. Index. #An index of the aerial photography should be obtained
ghowing on the best map available the location of flights nude,‘thn
direction of the flights, and the location, by number, of exposures
along the flights. The aerial negatives should be numbered by any
standard system that will provide for convenient indexing and filing.
Thoy‘lhould be nunber;d in a manner that will readily identify the
obliques and vertieal of a set that were exposed at the same time.

d. Camera Used. The records obtained on the photography should
identify the negatives by number and roll as to the serial number
of the magazine in which they were exposed, the serial nugber of
the lens cone, and the serial number of the lens. The record should

also show by serial number the equivalent foeal lenghts of the various
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lenses used on the photography. This is the focal length as marked on
the lens retaining ring and, in the absence of more complete information,
must be used ag the focal length of the camera using that lens.

o. Time of Photography. The records of photography should show the
dates and time of day at which the exposures were made. The time should
be recorded at the beginning and end of each continuous strip of ex-
posures.

f. Camera Movement. The records of photography should show notations
indicating the approximate exposure number at which any possible dis~
turbance occurs to the camera. This is necessary to help locate any
possible changes in the angular relationships between the cameras.

g. Camera Failure. The record should show notations of any possible
camers failure during the flight and steps taken to remedy it during
flight.

he Flight Altitude. The record should show the flight altitude of
the photography with all necessary corrections applied to secure the
greatest possible accuracy in the height of the plane above thu'ground.

10. Materials Required. a. Number of Prints. The photographs com-
prise the largest item required as a result of the aerial photography.
The number of copies of the photographs required for mapping will vary
with the situation. In practieally all cases, ome complete set of
contact prints will suffice for the actual work of compilation. There
may be occasions, however, where additional copies will be required
for other uses along with the map compilation. It is probably a safe
practice to request two prints of each negative.

b. Type of Prints. To obtain the highest degree of accuracy in

mapping from Tri-Metrogon photography, it is necessary that the prints
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to be used for the actual compilation be made on the highest grade of
non-shrink paper or film base. The request for prints should stipulate
the type of prints required. For the usual type of charting performed
from this photography, prints on a good grade of double weight paper

will suffice. The prinits should be allowed to dry naturally following
processing. 'rhoy never should be "Ferrotyped" or put through a mechanical
drier or print straightener. Single weight paper should never be used for
prints intended for compilation purposes.

¢. Fiducial Marks. The request for contact prints of the photographs
required for compilation should emphasize the point that all fiducial
marks must show on all prints. These marks in oblique photography are
often obscured because they appear against dark sky or portions of the
aireraft. They can easily be made to show on the print by insertiung a
small piece of paper of the proper density under their location on the
negative while printing. It is essential that all marks be readily
apparent on all prints.

d. Negatives. (1) One or two negative exposed in sach magazine
amployad should also be requested along with the prints. As there are
usually several waste exposures made at each end of a roll of ﬁ.lm to
test camera operation or to finish out a small remaining portion of a
roll, these negatives should easily be obtained without harm to the
file of negative comprising a project. These negatives should be
properly identified as to the serial number of the magazine in which
they were exposed so they may be used for measurements to determine
print shrinkage and hence focal length adjustments.

(2) Appreciable shrinkage (or expansion) may take place in prints
prepared on photographic papers. For the most part, this shrinkage

will be uniform in both directions on a print and may be compensated
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for by adjusting the foecal length. By measuring identieal distances
on film and prints such as between fiducial marks or edges of the
focal plans frame, a ratio expressing shrinkage may be found. The
focal length of the camera should be adjusted by the same ratio to
secure the focal length of the prints. The negatives should be
measured as early as possible following development so that pro-
longed aging will not affect their size.

1l. Determination of Camera Seitings. a. Angles Reguired.
Illustrated in Fig. la are the vertical and one of the oblique
positive prints of the Tri-Metrogon assembly. These show the
relationships that is necessary to determine for the two cameras.
Since it is assumed that 2ll cameras of the Tri-Metrogon assembly
expose their negatives from the same point, Fig. la represents
both cameras having the same perspective point at O. The focal
lengths, f and fR, and the location of the prineipal points, P and
ER are known for the cameras involved. It is necessary to determine
the angle F2¥ between the principal axes of the two cameras and the
angle Sk between the direetion of the oblique principal axis when
projected into the plane of the vertical exposure and the line be-
tween fiducial marks on the vertieal exposure. This angle Sk,han
no significance in itself but serves to determine the angle between
the directions of the two oblique cameras. The difference in the
value of &, for the right oblique and 5, for the left oblique is the
angle between the directions of pointing of the two oblique prinecipal
axes when prgjected into the plane of the vertical exposure.

be. Line of Intersection. To determine the angle it is first
necessary to locate the intersection of the plane through the two

principal axes with the planes of the two photographs since that is
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the plane in which the angle must be measured. This is best located
by finding the intersection betwsen the planes of the two photographs,
the 1line AB in the illustration. Then the perpendiculers from P and
PR to the line AB will be the lines of intersection of the planes of
the photographs with the plane containing the two prineipal axes.
These perpendiculars will intersect the line AB in IF.' Then the tangent
. of the a._ngl.e ﬁ; is determined hy the rohtion_f;ﬁ_and the tangent of
” P I A’ R*

IBR by__PfEHB_ + It is seen then thtﬁ~@ﬁ*ﬂg and is the angle sought.
Also, the loeation of the point J;R on the two photogtaphs locates the
lines PI_ and P,T and pormits measurement of the angles 5 and &
thus determining all of the relations which defind the relative settings
of the two camerase.

ce lgthode. The position of the line of intersection AB of the two
photdg&phs planes is most readily established by = trial and orror.
methods Near the mid-point of the overlap of the vertical and oblique
exposures and as near the edge of the exposures as possible, some
definite photographic imsge is selected. Thia'ingo on both exposures
then represents the intersection of the planes of both photographs
with the ray from O to that feature on the ground, Such a poin't is
represented by A, PA and P A' are measured on the two photographs.
Then the anglesoC and oc “are found from the relations tan o¢ = P4/,
and tan o<’ = Prh « Then the values of o ‘and oc”are used in the

S SRR

relation cosx = Fosoxx” o

If the values of of and o “satisfy this equality, then A is a
point on the line of intersection of the two photograph planes. If
the equality is not satisfied, e new position for A is sclected and
the operetion repeated until equality is found. Two or three trizls

should be sufficient for this operation. A point B is then similarly
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found on the line of intersection at the other end and the two points
are connected by a straight line. A check is afforded then by this
line drawn on both the vertical and oblique photographs as it should
pass through identieal image points on both. Next a perpendicular is
drawn from P and PR to the line AB as located on thnl two photographs.
This locates the point IR and thus the an_glu K,,JR and e[;_ may be
found. In the same way the line of intersection of the vertieal
photograph with the other oblique is found as shown in the line CD
and the perpendicular from P located IL and the angle Qﬂ_ is deter-
mined for that oblique.

d. Horizontal Angle Between Obliques. In Fig. Z_I.b is shown a
diagram of the vertical photograph with the two lines AB amnd CD,

Whon the two angles &  and J; are combined as shown in the illue-
tration, the angle ¥ is obtained which is the angle between the
directions of the two oblique principal axes as projected into the
vertical exposure. Ag the plane of the vertical exposure must be
assumed horizontal, the angle p then represents the horizontal
angle between the directions that the two oblique cameras are
pointing. The vertical camera will normally be held in a vertical
direction within two or three degrees so the e.ngloa/ will be sub-
stantially without error when considered as the horizontal angle.

e. Determinations Required. The frequency with which the deter-
mination of the relative sbttings of the three cameras should be made
will depend upon the type of installation used and the reliability
of the mounts for holding constant relations. Experience after
making a number of determinations for various types of installations

will indicate what the frequency should be. At the start, deter-
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minations should at lsast be made at the beginning and end of every
roll of film and at other points indiested by the record of photo-
graphy where pogsible changes may have occurred.
V. THEORY

12.  The Obligque Photograph. In Fig. 2a an oblique photograph
is represented in the plane BCDE. The point O represents the per-
spective center or the point at which the exposure was made. The
point P is the principal point on the photograph and f is tha
prineipal distance {(focal length of the camera). The vertical line
ON is the plumb line and it intersects the plane of the photograph
in the point N, the plumb point. The plane ONP is the principal
plane passing through the prineipal point and intersecting the plane
of the photograph in the line NPH. A horizontal plane through O
intersects the plane of the photograph in the line HX, the true
horizonlline. The line Oh& is a ray to some point on the ground and
intersecﬁs the piang of the photograph at the image point &. The
positicn,af & on the photograph is defined by the distance PA and
the anglé;s.from the principal plane. A& vertical plane OXN ?assing
througﬁ‘ih@ point d end the point on the ground<contains ﬁhq-image
point A and intersects the plane of the photograph in the line NiX.
The angiéﬁﬁ betweén thé principal plane aund the vertical plame through
0 and A ié the horizonfal angle subtended at the plumb point,ﬁy the
principal plene and the point on the ground. The angle @ is slso the
angle baﬁween the lines OH and OX.

13. gggigggﬁgi_gigggﬁgggg. Shown with Fig. 2a is the relation for
the angle ﬂ. It is seen that ¢ is only dependent ppon that tilt of the
photograph, @, the location of the image point with reference to the

principal plane, and the foeal length of the camera. When these factors
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are known, it is possible to determine the value of the horizontal
angle at the plumb point between the principal plane and the direction
to any desired peint.

14. Dotermining Horizontsl Diractions. a. General. Thers are

various.méans available to determine horizontal angles from‘cblique
photographs. Rggardless of method, all are dependsnt on.the basic
relation shown in the equation accompenying Fig. 2. All mé@hads
require that the tilt, poesition of the priﬁcipal prlane, and the
focal lenéth be kﬁawn.

ba_Méthoda,vTha'mdst fundemental method of determining~hofir
zontal angles‘is‘by‘measuremﬂnthof the quantities PA and Szdipegtly
oﬁ the phgtagraph'and computation of the horizontal angles from the
relatieﬁ?shewn. lAimest as fundamental is a graphical solution that
reqﬁirﬁéfaé -equipme££ other than that usually available iﬁéa‘
: draftinggfabm. _Aﬁ*instrumental solution is the most dirsct;"various
instrumant§ have been uéed for this purpose. -_

'c.*Graghical'Mé%hod. Horizontal direcitions are readily eﬁtained
by & graphical solﬁtion since it is seen from Fig; 2a that & line from
N through & interse@ﬁs the horizon line in the same poeint X:as the
horizontal direction line from O. By rotating the horizaﬁtél plane
around HE so as ﬁé bring O into the plane of the phetegraph;“ﬁhg con~
struetion takes the form as showm in Fige. 2b., Ths eonstruatio# lines
mey then be laid out on tracing paper with the distances OH, PH, andv'
PN computed from the gimple relations shown. By placing the tracing
papser qyer‘%he photograph, radial lines from N may then be drawn
through désired image points to establisgh intersectiens with the

horizon line HX. Radial lines from O to these intersections then give
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the desired horizental dirgetions. Although there are other graphical
methods posgible, it is belisved that the method illusitrated is desirable
ag it pérmita easy compubation of the distances required and permits a
- convenient arrangément for reducing drafting errors.

de Angulatgra"The angulator solves the problem of horizontal
directions much in the same manmer as the graphieal solutioa deseribed
above. By»placing mechanical arms to represent the linas drawn in the
graphical method end by providing certain mechanical linkégas, the time
required for obtaining the dirsections is considerably lesééﬁed. Instead
of using tha true~hbrizon.liﬁe in the solution, the angulator is based
upos a lina above and parallel to the true horizon. Such a line is
illustratod in Fig. 2b as H'X'. It is seed from tho illustration that
- such a liné may be used if the center of horizoutal dirgefions is shifted
from Olﬁéfé'. Shqwa with Fig. 2b is the additienal relatibhéhip reguired

10 det@rmine‘tha»diatanee 0'H' and hence to locate the positibn of Of.

It is aean that OFH"ls dependent only on the tilt, @, and tme distance

1 NH'. By eonstructlon, the distance NH' as TGPPQSuntad onr tha angulator

is constani and so 0‘ is then only dependsnt on the tilte .. Tha general
layout,of tha angulatpr‘is shown in Fige 3. It_13>notedﬂ1g‘glgw 3 that

the armﬁégéresenéiﬁg the line 0'X' has boen moved to righﬁﬁéﬁd‘downward

to seeﬂ§§ 6ré£ting>s§éae. It is then connected ﬁé the arm ?aprésenting

Nx* a§ tﬁét‘the pfd?ehﬂrelationships are maintained. Scéi§é are provided
for loc@ﬁing the priﬁcipal point of the photograph on the aﬁgulator and

for adjﬁsfing the distanca C'H' to the proper ambunt. It isvstill necessary
to know the focal length of the photograph, its tilt,.and the loeation of

the principal line:to-properly set the pliotograph on the angulator.

15. Effect of Brrors. a. Maximum Directioms Errorge Also shown with
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Fig. 2 is the differential equation which permits the determination of
the effect of efrors in the tilt, €, the position of the prineipal
plans as established by the angle 5, and the foeal length £, on the
horizontal angles extracted from the oblique photograph. It will be
noted that the effects of errors in these factors on the horizontal
angle are greatest when the horizontal angle is greatest. This occurs
for image points in the lower corners of the photograph., In the case
.rof the oblique photographs from the Tri-letrogon assembly, this maximum
horizontal angle measured from the principal plane is approximately 56°
40'., For poimts in this position, the errors df in the horizontal angle
.due to errorg in the tilt, ds in the swing of the principal plane, and DF
in thé focal length are as followss
| d ¢ = 1.08 ge
df= .11 ds
d ¢ =18.15 af

Where df, d€, and ds are in minutes and -
4f is in millimeters.

be thmal Direction Errors. In the Tri-Mbirogon assembly, the normal case

~ does not require-usingrthe obligque photographs te such wide angles. Due
to the 6verlap of thevébliqueé with the verticals and the overlap in the
line of fligh%, it #s not generally necessary to use image pqiﬁﬁs on the
oblique phcﬁographs closer than 14 inches to the bottom edge aﬁd 1l ineh
to tﬁe sidé.v A& point at this lécatioﬁ has a horizontal angle of approxi-
mately 43°% 25' and the errors in this angle due to the errers in tilt,
swing, and foeal length are as follows:
| o i = .76 d@
df = .19 ds
df = 15.88 daf

Where df, d®, and ds are in minutes and
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df is in millimeters.

- e. Effect of Tilt Errorg} If is seen from the above sxamples that
the tilt used for the obliqué rhotographs is the most critical factor
ag effeecting the accuraéy»of the horizontal angles. It will be shown
later that this is further so since the tilt is more indeterminate in
fﬁeiméthods employing Tri=Metrogon phorography thaﬁ the swing and focal
length. |

“é,'lené>Disﬁdrtion3 Distortion presénﬁlin the”Méfrogon lenses will
also affect the accuracy of the horizentel angles obtained from the
oblique photographs. This type of lens has appreciable distortion
which c¢auses some errors to enter into the assumption that ﬁhe‘photo-
graph ié e true perspective. This distortion will cause an error of
some three or four minutes to occur in the horizontal angles obtained
between points at extreme, opposite cormers of the oblique ph&tograph
and will cause an error of two or three minutes in the horizontal angle
obtaineﬁ between a point in an extreme corner and a point approximately
two inches in from that cormer. Although it is possible to calibrate
the lenses used and applj corrections for this distortion, it is not
practically advisable for the relatively small errors introduced;

e. Paper Distortiom. Distortion due ic uneven shrinkage or ex~

pansion ofrpaper on %hich the photog raphs are printed will alsqicause
errors tO‘dccur in the horizontal angles. It is difficuli 4o evaluate
such possible erroré,but with improper processing of prints,_ﬁhis‘error
can becoms guite large., If there is a largo, uniform change in {the size
of the prinﬁéuafter processing, it will have the effect of changing the
prineipal distence (foecal length)'of the print. This will have the same
effect on the horizontal angles as srrors in focal length and can be vome

pensated for by adjusting the focal length éccording to the shrinkege or
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expansion that occurs.

16, Obligue Sketchmaster. a. Principle. Illustrated in Fig. 5 is
the principle of the oblique sketchmaster used in compiling the date
from the oblique photographs. The photograph and the two mirrors are
held rigidly together as a unit in the device. The unit may be raised
or lowered as a whole so as to vary its distance from a horizontal plane
on which the device rests during compilation. This provides for changing
the scale of the rectification. Also, the unit may be tilted as a whole
so a8 to shange the tilt of the photograph with respect to the plane on
which the device rests. This permits compensation for small variations
in tilt from 30°. The device may also be tilted in a direction normal
to the plane of the paper of Fig. 5 by adjusting the supporting screws
go as to permit compensation for small errors in that direction. Al-
though the device is designed for the purpose of compiling at one half
the scale of the equivalent vertical photograph, it may be used for
larger scales by using a block to raise the front supporting leg. It
cannot be used for plotting at much less than one half the equivalent
vertical scale.

b. Application. Although the principle of the oblique sketchmaster
is theoretically sound for the conditions around which it is designed,
the device is essentially an aid to sketchmaking., It is impractical to
place and hold the eye while viewing exactly at the point O and hence
the correct perspective is not recovered. Likewise, for tilts varying
from 30° and foeal lemgths from 6", the true conditions are not obtained.
However, the device does mresent a reasonable rectification and, when
controlled and adjusted by a minor control plot, enables the detail to

be compiled in its reasonably correct shape and position.



¢e Limitations. The oblique sketchmaster as designed and built
for work with Tri-Metrogon photography cannot be used with other oblique
photography where focal lengths and tilts are materially different from
those of the Tri-Metrogon oblique.

17. Vertical Sketchmaster. A vertical sketchmaster is used to compile
the detail from the vertical photographs to a minor control plot. This
device is similar in principle to the eblique sketchmaster in so far as
the photograph and drawing paper are viewed by means of a semitransparent
mirror so as to superimpose the photograph on the paper for guiding the
sketching. As vertical photographs are used in it, the plane of the photo=-
graph is set approximately parallel to the plane of the paper. Provisions
are made for tilting the photograph with respect to the plane of the drawing
paper to compensate for small tilts. Provision is also made for varying
the height of the device so that scale changes may be effected. Provision
is also made for inserting lenses in.the line of sight to the drawing
paper to accomodate for the difference in viewing distance between paper
and photograph.

Vi. CONTROL

18. General. It is difficult to state the contr;:!l requirements for
mapping with Tri-Metrogon photography. Much depends upon the accuracy
desired in the map the time available. As in other types of mapping
methods, the resulting accuracy of map depends upon the amount and quality
of the control used in its compilation. A map of some sort may be pro-
‘duced with no contrel. Such a map will be more in the nature of a sketch,
will show correct relative shapes of features, will show no absoluts posi-
tions, and will show distances to an accuracy dependent upon the knowledge
of the flight height of the photography and upon the care with which the

map is assembled. It is probable that most work performed with Tri-Metrogon
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photography will be of this type as the tactical employment envisaged
will not permit control data to be obtained.

19 Density. Where the situation demands that accurate tactical
maps be prepared from Tri-Metrogon photography, it is essential that
ground control be available. The use of Tri-Metrogon photography in
mapping employs methods quite similar to the slotted template, radial
line method of compiling verticals. Accordingly, about the same density
of control will be required to secure equivalent accuracy. As the Tri-
Motrogon method does not have so rigid a tie between flights, it probably
requires some control in addition to that required for mapping from
verticals alone., It is particularly desirable that control be located
g0 as to be on or near the vertical exposures of the assembly at an in-
terval deemed necessary to secure the desired accuracy.

20. Rgdial line mapping. The control requirements and methods of
radiel line mepping are identical for the Tri-lMetrogon method and plani-
metry from vertical photographs alone.

VII. PLOTTING PROCEDURE

21. General. The procedure for mapping from the Tri-Metrogon photo-
graphy is approximately the same in the preparation of maps of all types
and accuracies. Some slight variations do occur due to differences in
accuracy desired or equipment and material available. It is attempted
in the following paragraphs to point out the various procedures that
may be used and when they would be desirable.

22, Indexing. It is desirable that the most complete indexing
possible be performed for the photographs to be used for the mapping
work. If the indexes received with the photographs are not satis-
faectory, the first plotting operatium should be their improvement.

The index system should include the control information and other



dats concerning the arez .to be mappe&;‘ Propsr coordinztion of the later
-plotting operations will require that complete indexes be prepared to
serve as basss for progress diagrams of the various operations.

- 23, Tilk Doterminmtious. a. Use of Camera Settinmgs. (1) Prior to
any work of obteining map data from the oblique photographs of the Tri~
Metrogon uzssenbly, it is necessary to determine the tilt and location
of the prineipal plune for these photographs. The method of‘&@£3rmining
the tilt will @iffer for the various camere ingtallationg in uﬁe; The -
object of the determinztion is to obtain the tilt of o particular
oblique camera when the plane isg in its normal,AleVSl,flight.pasition.
This velue for the tilt may then be used for all photographs takeﬁ,with
the camera»eeﬁcerned ag long as that camera maintains its seﬁtﬁhg-wiﬁh
respecét 4o thé plane. This permits the smallest errors to be introduced
into the Valuejef the tilt used as the plane varies greund itgvaérm&l
positione ‘WEﬁh excellent flying, it can be ex@eated_ﬁhﬂt the'ﬁﬁﬁe_tilt-
willjdiffarvby'és muéﬁlag one degree from a tilt value determined in
this mannefgl ﬁbre uSuai'flying will introduce dif?efenees up'te‘two or
three degréé;.; hs showm in paragraph 15b, thase dlfferences will lead
to errors in horlzontal angles of three~fourths ﬁhis ameunt. It is
possibls: to make 1nd1v1dual tilt determinations far each exp@sure se as
to seeure aﬂ accuraey that would probably. come wiﬁhln bon mlnuueag but
this ds gemerally net warranted exeept where the m@st aceur&%@ technical
HRpS are;des;xedo ‘ |

{2} Thé éomputétionfof~angles between cameras im the m@uﬁﬁéﬂas eX~
plained in paragraph 11 ‘will indicate for how meny éxposures a tilt
value may bé;usedq If.ﬁhe’computations show‘thaﬁ'thevcamerasialwafs
maintain the same relative positions, it is a fair adeumption that they

maintain the same setiing with respect to the aireraft. In this casse,



a constant tilt value can always be uged for each camera involved. The
method of determining that tilt value will vary with the installaﬁiom
used. For instance, thers are some installations where the cameras arsc
individuslly get in their respective mounts for sach mission by means of
& level bubbla and_grntrac%or, the oblique camsras being set to an angle
60° from ths verticalg' 1f this installation is used,_ths rationdl method
of tilt determination will bs to average the thres ssttings.,.First'aséume
that the vertieal comera was set truly vertical. Sscond, assums that one
oblique camora was truly set to 60°, and, from the angle-determined‘bew
tween that oblique and the vertical, determine the direction and amount
the vertical camers would be out from the desired vertical setting. Third,
ossume that the other oblique correctly set and determine the error in the
vertical camera on this assumptionﬁ The average of the throe pbsitions
for the vertical camera should be used for its setiing and usad 'to compute
back to the tilts of the two obliques.

{3) A é§é§iete ;ﬁdefstaﬂding of the method of installation of the
Tri=Metrogon éssemblﬁfié essential in determining the tilt vaiaeé to be
useda. 'Persdnﬁi obsefvatian of the installation should.be madé wherever
possible. Iﬁiahauld be borne in mind that the tilt value desirédgis the
actual tilﬁ dfuthe obliqﬁe camera measured from the true horizcﬁt;l when
the aircmfff is in its 'vmmaiv, level flight position. This will bo the
average t11% value of the camera and hence will introducs the'minimum

of errors.

be Use éf{ﬁo;iéggw (l)lThe position of the horizon on ths oblique
photographs may.ba of”scm@ value in tilt determinations. If thé‘actual
ground or water horizon {apparent horizon) is visible, ths tilt my be
found to within = fow minutes of mccuracy. The dip of the apparent

horizon below the true horizon may be found from the expression
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Dip {in seconds) = 59 Vi
' where:ﬂ‘is the flight height of the plane in feoet above the lavel of -
the ground or water forming the horizqn. The barometriec éltitudeiof
- the pléne is;aecuraﬁ@'enough for this determimation. The dip =mdded
to the angle of %he apparent horizon from~thé p?inéipal point of the
photograph givea'the tilﬁ below the horizon. Care must be exeréised
~so as not to salect a cl@ud horizon as the ground hormzon,or to select
the top of =& hlgﬂ ranme of mountains in the bachground as. the. O"1‘-0111.1@1
norizons Bub where care is exercised, the horizon line can be of
value,'.wﬁls may be partlcularly true where the greatest posslblev
ageuracy 1s demanded from thn oblique photographye.

(2).Tﬂegposi ion OL any horizon, ground,. cloud, or water,rér the
top of @ mountain.range at a great distance may also be pf’valuevin ,

d@termlnlng vavla tiong of tilt. DMeasurements to ident:eal featurea'

nuaf,theth'°zon llna on a geries of expoeures of a fllvht may be

averaved‘tb _tabllsh the normal position of the canmra. The varlatlons
from that normgl pOS1tlon may bz used to compute th5 changes in tilt,

and, if the tilt in the normal position is known from other seurces,

the 1nd1v1dual't11t5_may thus be closoly determlﬂed"?:

cifLoca 9 Prln oal Plane. {1} The hor1zo& 1; vevappearlm

" Hhe oblique rmally definite enough to esbabllsﬂ the

_tagraéhs i

a p@Sition of;%ké;prinéi al'plans. Although it may be a cloud‘har zan,

Sit willlbeﬁ ”parallel to the true horlzon., The oo

of the‘nriﬁc ‘ hould be establlshed througn the prlnc

- point and neruhl to t“ apparent horizon. Tnls w1ll probably

L duder no. error greatel tnan 36 mlnutes, -and usually lass than 10 .
minutes, 1n‘ﬁhe¢¥aluevqf uhe swlng;anglao it TR shown in. paxa raph

© 15 that ﬁh@-grrﬁrs'in-horizontal angles areiapproximatelyﬁtwmit@nths
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of this error in swing.

(2) It is convenient to prepare a template on film base or trans-
parent tracing paper to aid in marking the position of the prineipal
plane. Two psrpendicular lines arranged on the template so that bné
may be placed approximastely over and parallel to the apparent horizon
with the other passing over the prinecipal point will serve ithis pur-
pose. larks made at the edges of the photographs by pricking through
or ruling aléng the line passing over the principal peint will indicate
the line of intersection of the principal plane and the plane of the
photograph.

(3) When the angulator is to0 be used to prepare horizontal direction
sheets, it is preferable to mark a line perpendieular to the prineipal
line and through the prlncipal poznt of the oblique rather than marking
the principal line itself, This may readily be accomplished by adding
such a line to the template described above. It is only necessary to
mark the ends of this 1ine mlong the margins of the photograph. This
line is then used in settlng the photograph on the plottlng board of
the angulator. ‘

24, Photo re hs‘ta»bexﬂéed. a. Normal Photographx hs a ra&iﬁl
line plet of the verticgl photographs is made in the minor contrel
plot, it is necessary to use all of the verticals for this purposeg
The actual eémpilatioﬁ,éf detail will normally require only alﬁernate
vertical ph@tographa, however. Since the obligue exposures ovéflap
each other 607 along. ths near edge in the direction of flight and
about 80% along = line through the principal points, it is normally
only necessary to use alternate oblique exposures. Where control

points or other points of interest to be located in the minor control



plot fall in the foreground of the obliques, it may be necessary to use
successive exposures so as to cover those points. It is essential that
all points to be located in the minor comtrol plet appear on at lsast
two exposures. Where tactical maps of maximum accuracy are to be pre-
pared, all exposures will be required, The prints necessary %o use
should be segregated from the remsining ones to eliminate excess handling.
b. Excesgive Overlap. With some types of installations excessive -
overlap may be secured along the flights and it may be necessary to dis-
card additionﬁl,phatagraphs. The vertical photographs to bes used should
be selected so that they overlap as closely as possible to the 60% desired.
The obliques should be selected that accompany those verticals. These
verticals and obliques may then be considered as the ones obtained had
the photography been performed to the desired overlap. These may then
be treated as‘in the preceding paragraph and those not selected may be
placed aside. .All fufﬁre references to alternate exposures wiliZMean
the alternataiones\of those selected.

: vA25f3Mhrkin _Principsl Points. The principal points of all photo-
graphs requifed to be used ghould be located and marked as one‘éf the}
first steps. This may Ee done by connecting opposite fidueial“mﬁrks
with straightjlines or Ey.use of a template. Such a template~c&n,bé
prepared on heavy film base so that perpendicular lines on it’méy be
registered over the fidueciml merks and a needle insefted through the
intersection. of the lines to mark the position en the photograph. It
will be found convenient to indicate all principal points by & ecircle
inked with a drop compass and centered at the point, -The location of
the principal points of the vertical photographs is next transferred
forwards and backwards where they fall on overlapping,expesﬁres :

similarly marked. Transferring should be done while viewing the areas



stersoscopically and may be aided by a point selsetor. 4 circle inked
~on & piece of clear film base to the same size as that inked around the
‘principal points can also serve as & means of tranaferring prineipal
points under the stereoscope.

260 fnor CO € L

:s. e Vorticals. Minor control poiunts are
-gelected and marked on‘the vertical photographs in the same manuner as
for the usual iadial line method. Nine pointg per photograph are
normally suffiecient, the principal points previously marked and trans-
férred sorving for three of thess points. In addition, all ccﬁﬁrol
points and points for which a position is desired in the minor comtrol
plot should be identified and marked. The points sclected at the sides
of the photographs should be selected as far out from'ihe'centers as
poesible so as to secﬁre-maximum.strength in the plots - The gide points

should also be selected se as to lie on the oblidue photographs and so

. as to be identifiable there. They should be marked on the proper

obliques a2t the same time they are selected snd marked on the verticals.
Where erab is excessive in the photography, difficulty'will be an-
countered in selecting the points along the sides of ths vertieal photo~
graphg seo tmat they will_iie on all of tﬁe obliques thkat they normally
would. Where this condi%ion ogcurs, it is not necessary to seléet any
sdditional poinﬁs‘sinc@ each oblique is used with the one opposite and
the two will always coniain at least four of the poiunts from:th@_QerticaISo
bs leigﬁgga (1) Minor control points are selected and mﬁrkéd on the
obliquaes %o serve in tying the successive obliques and'thevflightsyfo-
goethori There 2 strip of obliques is on the edge of an area o be come
piled, the points should be selected along a line approximmtely through
the principa} pointg. :Hsing only alternafevexposures, this will permit

a gpacing of points so that three will oceur on each obligue. By



Vselecting a.pqint nsar each principsal pqint, this conditiog will be met.
It is essential at least three points appear on sach oblique and that
-each point appear on at least three obliques exsept for obliques =t the
ends of flights. . These points are conveniently circled with a distinctive
colored ini?and.assigned,nuMbers.; Beginning at one end of a flight they
can be numbered sﬂscessiveiy up tbftwentybfive or fifty and then the
_nugbens_repeated. Thig will,aia identifieation of corresponding rays
.neéded to‘establiah,tha_inﬁerspction for the point in later phasese
(Z)Vﬁétwaen parallel fligh; lines, minor‘control,points‘are

salectsd appfoximate1yxin the middle so as to appear about the same
distance oub on both sets of obligues. The poihts selected must be
_ identifiablg.pﬁ both sets of obliques and must be spaged.at an interval
g0 that.at 1eégﬁ,thxee_will fall on every one of the alternata ébliques
‘used. Likeﬁisg,ueveryvalférnate,obliqqa must have thres pointa}aach

of which appears on two oiher obliques of the sams flight. This con-
. ditiom Will be met by selecting a point about a line midway between
flights and about in the center of each of the alternate obiiques of
each flight. Where oblique exposures are 1qeated.ab0ut:ogpasiﬁe each

- other, onsﬂpbimm‘will;usually'suffiqe,fqr both. The péinﬁs shquid be
vinkedxandJnéébered in thé‘same manner as described in the prgéeding
_ paragraphg “
(3) In &éditiqn £é the points selected as described abovg;ﬂéll con-
- trol poiptéféppearing_an the obliques should be lécéted anaall,§bliques
on‘whiqhvthéy'appear,‘marked, and given,an.identifyingvéohtroi,desig—
nation. Totbe:of valﬁe;:the control points mgst appear_o@ at l@&st
«twp~obliques;:.@qgasioﬁg,may‘aris@zwhere.it:isfneggésary‘tovu§g an
.obliqu@,addiﬁional.to,fha alternate ones to securs this coﬁdi£i§n.

Qther.points desired to be located in the minor1c0ntrol.plgt,may also



bs marked on the obliques and properly identified, All points dose
cribed above for both verticals. and obliques will be referred to
hereafter as "minor control points™ to differentiate them from the
points described in the following paragraphe

(4) Additional points are selected on the obliques 1o control .
the compilation much in the same menner that a groat number are so-
leoted for & detailed compilation by radial lins methods from |
vertical photographs. vThe density to which they are selectsd and
marked will depend upon the detail to be compiled and the scale
_e£ the final #ﬂp. Ag o rough guide, they should ha'selecﬁed‘sq é&
o be spaced{at about}twd inches intervals on the scale of the com-
pilation. The points must appear on at lsast two obliques in'ardef
%0 egtablish their position by intersection. Many will appear on
three or mo#gg It should be sufficient to mark’them on thres
obliques. »Tﬁéée pcinﬁs'Shéﬁld be inked with etill ahotheradiéﬁing.
tive color ag§:assignsd“nuﬁbers to facilitate later idéntific§£ion.
Points of_this type afé ot ineluded in the_originalﬁminor contrel plot
and will bei§§ferred %0 %Qreafter as "compilation points" to,diﬁﬁafﬂ
entiate fréﬁiﬁhe poiﬁi?;éf ihe preceding paraaraghg,__ g

Co Id@nﬁificatiééq'(l) It is essential that all polnts he seleeted,

,markedg’gﬂd £:énsferPed vlﬁﬂ the aid of stereoscopic V1ewing both w1th
the vertiéaiﬁénd oblique 8XpPOSUres . Great care must be exérczSBﬁ in
selecting and marklng p01cﬁb oa the cbliques for the appearamaa ef
features chamged greatlv from the firet te the lsst ex00sura on whlch
%hsyvappeara; otereosﬁople viewing will greatly aid in evaluatlng the
differences iw v1er9014t 80 thﬂt identieal points will ba marked.
.StQTGOEGOpie view1ng is difflcult on obliques but can be used to ad;

vantage. There crab is great, stereoscopic viewing in the forsground
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of the‘obliqués way prove impossible.

- {2) 3% is extremely difficult to locate identical points from
two obliques taken in dirsctlons opposing each other. - Great care
must be exéréised in this case. Viewing psirs from each flight
stercoseopically will 2id in eliminating errorg.

27. Intensifying Doteil, The mothods used to compile detail .

from both thé vertical and oblique photographs of the Tri-Metrogon
assembly require that the detail to be plotted be intenéifié& on the
photographss The devices used in the plotting result in a lack of
contrast in the photographs as viewed and detail is in&iScerniblé.'*
as the dotail must be intensified, it is a convanient:opgratioﬁ"
along with Which to select and coordinate the featbures to be pletted
vshguld Ys traced over with colored pencils or inks s¢ as ﬁe_oﬁtaiﬂ
a dafk»&nd readily apparsnt line. A color legend should be established
for_the‘variqus features and clasgification symbols set up. ﬁith gropef
ccordinatian:and execution of this eperatieﬂ, thevmap will pasé é@aothly
through the following‘operations with o minimum of éﬁeaking éﬁd'editingo

28. R;dialﬁf:né.Plota'ao»Gsne:al, Sometime following the selsction

“of the1minor»gontrol péiﬁts on ﬁhe‘vertieal photographs and prior to
assembling téé cbliqué.tamplaﬁes for the minor conﬁrbl plot, it is»n
necessary %6 §ake a r#diéi}linévplot o£_eachvstrip of’verticalfphéﬁé-
graphse ‘Thiéfis necassary.fof two reasons. Firsi,‘itvfurnishéd date
. for ths approximate lqcétibn of the oblique minor eoﬁtrbl,points se
that the slots may be¢pr@§er1y placed and second, iﬁ.furnishgdbthe?
data for comnééting fhé plumb pdinxs‘of'thevobliqueviemplates‘iﬂ the
minor eontrol ?l@t. | | H

be Scale of Plet.IThs«radial,line.plot is normally neot made to

comtrol Bub ia made indepandently to an approximate scale basad on the
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flight height. Knowing the approximate flight height and the seale to
which the minor control plot is to bs made, the proper distance betweesn
principal pqints in the radia} line plot may bs determined s0 as to
“obtain approximately the desired scale. As the secale of the map pre-
pared by the e methods will geﬂerally bs less than half the seale of
vertiecal photagraphsg the radial plot and minor gontrol plgt shaﬁld

be gt half the seale of'the vertical photographs. This reduces ﬁhe
size of the wark where extensive areas are to be eovered. This is

also the smallest scale to which the plotting may be accomplished as
‘the range of the oblique sketchmaster is limited to this reduction.

The seale of the radialf;ine_plot should be at thes scale of the vertical
photographs_ﬁhen a map at this or'slightly smaller scale is to be pre-
pared. ,Use*oé'Tfi-Metrogon photography for mapping at scales larger
thgn-thé verﬁical photegraphs is not feasible,

Te Méthqu, The radial line plot of the vertiecals ig axedu%ed 0
the desifed;.a§proximate scale by éhe usual methods. It may be either
a graphical method or = slotted template method employing either
slotted cards or slotted arms. If slotted cards are used for the
oblique templaﬁes in the minor control plot, then it will be advan~
tageaus: %o use slotted cards for the radial plot ofbthe vertieals.

If slotted arms are uééd‘for the oblique templates, than a graphical
method for the radial plot will probably be best. The slotted arms

| - for the radlal plot of the verticals will achleve‘th@ d981red results
but probably require more time %o use than the conventional graphical
method. In‘aﬁy event, the radial plot should be made on a strip of
traeing papér'or acataﬁé sheeting sufficiently long, apd the positions

of the minor control points marked thereon and clearly identifisd.



29, Dirsctions from Obligues. a. General. Following the selection
of minor control pciﬁts on the oblique photographs and prior to assembl-
ing the minor centrol plot, it is necessary to detsrmine from the obliques
the horizontal directions to the points selected. These are horizontal

“directions from the plumb pointe of the exposures aa discussed in para-
graph 13 and 14, Directions tc the points of both obliques of a set are
detsrmined aﬁd shown on the same piece of tracing éaper. Both obliques
of eourse have the same plumb point so the horizontal dire@tioﬁs for both
gides radiate from the same point. Further, since the horizontal angle
hag been determined between the dirsetion of pointing eof the tW@'ebliques
camera axe§ in the computation of the camere settings, this fixgs the
relative pssitibn of the two groups of directions found from both sides
of the set of qbliqueSu - Thus the directions to the poimts on. each side |
of the vertical form a rigid assembly which can be resected on the radial
plot by use of the directions to the points of the redial plot that were
selected to appear on the ohliques.

b. Templates. Tracing paper for the horizontal direetions from the

obliques should be cut and prepared in advance. The papgr‘used may
normally be of any type that is sufficiently transparent, but, mhape
maximum accuracy. is desired, it must be of a good grade.having.favorable
shrinkage gﬁél‘feﬁc’teristics; It should be cut to a length that will be
slightly greater than #£e éﬁacing,between flights at the»scalenéf'ﬁhe
minor eontré}zplot. 'fhe width of the»paper:should_beislightlyigrééiarv
than the wi@ﬁh,coveréd'by fhe obliques at the séaia of the minor»?pntrol
plot at avp§i§t midwéy_ﬁé%ﬁéey}flighta;l On a.pigce of ‘the tfa¢ing,paper,
vor film baééﬂ§f the samérsize, ghould be laid‘outfth§ ang1g between the
horizontalmdi?ecﬁiens of the two»obliqus-eamsraiaxes.: This‘shpuld‘be ‘

construeted with the angle poinmt in the center of the pieeg of paper and
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the lines forming the angle extending in the long direction of the
paper aad about centered in the width of the paper. .The angle point
- represents the point 0 of Fig. 2 which point is the same for both loft
and right obiiques as‘t&ey had the same exposurs sﬁaﬁion- The-lafﬁ
and right directions should be marked on the propsr sides. This angle
ig next uéed zg a template and traced on to all of the pieces of tracing
paper cut. Eoth lines should be traced scross ths full length of the
‘paper'and their intersegtion.clearly«marked, The loft and right ends
should be clearly marked on each paper and the sheets may be numbered
for each gset of phoiographs they are to be used for. An example of 2
sheet preparsﬁ in this manner is‘shown'in Fig. 5. The example also - .
, shoWS‘ﬁhe=additional construction lines needed for the graphicai mathod.
C. Gra hical.Solqiion. When the graphical method of determining
horizenfal dirsctions from the obliques is used, it is neeessary to have
some‘additioﬁal lines and distances placed on the template and traced
inteo %he,tracing‘papef sheetz. The position of the true horizéa is
losated for each side of the set of obliques and measured oub from the
angle point, G Perpeﬁdiéular linss for the ﬁorizons are drawn at the
distance Oﬂgyand OEL as shown in Fig. 5. The distances are determined
as shown in Fig. 2. DBotween the angle point O and th@ horizons, the
two principal pointe are located. Back on each line from the angle
point O, the two plumb éoints are located. -All are clearly identified
and marked and traced oato the tracing paper sheets. To use the
graphieal mathod, an oblique photograph is placed under the proper
side of the trasing paper, the principal point placed under tﬁs in-
dicated mark, and the photograph rotated to bring ths line.narmaltte
the horizon,undef.the:iine OPH. The photograph and papsr éra.sscured

in this position. Then with a ruling edge pivoted at the corresponding



plumb point, lines are drawn through desired image points te intersect
the horizon line. The ruling edge is next pivoted ebout O and the
horigzeontal direetion lines are drawn through the intersections on the
horizon line ae well illustrated in Fig. 2e and 2b. The direction iines
are marked for proper identification. The directions for the oblique of
the opposite side are obtained in the same manner using the other side
of the template diagram. |

d. Use of the Angulator. (1) The angulatér is used mechanically to
gsolve the graphical extractinn of horizontal directions from the oblique
photographs. The end product‘of its use is the same ag that obtained
from the graphical solution. Tﬁe photographs are prepared as deseribed
in paragraph 23¢ (3) and tracing paper is prepared as described in para-
graph 2%. o _ | |

(2) Referring to Fig. 3, it is seen that thers are two settings to
be made on thé angulatprbprior to its use.. The proper position for the
principal poiﬂt af thevphétograph must be determined and the prépéf
setting must-ﬁé made oﬁuthé connector arm.. Ths forméd oparation'aciuaily
detoermines théiaisﬁanCe Kp ﬁhile the latter determines the distance O'H'..

{3) The §h§to scales provided on the angulator are far loeaﬁiﬁg-the
position of the principalvﬁoint and are laid out as determined f?ém the
telatioﬁéﬁip WP = f"e@t B§1'The tilt ecales are computed with f econstant
at 6 inches wﬁile tha focal leﬁéth scales are computed with € constaat
at 30°. Thus it will bo seon that heither of these séales can be used
directly for all combinations of ilt and foeal lengthe -

(4) For tilts within one or two degrees of 30° or for foeal lengths
within approximstely ,04 inech eof six inches, the séales,are used in the
following mannar to loeate the prineipal point. First the diviéion of

the £ilt scalebis noted for the actual tilt of the photograph. Next



the digtance ig noted on the foeal length seales betwson the six-inch
graduation and the sctual focal length of the camsra. If the actual
foecal length is greatsr them aix inches, then the distance noted is
added above the tilt division noted and determinss the distance from
the pivot for the principal peint. When the actual focal length is.
less than six inches, then the distance noted is added below the tilt
divigion noted at firat. When tilts and foeal lengthe farther removed
from 30° and‘aix‘inches are encountered, then the distance NP must be
computed and substituted in the relation for NP using a fogal ;ength
of six iviches and thus find tho correct setting on the tilt seales pro-
vidsad.

(5) When the proper position of the prineipal point is found, it
is oasily indicated by a line ruled on clear film base. The line is
mde to pass over the proper scale divieions and the film base is secursd
to the plotting board with tape. Then with the aligning marks ia cein-
cidenca, the photograph is slipped under the photo arm and placed with
its principal peoint on the eonter line of the arm and with the line
through.the.priﬁoipal point and parallel to the horizon coinciding with
the line set on the propor scale divisions. The photograph is then
gacured to the bosrd in that veosiiion. The connector arm scale is then
adjusted for the actual ﬁilt of the photograph.

(6) The ﬁracing papar templates are placed en the plotting board
utider the ruling arm which is esasily removed for the purpose. The paper
is placed so that the pivot point Q' pisrces the paper at the angle
point laid out on the psper. With the ruls baek in position anrd ﬁhe
aligning merks in eoincidence, the template is then rotated so that the
line represeﬁting the horizontal direction of the optical axis lies along

the ruling edge. The sheat iz secured in this pogition. The line on the



photo arm is then placed successively over the various points on the
photograph and ‘horizontal direction Xnes of the proper length are

ruled slong the ruling’edge.' These are then marked with the proper
identificaﬁions The horizontel directions for the‘eppasite~obliqu§

are ruled in the same manner with the proper photograph in position

for its tilt and foeal length and with the iracing paper rotated through
about 180® and aligned for the opposite side in the same manner as above.

30. Locsting Slot Positi§ns, a. General, The horizontal direction

sheets. ohtained ss in ths preceding parsgraphs are the basis of the
minor contrel plot. BSince the lines on a given sheet represent the
horizqntalxdire&tions from the plumb point of the exposures to the
various points marked, it is possible by resection to locats the -
position and orientaiisﬁ_of the shset if the position éf at least »
three. of the daihts islkmcﬁn. If two‘overlappinw~sheets gan be thus =
oriented, the positlen of additlonal points mey then be determzned by
1ntarsection.’ There are, of course, never sufflcisnt known pobib10n5'

available to pr&ceed 1n uhls manner. It is necessary tO‘conneet al}

of the sheets;mn a.form-cx'radlal line plot %o reach bétWeen avéfiabie

known cOntrolt@' he sheets as prepared contaln all th& data

necessary tcf : slotted template methods except for ﬁv

%hings. There ia'no 1nd1"ation of where' slots should be placed alomg

the. dlrectlon rlnes and there is no “azimuth" coﬂnectlon between suc*'
cessiva plumb peints. The radial line plet of the vertical. photogranhs
mads at tha apmroximate acale of the minor control pl@t furnishes these

two migsing 1temso

Do Resection on Radlal Line Plot. The shests containing the direction

e ol AR .

lines are next resected on the radigl line plet. As the six points at the

gides of sach vertical expogure were selected so as to appear in the ob-



liqueés, there ﬁill be six lines on each sheet to adjust to pass through
six points on the radial line'plot.'lIn cases where crab ig present in
layge amounts in‘%ha'phoﬁpgrath5 four pointe may be all that will sppear
on the obliquéé. This is still ons more than needed to establish the
resection. With the shests resected, it will be'found that the point O
reprogenting the plumb point position probably will not coincide with
the principal peint of the verticel photogreph ss located in the radial ﬂ
line‘pldt. This is becauss the oregence of small tilts in the %srtical
photographs cauSQS‘tha,plumb point to be digplaced from the‘principal
pointe

Cs Marklgg Slot Locatlons. Several horizontal directiion sheets are
regected on the radlal llne plot at one time, this be;nv best dona on a
light %abla.,»l is then een that the inter sectlon of the corrasponding
direction‘liﬁe establxshes the position of the obllquo p01ﬂt' w1th |

referonce td'tha radlal lln“ plob and hence at the approxlmate d631r9d

sgglesg»The_;ff_?

shﬁet'and‘hai "tthe slots should be centereai

mhe 1nter—

"8zimuth" llnesito the‘obllque plunb points pracedlna and follow1ng.':

These lines ﬂ‘vd:nﬁu be drawn if the slotted cards are usad for thv;i-
minor cowtrol plot. : |

“de &lteraate Tem lateﬁ, It is only necessary to resecﬁ tha h@rl-
zental dlrectlon sneets for the alternate sets of exposures asg. it is
necessary to prepare slatted templates only for these 1n ﬁhe ‘minor
contrel plot. Even though to use the Tri-Metrogon photographs for

the maximum accuracy will require the use of direction sheets for all



exposures, it will still only he necessary ito use alternate sets for
. the minor control plot.

31. Slotted Templates. 2. General. After.the horizontal direetion

sheets ere marked as above to show the approximate pesitiong\afifhe
minor comtrol plot. These may be prepared with the canventibnalfcggd—
hoard material_and.a alot cutter or may be prepared from the mechanieal,
slotted template equipment, _ v

‘b. Slotted Cards. To use thevéardboard meterial, it should be pre-
pared in advance and eut to a size corresponding to the size computed
for the tracing paper direction sheets. The tracing paper sheets pre-
pared and marked to show the lecation of the slots are placed over and
segured to £he eé?dboard cut to the proper size. The position of £ha
piumh point is then pricksé through onte the eardboard.v Likewige, a
prick mark is maée throagh each of the direction lines for the mindf
, _eontrol‘pointé‘at,the poéiti@n along the line as marked in the previous
Qperation. Thé!cﬂrdbeafd is-then éamoved,:tga prick marks circléd‘fo;
oasy loegtioﬁ;”the numbef}bf the exposure anﬁ:théjdifeetion.of fiighi’
{or right andflefﬁ sidé%iﬁéfkeﬁ), and the numbers ofiﬁﬁ; minor enné?pl
points Qlacediﬁfgﬁha_respediive prick_marks, The p1qu:§qint is.&heé
punched: out wifh‘the,uénté# punch,pf the slot cutting equipmeﬁt; ;Tﬁe
slots are then cut 80 aé ﬁé”iadiata from the plumb point. Soma;éiffﬁw
culty may be,é#éeuntered‘ﬁsing the small slot cutter dééigned aréénév
a 9" x 9™ verfiéal photograph for this_purpese. By priékiﬁg addiﬁiénal
pasitiqns for pivot points along the direction lines out near the diétant
slots, the slotting can be carried out satisfactoritys Following thg
slotting, the excess cardboard should be trimmed off so that the'te@plate
takeg about‘tﬁe shaps of a rectified obligue. The plumb point pivet hole

should slso be punched out to sbout twice its original diameter.
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-o Mechanical Slotted Templete. (1) If the mechanical slotted

template (slotted arm) squipment is used, the horizontal direction
sheet is secured on & soft, wood drawing board or table. A threaded
stud is pinned over the pluumb poi@tvand'smooﬁh gtuds aré pimned on
the horizontal direction lines at the points indicated from the pre-
- vious operationm. A smooth stud is also pinned on each "azimuth" line
- about half way but to the position of the next plumb point. Slotted
arms are then seleeted ée'thaﬁ with the holes at ome end placed over
the thréaded stud, the smooth studs will be mboul centered in the slots.
& hexagonal washer is placed ou the threaded stud on top of all of the
armg followed byia round washer and hexagonal nute. With the double
“hexagonal wreﬁch'placad to hold beth the hexagonal washer end stud, the
.nut,is tighteﬁed with~a;socket7wreh¢h;p The.double‘ﬁranch;mevents aay
twist resulting from tightening the nﬁt_from_béing transmitted to the
armse |

’(2) Follqwiﬁé comﬁiéfion of the mechanicalvslotte@ tomplate, ib |
is removed aﬁ-?vunit:f#Qthhé,Pi#s and given'its”ideniifying,nuMbef;
Thig is conﬁéhienily done b§ placing the number on a pi@gé of Scptqﬁ
tape aitached to the tﬂmplabe.‘ Numbers are also_adviéabla on thar?  f
individual arms for easy reference in a.later assembly of the mlnbf
control Plot'f,;;Q- e o

d. Elot Wl‘

_nout Tam iates. If ‘the control densluy isg greau eﬂough

to fix ﬁhe rad;wl line plﬁt of the verticel photographs uO scale and
p031t10n, it is not necessary +t0 use slotted templaues for the cbllques.
. The hori;o@tal direqtion sheets may then be resected on the redial plot
so fixed and £he‘intersgctions‘for 8ll of the oblique points marked

directly. This condition ‘is desirable but is probably rares
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32. Minor Control Plot. a. Projection. A projection for the area
to be mapped should bs prepared in advance on a suitable material of
a size large enough to cover the area necessary to be set up in the
minor control plot at one time. Any type of projection which intro-
duces negligible distortion for the area involved may be used.
Normally, the polyconic projection will be found most convenient.

The available control should then be plotted on the projection. Then
the entire projection should be covered with tracing paper or acetate
sheeting an& the projection and control tracea onto this material,
Where the area is large and more than one strip of material is re-
quired to co#er it, it is convenient to have the stripé of sufficient
width and so placed that the compilation of any one gtrip of photo-
graphs need not be placed on two sheets. A sufficient overlap should
be provided between such strips of paper and the projection fnlly
traced on eaeh.so that they may be properly ragistered again after any
movement. |

Tem late A'ssmbly. Oblique templates are asaembled in much that

same manner'as vertljal tamplates in a radial line plot. In uelng the -

slotted»car":ard templates, the vertical templates are assemb_"dff1rst.

The obliq@é ‘mplatés7’re then placed on top with the six slo  'passing

over the propar six atuds at the edges of the vertlcals and conn cted in

the obllque w1th add1t10nal studs, the whole assembly being - held'by studs

pinnsd at theﬂcontrol pomnts. The mechanlcal slotted tamplatea are
assembled in much tha game manner but do not require the vertlcal templates
to be used.quhey raquxre two studs placed in the azmuth arms between the
templatasvéo és to pro%ide a sliding connection. I% should,be;noted that

in using the slotted arms, the radisl line points at the edges of the
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vertical exposures opposite the principel points correspending to the
templates are not represented in the assembly.

co Marking Poinitse. After the templates are asssmbled and inter-
connected between control, pine ars inserted through the holes in‘the.
studs and tapped so as to prick through the paper or acetate shesting
covering the projection layout. The templates are disassembled and the
prick marks Eireled and given their identifying numbers. The exposure
numbers are written by the centers of the templates to properly identify
their; location.

de Compilat;gg Points. The strips containing the minor control

point posifiéns may now be taken up from the projeection layout and
handled separately tc obtain the position of the compilation points.

On a light tsble, the oblique horizontal direction sheets are resected
again on the minor control point positions on the stripe and the posi-
tions of the‘compilation pbints marked from the intersections appearing
for them. .This completes the sheets up to the stage of the detail com
pilation.

33. Coggilation;-ae Verticals. The verticals photographs éré best
compiled fifst. The detail is compiled onto the sheets of trabihg paper
or-acetaté:sheeting:on whiéh the minor control and compilation pbints
are loaated.i Normally, the nine poimts per-vartical‘photograph which
are located from‘theiminor control plot are sufficient to conﬁfel the
compilation of the détaii. Where méximum accuracy is demanded in the
map, the miﬁbf control plot should be at the scale of the veffical
photographs and additional compilation points then be "eut in" by
conventionsl radial line methods. Tri-Metrogon photography should
mors normally.he confined to the preparation of small scale charts

and hence 2 less dense control for compilation of the vertical photo-



graphs is pormissible. The vertical photographs may be adjusted to the
nine polats by use of o reflecﬁihg projector or the vertical sketohs
mester if compiling at a seale materially different from that of the
photograph. The %6fleating projector is more convenient aad faster to
uss but will saldom be available for such uso. Sufficient iusiructions
'aravusuai;y furniﬁhsé with_the vertical sk@tehmaéter t0 explaian its
opsrabion.

- be Obiigues. {1) Ths oblique photographs are compiled following

“the verticala on the saie sheet with the aid of the abliqueféketchmaster.
The oblique photogfaph is placed in this device with the priﬂeiéai point
over tha smll hole provided in the plats baek of the photograph. The
photograph is rafaﬁaé'so its horizon is parallel %o the edge of the
opening in the holding frame. Then with the obli@ua ske%chméster set
over the couwpllution sheol with the viewing aperture approzimatsly over
the pozition of the plumb poini far.tha expogure in use and the device
pointing oubt away from the center of the strip, the photograph may be
viewed 8¢ ag 4o appear superimpoged,on the sheet of paper in i%ts approxi-
éaeeeaz.y reétifiaa. forme By sdjusting ths tilt and height of the oblique
‘gsketehmastor and #5 shifting its position as needed, the cnmgilétian
points marked on £he photograph are made to appear superimpéseaﬁan
their pﬂéiﬁians as determined on the compiletion sheet. 'Thiguadjust-
ment is 9é?formad €9r successive groups of points including smell -
gezﬁions;éi the phﬁtﬁéraph and, when coincideneo is ahtaiﬁeﬁ,,%hel
interveminé,ninﬁéﬁéified detail is traced off tho sheet Where it appears.
Continual adjusbusut of the oblique sketechmaster will be faﬁﬁﬁ~menessary.
(2} The lighting on the compilation sheot and on ﬁha,phoﬁagraph is

quite eritical and & source of constent ennoyance. Ous satisfactory
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solution uses a light table for the work. With.the-transparent
compilation sheet cnytha glass surface, the light illuminates the
sheet and passes om to illuminate the photograph. Control of the
amount of light permits adjustments as needed. To reduce fatigue,
the table top is best placed high enough as to be at about chin
lovel for the aperatof when seatede. A&s the oblique sketehmaster
must be placed near the front adgs of the table to permit viewing
and the center of’%he gtrip of photographs on the sheet must be
under the viswingbp@int, it my be desirable %o cut the compilation
into smaller sections for this operation. This may be done by making
a clezan cut dowm through the centsr of the flight that has basn com-
piled from ths ieriicals. The pisces may then be rejointed later as
requirgd, |

¢. Drafting. afber the eompilation of the entire area or sub-
divisions thereof has been compieted, the map ma; be put ﬁhrough‘the
necegpary remining Qperations to securs the tyﬁe ef-drafting and re-
productiﬂh desired. One convenient system is to join and match as
many piééés of the compilation sheets asg requiraé for a'rééroduetion
unit and__‘cépy pho%u&gi-aphicany in this unit to a scals sligih‘v&ly_,larger
then thé fiha1 desireds From the negative, the desired numbéf of blue
line priﬁﬁs‘may be made for color separation drafting. -Theffinal ink
drafting and'lettaéing may be done on these blue line prin%é'%@d the
platas for printed raproductions preopared therefrom. The actual system
used must be adjusted to the map desired and the equipment and personnel
available.‘ |

34. Timg Reguirements. No great amount of information is aveilable
ag to the time required for mepping with the Tri-Metrogon photography

as yot. There is given in the following table, however, the time records
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of & test project carried out using this type of photography. It is

- folt that the information eontained therein will serve as a basis of
timeg esﬁimﬁtes in the mbgenco of‘more’compieta d@ta and will serve to
show the proportion of the time consumed for the‘variaus.operations.'
It may be of value in helping to plan the organization required for
gimiler work. The data were collected on a test project éa?eting
13,000 squere miles for which a strategic map Was«prepare&;gt a

scale of ig§00,000. . Three flights covered the arsa spaced at 25
miles. The phatogréphy‘was performed at 20,000 feet and théfmap
compiled at a scale of 1:80,000s The work was performed by>§erséhnel'
ontlrsly umfamlllar wimh oblique photographs and only sllghtlf trainad

in thea use of vertleal photographs. :

_ Man--  Mane . : % of
_Opsration . Houwrs _  Hours® . Total

1, Indeiing phaﬁpgraphy BT E 15 . : ;;‘ 143
2. Vsrking and transferring prineipal
: pelnts on verticals (223 photo- o » ,

graphs ) S ‘ 4le - .186 T 3.7
3o Marking prinecipal points on obliques : o »

(236 photographs) 11 047 - 1.0
4, Marking przncipal plane on obllques
, (236 photographs) 11 D JO4T 1.0
5. GSeleeting and marking radial line

points on verticals (223 photo-

graphs) 3345 o173 3.4
6o Selecting and marking minor cone

trol and compilation points on 7

obliques (236 photographs) 79 377 740
7. Selection and intensification of

detail on vertieele and obliques 129.5 11.5

8. Preparing slotted template cards
for verticals (223 templates) 2845 0128 , 2¢5
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an~ Man- % of
Operation . Hours Hoursg® Total
2. Asgembling slotied template plots .
for 3 strips of verticala (223
10. Computing camera settings (6 sets T
of exposures measured) 12,0 1.1
11, Computing and preparing 2 oblique
horizontal direction templates
for each of 2 days flying 9 0.8
12, Preparing tracing paper for.
oblique horizontal direction
shests (118 sheete) . 4 034 0.4
13. thractzng korizontal directions
from obliques (llu sheots, 236 -
photographs } 152 1.288 13.5
' o644
14. Locating slot positions on obiique
horizontal direction sheet (118
shoata) 36 «305 32
15. Preparing slotted template cards
for obliques (118 templates) 32.5 275 249
16. Plotting prejection and conitrol and
traging to compilation shoets
(projection 7 x 12 ft. in size) 38 3.4
17. Asgembling slotted template, minor
control plot and marking points on
compilation sheets 44,5 3.9
18. Determining positions of compilation
~ points 33 2.9
19, Compiling verticals {223 photographs)

(168 compiled with reflecting pro- 63.5 .285 5.6
Jector) (55 compiled with vertieal (36.5) (.217) {3.2)
sketchmaster ) (27} (.491) (2.4)

20. Compiling obligues (236 photographs
compiled with oblique sketche ] E
master) 120 <509 10.6
21. Copying original 7 x 12 ft. com-
pilation to one/fifth size using
copy Camera 30 267
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Man- Man- % of
Lperastion : : Hours Hours® Jotal
22. Preparing five blue line prints o '
for color separating drafting i5 : - 1.3
23, Finish drafting and inking 174.5 15,4
Totals 112%.5 100.0

Marn-hours per gée mi. mapped ~ ,0869
ol Per-phatqgraph,“%emplate, or gheet.

35. Guide for Plottir

. Operations. As a possible aid in the pro-
secution of a mapping project utilizing Tri-Mstrogon photography, there
is tabulated below the various operations that are required with a guide

te their proper sequence.
: Prior Operations

Seguenﬁe — — »b Opérétiqn- - _Necespary
1 Index photegraphy
2 Beterhine phctegréphs réquired o 1 1
3 Tndex Comtrol | | 1,2
4  ideh$ify eantiol on photographs 1,2,3
5 “ Locate anﬁvﬁark prineipal points on vﬁrticals andv .
: leiqueg T . -
6 _Tranéfer’princiﬁal points onm vertieals .  ‘2,5
7 viﬁelect and.mark redial line points on vertieals » ' . é»
8- ‘ﬁ%&?‘radié;¢1in95'on»vertical$ o , ,c5i’; 7
g Selﬁct'ané?mark mincr control points onvﬁbliques CEERE Y
10 'ﬁele;t and‘markfcompilation pointe on obligues - . . 1,2,9
11 | Select and inteunsify on verticals and obliques the »
detail to be plotted 1,2
12. vcompute eﬁmsré.éettiﬁg |
13 Dotermine tilts of obliques
14 Zocata and mark prineipal line on obliques 5

15 Execute radial line plot of verticals | ' 5464748
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Prior Operations

Sequence . Operation , Necessary
16 Prepare tracing paper for horizontal direetion
' gshests : S 1,12
17 ,Prepére horizontal directioﬁ:sheets for obliéues k 4,5,9,10,
. AR - N S L 12,13,14,16
18 lncate slot'pbgiﬁions on horizontal direction . "
sheets , - L | 15,16,17
19 Prepare slctted arm templates . : 18
20 Plot projection and\&ontroi.f f B , ' :1,2;3,
21 Assemble slotted arm templates-in minor cembrol |
plot ' : ’ , 19,20
22 Locate positions of compilation points 17,19, 20,
' | 21
23 Compile verticals with vertical sketchmaster 11,21,22
24 Gompile obliques with oblique sketchmaster 11,21,22

VIII. ACCURACY

36,

General. It is difficult to estimate the sccuracy obtainable
in maps prepared from‘Tri-beregon photography as its use is récent and
sufficient tests have not as yet been made. Certain generalizations can
;e made, however, which can serve as a guide to interested officers in
estimating the type of map that ean be prepared frem Tri-Mstrogen photo~
graphy a%ailable.'

of Position. As has been stated previously, positions

can be plotted with about the éame degree of accufacy as with radial line
plotting with vertieal photégraphse To achieve suech an aceéuracy, how-
ever, will require much ﬁore.time then that shown in the table above.

It would be necessery ito determine individuél tilts for each éxpoaure
used to obtain horizontal directions. This wonld require the changing
of templates or angulator settings for each exposure used and hence re-

fguire more time for the operation of obtaining horizontal direetians.



TS

Algso, meny more compilations points would be required to reduce errors

of compiling with an obligue sketchmaster and heonee greatly increase

the time. But such & system is feasible and should result in a map
containing position errors only slightly greater than one prepared from
vertical photographs and the same control. Undger the more normal method
of using the Tri=Metrogon photography as outlined in the preceding section,
the accuracy of position compares more neariy to that obtained 5y g mosalc
laid by'matching'detail between vertical photographs and adjusting between
comparable controi.

38. Accuracy of Representation. a. General. More eritical in the use

of Tri-Metrogon photography is the ability to loecate and identify the
.fgatures to be plotted. A4s the secale on the oblique photographs diminishes
rapidly in a direction away from the plumb point and as the angle of view
becomes flatter, some point is reached beyond whiech it is not possible to
identify features to be plotteds It is difficult to say just where the
dividingliine-occ@rs., It can be said, however, that the'liﬁitlfor naturel
features is farther out than the limit for man-made features.c'For this
Teason, this typé&éf“phqtegraphy is more suitabie in typesiqf £err&in where
the natﬁr§i featufes_afe-the prime ones to be plotted.'

b,ngi:pral f éfure§.vwhere mn-made features must bezélqﬁted, the
obliquefﬁhgtographé are not usable to such a great distancé_  It appemrs
that the éﬁgle of view, rather than the scale, is thé mors eritical factor
in limitihg the uéaﬁility of the obliques. Thisvlimit, where such fea~
turGS'afe'invelved,uis near the principal point, The features on the
ground appearing'at- the principal point are at an angle of 60% from the
plumb line of the exposure. With a flight altitute of Z0,0QOeret, these

features‘are recorded on the photograph at & scale of about 1:80,000.



A test flight at 35,000 feet which results in a2 scale at the principal
point of the obliques of about 1:140,000 still indicates that the de-
tail is fairly discernmable. Thus the usable width of a flight lies
between the prinecipal points of the two obliques of the Tri-Metrogon
assembly. It should not be relied upon beyond that width to provide
information for tgetical maps for use of ground forces. This width
between the principal points of the two obliques may be expressed
readily in miles by multiplying the thousands of feet of flight
altitude by two thirds. For example, a flight of 20,000 feet would
cover approximately 13.3 miles between principal points. A project
flown deliberately with this type of photography for the preparation
of tactieal maps should have a flight spacing sufficiently less than
that amount so as to insure that none of the obligues need be used
further than the principal point. '

¢. Charting Natural Features. Tri-Metrogon photography has been
used quite extensively in preparing seronautical charts of remote and
undeveloped country with flights spaced at 25 miles. Bn@cr such ¢on-
ditions, many instances occur where the actusl distance between flights
is 30 miles or more. This requires using the obliques to a distance
of 15 miles. Iith a flight altitude of 20,000 feet, this requires
that the oblique print be used to a distance of about 1.75 inches be-
yond the principal point where the scale is approximately 1:160,000.
The angle from the plumb line to features occuring at this distance is
approximately T6f. It has been found that satisfactory charts can be
prepared for such terrain with this flight spacing. This is stretching
the system to the utmost, however, and probably & 20 mile spacing for
such uses would be more advisable. It should, of course, be varied to

suit the altitude at which the photography is performed.
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