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MAKING MAPS FROM PHOTOGRAPHS FOR GEOLOGIC Usi}.
Introduction, The coming into use of photographs ta.fcan from a ircraft

l;.as opened new ﬁ:eld.s to the geologist!not only in interpretaion of land
‘ forms but in making accurate Iaxm maps. 'nﬁ_zi-le teaching mapping at the
Univérsity of Wisconsin the writer had extensive experience in teaching

both and ground i
the making of maps froml\a.iﬁ,\.\photographsf as well as i_nterpretagon of such
photographs., One of the difficulties is that so much of the published
literature is so complex that it is hard to understand, ZEither mathematics &' '
very c&mpléx or the entire derivation of many formulas is omitted. In fact
it haé been sugaested that many authors tried to find "hard ways to do easy
things." Very !;‘ew ariticles or books on the use of photographs were foﬁndi
to be -enlightening to beginners and in fact most were confusing to young
studentgln many the accuracy demanded pi'wed far beyond both the accuracy
of the available photograpﬁs and the possiblé accuracy of drafting.
It is true i'-hat the making of maps of large areas is best left to special—
ists but the geologist find.s much hil.p in using photographs eithe:.( %o Uj/

f£ill in detail on existing maps orf\fo make accuracte maps of relatively

& : expehsive
small areas. he specialist can afford to buy and to us s complexﬂstabor-

saving apparatus but when only occasional use of photography is needed

it is best to avoid such helps and the following discussion is devoted

to general principles which do fot—enteil sweh-expensivehelp. Thé_
uﬁderstand.ing of principles is vital to all methods of work rather than the
manipulation of complex apparatus.

General principles of use of photography The use of photographic

methods of surveying is demanded (1) when the time of travel is so great

“that time at a given location must be limited, (2) when another point of view

than those affor:aed from the earths surface is desirable. Forthe second

condition is is evident that the unse of aireraft is essential, We will hére

considermappinh from (1) zround photogré.phs, and (2) air photographs.
~ZIn-beth-catagories fhe axis of the camera may be either horiaontal, inelined,

or vartﬁ.cal( in air photographs). The differing seometiric relation; of srund
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and photograph in these differing conditions is hard to explain but must be_
understood,
B asic idea of cameras. A 11 came’s have the ‘same basic principle.

N
a convex lens forms a regl image on either a photographic plate or film,

The lens must be placed at the right distance from the plate or film
by various method.sj and the amount of light wh/;ch enters the lens -
regulated by either or both (1) a shutter, or (2) a disphram within or just
inside the lens. The box enclosing lens and impge must 'be‘ light tight.
Although the sbove reruirements are simple 1/1; must be _reglized. that the
construction of an accurate lens which gives sharp focus for the different
colors of sunlight and which makes all parts of the image equally definite
is by no means simple. We need not here discuss either the mehhods .of
compensating for these factors nor the details of camera construction
but simply remark that camers for mapping are much more expensive than those
ordinarily used for other purposes an d that mopy lenses are not perfect
in the accuracy of the images, Cameras for mapping take only objects far
.e'nough froﬁ the camera that devices for changing the focus are mﬁmﬂant
Distance from lens to image is focal length.
for :I.t is always what is termed “infinity.%\ Plates are no longcer used
extensively in aireraft. Many air ca.meﬁ\s are automatic and use ﬂla.rge rolls

of film,

§_e_g_at:lves and positives. The image taken on the photograph is turned

180 degrees from the position of the original ground, See Flg, 1 I‘
black and white photography the density of the photograph is reversed
from the original subject making a negative. rhe negative is converted to

o o g
a positive either by printing or by further steps in developmentl olor
plcture are delvsloped into positives. - From the ﬁgure’! it. is clear that '
photogrgphs are & means of recording both vertical and horizontql angles
of obje'cta in the view_thes angles being measured from the axis of the
camera, The angle is not measured in degrees and minutes but by &’e ttiangle
with focal lengt on one side .and distance from the center of the pictuz;e |

as another side of & right triangle.



Now if a positive were made on a transparent base it can easily be placed
in front of an observors eye at such distance that objects in the photograph
will coineide with the original view, This digtance is the focal length of
the camera : .

Ground survey. In order to make accurate maps from phtographs it is
necessary %o have points on the ground located both in elevation and
hori,ontal location by some kind of ground survey using conventional
- surveying methods.There is no need to discuss'either the requisite number *
of points to-be determiﬁed nor the methods of surveﬁing which depened to
a large extent on the gijze of the area which is to be mapped.

Haze problem, Photography of distant objects like those below an
airplane involves the prqﬁlem of ha,e, Haze is due to dust and water
vapor in the atmosphere which result in dispersal of the shorter waves of
1ight, the violet and blue, Lhis causes the blue color of distant objects °
as 1s noted in many p ace names. There are two ways of reducing the ‘
blurring of a photograph by hage° Pirgt, we can spmewhat reduce the
exposure and second, we can shut out the shorter wave lengths of light
- by appropirate colored giasslcalled filters. the extent to which the
second alternative can be employed depends upon the kind of plate or
film which is being used. Older photogr,;hic materials were sensitive up
They would not take a filter deeper color than medium Yellow

throughye 1low in the spectrum of sunlight. Modern films and plates are -
gensitive to orange red and in some cases into the infra red or-invisihle
light rayé. Wifh these material orange, and red filters may be used
giving much clearer picutures than were ever obtaind in early days.
The use of infra red involves some difficulty in obtaining exact.fécus
for one cannot'focus when the image is invisible. Gélor films have now
been made which réquira much shorter exposures than any black and white
material of a few years ago. Aihese films are not suited to use with

filtersalthough they yield zood results in very clear weather



i
Ground Photograph surveying.

Introduction, Before air photographs were available considerable

surveying was done by means of phofigraphs taken from the ground. (sze
A ]

method had great advantage where travel was difficult and clear weather
limited im—occurence as in the mountains of the west coast. .Local
conditions still make it a valuable method. It is essentially pl, netable

surveying with the a.ngies previously registed on the piclx_ﬁf_Aes. B01‘;1:1

Lould
hori ontal and inclined photographs m=f be used but the following

. @iscussion is limited to the < former
' rizonkal

Field photography. fho{graphs for use in photo aurveying'nrust
be taken with the camera level which makes the hori,on parallel to

-

the edege of the pictqre. Leveling may be done either with level vials

attached to the camera or by placing the camera—on & levell‘?ed plane table -

Every photograph must include recogni 2:a.'ble points whose location and

ele?ation’é had previously been determined by a ground survey. If this

is done no measurment of the direction of fhe camera is needed. An

essential is to mark the position of the camera axis on the picture.

This is accomplished by markers cé.lied. W‘sﬁ‘iﬁ; These marks can

be inserted in almost any kind of camera w&accurate shop work,

They must be close to the plane of the film in order to register clear]_;y.

Care must be taken to determine the proper exposure, to use a filter

and to teke overlapping pictures of all of the view from a given ata)tion. :

One of the major difficulties is to be certain that all of the land _
af 2asT TWl .

within the area tote mapped is _‘covered ‘oy}\pictﬁres. If there is much

forest this could not be accomplished. The photographic stations may

be either _located by ground sur'v'ey: or included in each f::l.ctﬁre there

mist be three points whose location and elevation are known.
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-Refering %o Figv.r_e 2 it is noted that equal horizontal angles from the
direction of the camera .axis lie on straight lines.  If we are familia/with
a surveyors transit this relation is clear, If the $asbroicat s :
clamped on its vertical a.xig at a2 given angle from that of fher pi%;:.re and & %
the télescope is %@ moved around its horiflontal axis it is clear that the
line of sight passes through a vertical plane represe ted on the picture .
by a straight line normal to the'y horizon\. o If we free the -vertical
axis and :ixamghe telescope on its h rizonta‘;. axls at a g:l.ven angle of
ok g9 (T hovi2zentelly Theime o f sighT

elevation or depression redetien—on the vertical axis will describe the
surface of a cone. On the pilcture T}ifnes of given vertical angles
are curveé which represent the intersection of these éones with the plane
of the photograph,  If we dnsire bo-be Sechafohl 14 is MiViant Shet Aha
distance of & point from the horizon or plane of the axis of the picture is.
not proportioned directly to the angle in degrees"but instead to its |
ﬁ@gent on account of the fact that the photograph is a plane normal
to the ¢z mera axis,

Platting of points. In order to make a map from ground photographs
'.U; is desirable that the focal length of the camera he-known lor determined
If the location on th_g map of the camera station is known the map direction
- of the axis of each picture is readily‘located by platting the pds.ition
of the right trigngle alongside this exis which als§ touches another point
of known location. Refering to Figure 3 locations of both A and B were
known for the d.iétance between these two st-ations was a bage line on -
which the entire surveyw%ﬁ'nased It is laid out to map scale aned ‘e )sﬂ'}f! i

: AO Urr by\

and the location of line through the axis of phoj:off is determined by
the right triangle A , AO) D yging the focal length for one side and
distihce oDt :-Eor the other measured on the photograph in a direction
parallel to the line of the horizon. In this case it is agsumed that the
map direction of pi‘s known In the same way the axis of Photo B may be
laid out using the triangle B )O“ [ Note that these picture planes

are normal to _the lines of axis. - M ‘]T
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*eﬁ&ﬁfﬁﬁ;wffﬁsfngf;é the foesl length'of the camera has not been measured by the maker
L

!

fﬂm layin,g out the rays and mea.suring distances 0-D' and O"=D' ' v (]i
The next problem is to find the map location of point C'which was unknown. The deaw-
AL i Boner ok ¢
\“rays to GPSGtermined from distances O=C! and O"=CM The intersection hen gives the
desired map location. The similarity to planetable mapping is evident and the chfjief
cauiiona are (1) not the take the location of intersection of lines not to the same point,
and (2) to try to obtain more than two rays to the same point for the intersection of
only two rays is not entirely reliable., - If the picutres were not all taken from
points of known location the focal lemgth of the camera must be kmown. The map
location of the cé:mera gstation is then obtained by drawing map rays to three known
locations shown in the ﬁictqré. This work is best done on tracing paper or celluloid .
The transparent sheet is then shifted until all the three rays pass through the mafp
. location of the points.Aqugz\the map location of the camera station can be pricked
through onto the map, “his is often called the' tracing paper solution of the three
péint proﬁlem:/ This method is dlfficult in the field with the plane table but is
convenient in the drafting room. TFollowing the methods outlined above a map ‘of a :
considerable area cen be built up thus greatly shortening the time spent in the
ﬂggld but incredging the time in the drafting room,
Blevation finggggr Plgure 4 shows the method of finding differences of elevation
from photographs by graphic solution of the familiar planetab je method. Difference of
hori¥ontal or map
elevation =’fistance X tangent of Vertical angle., .The map distances are scaled from the
map and the vertical angles found from a construction similar to that used for horizontal
angles, Note that the dista“ctps from the horizon line are scaled normal to tha¥ line
parallel to the plane of the camera axis, If some points have known elevations _
the elevations of all points can be computed. dhe how angles make elevation determinatic

-
ns of rather low accuracy,

Stereoscopic examination.It is possible to obtain a much better idea of relative
distances in a paif of duplicate photographs by stereoscopic examination than can be
obtained by the eye at any 1ocation or from single photographa. Most stereoscopic

camers have the two lenses placed at eye distanca. .his is entirely too small,
N .
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The methods- of stereoscopic examination are fully described under the he—_aj of
vertica.fair‘photographs, In #g‘-{ler t o compare with those the distance m camera
st&tion_s ghould be a large fraction of ‘the horizontal distancesjwhtch-arer—‘v‘trb‘e—mmpai'et
amd never less than 50 feet uﬁleass the local tomgraﬁhy around the camera station _
will not allow it. On account of the lack of exact kmowledge of either the scale or
mean distance of objects in a horizontal photografgh it is diffcui‘b to apply the '
formulas whidhﬁ;p}ﬁo vertial air photographs.However stereoscopickexamination should
be a great help in sketclhing in details between_ points which were lc;cated. by inter—

sections.

Limitations of ground photograph surveying, “he accuracy of mepping by ground
photographs depends upon (1) scarcity of forest covler which mfeeds views and (2) -
the taking of enough photographs so as to obtain sufficent intersecting lines
at angles of more than 30 degrees as well as three or more rays to the same point.
The/methodris limited to nearly treéless terrane where travel is reasonabiy easjr
and the camera stabions are on smooth enough spots to permit of adequate stereoscopic
side éta‘i‘-ions

| ATR PHOTOGRAPHY,

Introduction. The term alr photography is preferred by meny fo the older term
aerial photography for all.phtograﬁhs taken from aireraft., Photogr\a.phhs were taken from
‘ballgﬁs-a.nd kites long ago bul the development of the airplfme allowed the art to come into
. its own and to cover sonsiderable areas i photograph from the air is the only possible

Ak~
way to see a hill from all sides at once and froma distance t(ya'b the ef\fect of per-

‘ N ety
spective which plagues the ground surveyor to—be e&e&g&amm obsticals

: speed variation, and
such as haze, static electricity in the camera, irregular alitude, errers in course

control of the plane had tob{jovercome before present day pictures were possible,
We will not here discuss the problems of field photography but turn at once to

the use of the finished pictures and leave the field work to specialists.

Kinds of photographs. In flying .‘the camera axis can be (1) direc_teci as near as

/

possibly vertical, or (2) inclined . If the angle from vertical is small the pi?\tl;.—re is

termed a low oblique; if 1l,rge a lgigh oblique, Low obliques should if possible

B e S

3 ot

show the horizon , Some methods, took both vertical and low obliques simutterecousiy
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| by using three camers whifh tock simultanoeus exposures. This was termed the
trimetrgggn Others used Special camers which took exposures in different directions,

. :
hese methods are under constant development and will not be discussed in detail,

Geometry of vqrtia&l_photoggaghs. The writer has geen few so—cailed verticals
which were exactly true tc that name, Furthermore, plott#ing of a line of successive

BT A G T RV
photographsﬁfem nstrates that the pilot hadhifficulty in maintaining either a

straight course or constant .altitude. Turbulence of the air is worst over rough
terrance and #¥wtthe contact between land and a large body of water and it mﬁy well
- prove that sutomatic control may never eintirely overcorme the erré; due to
n
turbulence. If we could obtain precise verticallit
. of the camera a
: at uniforn alitiude y i 1and
: yerepphotgrﬂphedfre would then have an exact an exact map of the land and fitting

together the pictures into a mosaic would be a correct map indtead of an qﬂpPreximation.

We will neglect for the present the effects of slight tilt of the camera axis in
distorting the picture,Figure 5 shows how the difference in elevation of the ground
should affect the accurzcy of a perfectly vertical photogrsph. The top of hill B is not
moved in the picture wheras that of hil andagiﬁistorted outward from the center

=xgt That this displacement is not a sg:%};:;&agﬁ is obvious from the fact that the
common photogrgphs-cover a width of sémewhat over two miles when tskén at an altitude of
about 14,000 feet ( See Figur:ﬁ)Distortioni@utwarﬁ from the point where the vertiéal

line touches the ground is radial from this so-called nadir point, .

’

Stereoscopic vision, The displacement of photographlc images by reason of difference

in relief is also illustrated in Figure 6, It is not simply & nusiance as it is in

making mosaies or tdfC£er maps which show only plan relations in a single plane
in which r lief is made plain to ths

'for it is the cause of gtereoscopic vision
eyes and enables the quantitative measurment of differenﬁg in elvation of the ground.

The basic cause of depth preception is the fact that any elevation is looked at from

a different anglé with each eye thus giving the impression of depth ( Figure ?)

It is obvious that %o see this effect the observer must have normal vision in both eyes _

Some persons cannot see stereoscopiczlly because they see only with one eye at a time.
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Stereoscopic vision does not sbsolutely %M the use of any instrument te
separate the visi% of each eye from ti:at of the other,” It does re,uire two pictures
“taken from different points of view. Some persons find that when the pictures
are properly placed a paper—er sheet of hoﬁ;rd held vertically between the two
pietures is enough to causé the eyes to have spearate vision. Many can dispense
with such an aiL anﬂ.‘ge‘b—the—%sair_ad_r.e.sut. Several methods of practice to attain
this result have been suggested but the writer has found that the simplest and most
reliable is to relax or “da%\d.ream" until thé eyes see the same object in two
different positions, When the eyes are in this condition attention is devoted
to the two pictures placed with common p;in%gf\less than 2,5 inches apart,
fhree pictures will be seen of whi h the center one is in relief. It is often

&WM.

necessary to shift the pictures until perfect relief is obta:lned, Yot all

N
probably only a minority of people e'Ver attain this result whi.ch is most convenient
when examin:.ng stereoscopic pictures in the field and in any case it is of little
or no value in mapping. L oy vk V"dw U""LBA ;

Stereoacoges. Several devices are used to attain atereoscopic visi%n without
troubl&and. over long periods of time. Common types are (1) two convex lenses
at eye distance apart on a suitable stand which permits focusing on the pictures,
(2) a combination of mirrors with lenses or prisms 1ncludinmuure 'binocular.
telescopes a.rrznged to secure either direct or enlarged m of the photographs;
one with each eye. The lens type of stereoscope h,s the disadvantage of obta;; :;hf
only a part of the common area of the photographs. Devic's{es with mirrors or prismé
can obtain all of the area common to the two pairs of the stereopgi#‘and. hence may
prove muich sperior if a large area ié fo be examined although some t;f them do not
show the reliaf.:l.n as prominent a mammer as does the iens stereoscope.  With the lems
type there may he“'blind. spots" which czn never be seen in relief no matter how the
photographs are overlapped or _trinﬁned.. (3) Photographs of a pair may be printed
éﬁe in red and .the other in green or blue. Vhen this pair is examined ﬁhrough

suitable colored glasses the relief effect is obtained. This- W
: hoJ) =
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The method of using colors so that each eye sees only on? of the p itures is

called an gneglyph, They have not come into common use pPo y because of the
cost and the fact that if the glasses are lost the picturs appearjonly a dlur,

(4) Projedtion devices which throw the pair of photographs onto a board or
sereen, BREither two colors.withziestes or cross polarized lighﬁ\?ay be used‘to
separate the pictures to the obéervor. -Polarized light requires the use of
polaroid %ﬂvJVﬂ4~' ' i

. . oo 0
Definitions. 7The center of a photograph where theugg¥%§’axig inte?sects

.ths ground is called the Egincipgl pointy This point is gaund by dﬁ%ing gtraleht
lines between thercolliggtion poiﬁts on the edges or corners of the prints,

The plumb or nadir point is where the vertical line through the 1ensrof the camera
intersects the pigére. Since the exact tilt is rarely known it is commonly
agsuned that this coinecides with the principal point, The marking of photographs
mast inclue the transferred principal points of adjacent pictures in the flight
or run, Many auxﬁ%ities recommend setting the adjacent photographs under a
stereoécope when the prijeipzl po;nt of one photgraph appears su?erimposed on the
adjacent ons Sad is readlly markea.i:éiiizztékpic visiton is obtained threough
considprable angle of-tolerance and = practice has demonstrated that the above
method is suject to considerable error., The writer has found that the principal
points may be located by distance ffgm nearby landmarks such as field corners
+ which ean be seen on bot#bhotograﬁhs. Since the distances are small any error in
scale due to change of eiGVation of the plane is unimportant, This mebhod 1§ et -
ﬁﬁﬂuﬁk e-either in continuous land with no local marks or over water,
ﬁ&line is drawn betweern the principal point of the central photograph and the
transferred points to follow what is assumed to be the line of flight( In older
p?ctures this is rarely a perfectly straight line., When photographs are properly
set up for ateeosgopiceexamination this line of flight of two adjacent photographs
must be parallel to the axis of the stereoscope. No attention has thus far been

given to the tilt which moves the nadir points a short distance from the principal

points. “he line of flight must then be drawn through the nadir points if known,
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Height finding Figure 5 demonstrates that elevati.on differences wa.nr-—wt‘bh
the position apart of the images of different points in a steeopair.. Parrglex
is defined as the apparent movement‘ of a object in reference to a pla.ne.‘of reference
which is due to the real \;novament oi;,_ the observor. The movement of th%lane
is real a-ﬁd. the t;,pparent movement is l’?f the same object shown in two successive
pictures, ﬁe above principles may be used to obtain a quanitative vale of the
difference in elevation of the object w:lt.h reference to some plane of elevation,
If the stereopair is properly set up along the line of flight paréllax differences
~can be measured with an ordinary scale whose position should be parallel to the
line between mm principal or nadir points. However, the ama.llv distances which
;"nust be measured make it preferable to do this work under the ma.ghification
afforded by a stereoscope. It is easy to see that the movement of the ﬁlane, B,{Q;A MW_)
o plane above the :
is in the same prcopor};ion(to the elevation of ,the/\hilltop above xkwm ( H-h) as
gifferaw exiwxin elevation of the hill dh is to the difference in parallax & C
The last figure is the apparent movement of the same point mea.sured mmtﬁe
on the two pictures, !\hgggg.bn\g this to obtain a usable value for &. we must realize
that Brthe movement of the. plane between Ssuccessive exposu.res cannot be measured
directly. Aai“l;at cgn be measured is the clieta.nca whween /the principal point of
one photo and k= transferred position on the other member of the pai:?%; is
masy to see that this latter determination of the pl_n_oto base, b is related to the
original 1ength “in the air in the mtio;:* H. b=3:ff B By substiﬂ:.t“n
OJ. | in (H=-h) ; t B} d.p it is clear that 3?\ b.H/f. (E=h) ‘“ﬁlthough sinmple to
derive by similar triangles it is obvious that this formula is not usable

nor H ( altitude of the plane)
for neither f ( focal length of camers ) is always avilable and h is the final

-

answer UFigure 8 shows a mpracti."sl solution, We will assume that both
pletures are truly vertical and were taken at the same elevation and that dh ( height
of the hill) is amall compared to H. We can then ignore the figure( B-h) The apparent
movement of the hilltop between the two pictures is '5:’:. We will set up two values
for c/whi.ah can be equated and thus eliminate it fro{: further congideration.

wlink . ' 5
The distance of the movement of the hilltop in the pictureg!’ Ig the sum of the

A A
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s e T
two para llax dispia.cements in each picture. No\; t;.p ¢t c:t £3H Dby the scaie ratio .
whichiwa.s expla:ined earlier, From this we can readily see that ¢ = dﬁ.Hff
By similar triangles dh je;; H; B whence c= dh.B/H “he two values of ¢ may be put
equal to each other and we have dp.H /f = dh.B.H Wnat we need is the difference of e

dh
elevatio7 in terms of difference in parallx, dp . Solving the above equation for
|

dh we get dh = dp.f/ £.B In this we can substitue the relation‘ that 'b which can

o B =)o

be measured on the photographs )is equal to ByelH xhixx;tmxﬂkmxéﬂf:ﬂr
This gives dh = d.pﬂzf |/ £, Next the fs and one H cancel out and we have
dh= dp.H/ by dp will be taken s unity for we desire to find how many feet
of vertical distance there are for a unit of parallx displa.cehien": However;we do not
always have the value for H so that we cah further substitute the value of H in
relation to easily measured quanities . The easiest way in country which lf‘s‘i""cil.:l:frided

N e SardA~
1nto gections by the Land Survey is to measure the length of arj{::lle on the ground
This should be averaged for not all survéying was accurale £ e;nd there is some
variation due to altitude of the plan;; T’ﬂl.:oreticaly'the distance on.the photograﬁ'(“.
which represents a mile is in the ratio f/H to the original rlistancé on the groﬁnd &/
Hince H = g,f/m Since £ is not always known to the user of the photographs we
can solve the eqﬁation f= I-I,m/ g using for the value of H H = dh.b/d.p provided
we already know the value o:? dh from measurment of parallx difference of a hill of
known height. Legying the value of f for the present we find that dh = dp.g.f/ bjm
The distances measured on the phtographs are b and m which are readily determined

by an ordinary scale showing decimal divisions of inches; The next thing is to fix

upon the proper units of mesurment, Our maps will generaly be with English units,

: f'ee'hi&.nchea, and\miles,) Scfles on most stereoscopic mapping devices for determining

paraliﬁ:&differences are divided into milldmeters What we need is number of feet
per millimeter of parallx and hence 1'\12‘25 ok = 1'528 25, 4 f . 25.4/

A 2 A
'b 25 4, m 25 4 Cancellation of convereion ch‘hrs simplfies this to* (feet) =
A
5280112 25.4 / bA25-4 . mH,'\ 26,4 Since s very popular camera used for most of the

photographs taken in the United States had a focal length }f of 8.25 inches we can
g = 7

solve the above by further simplification to dh ( feet) per millimeter @f parallex =
1715/ bem ( both in inches )



Pigure 10 is a dﬁagram showing the valuss.of 4p 1n feet per millimeter for
differsnt values of m, and b in inches. Most photograﬁhs taken in this cguntry were
intended to be at a scale of 1;20,000 so theut the photo distance of a s%aadaad mile
of 5280 feet..ﬂIiLi*n»aeaisffE‘EEﬁEf‘iﬁta should be glightly over 3.16 inches;

on the photograph but the pictures are rarely exact, Lines are drawn for three
different values of m and intermediate wzlues may be estimated. It must be

rem&mberéd that the limit of accuracy is not,éﬁ this diagram but lies in the
precision with which parallax d;fferences can be measured, Théftest of this is
x how closely do separate determinations agree which depends upon the quality of
the photography, It is uncommon to have sucessive. deterﬁinationskagree closer
"than about 1/20 miilimeter. Hence a fairly rough determination'of the value of
dh is all that is reasonable to expect. Measurments are made in two different
ways on instruments designed for this purpose; Some usé a mierometer or revolving
gcate and others a rqﬁg guage. The latter is easier to read but should always
7 be read when burniag‘th% s;;;w tighter against the spring. The points ot measurments
over each photograph of the pair are doté on glassjoften in é slightly elevated
central area, Despite small eleetric bulbs to illuminate the ﬁictureg these dots
are hard to see on a dark background and if the stereopai is left sebt wp ang-not‘
dusted off reularly the glasses soon wear to e sround glass*een&i#&ﬁh. Dbts on
-cﬁﬁgoid which although soft is reasily replaced were tried. Just why the
measurments are in millimeters where -other measurments are feet or inches is not
clear,

Effects of tilt, Slight tilt is apparent in the majority of air photographs
which were inteﬁded to be vertials, Figure 11 shows some principles of tilt.
The up side of a photograph is toézi;;ge and contains the prineipal point.
The plumb or nadir point lies on the down side which is too ]ﬁg The 866666666586
axis of tilt lies half way between the principel point and nadir point the point

on a 11ne Jomning these two and crossing the axis of tilt is termed the isocenter

or point of no distortion, The axis of tilt may trend in any direction.
Since the tilt affects the scale of the photograph it changes parallax measurments
gso that points of the same elevation on one side of the line of flight do not check

with others at the same elevationon the opposite side.
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A nother phenomeﬁon is that perallax measurment between points of the same eletatién
‘differes in diffement parts'of the stereopalr, Still more easily §bserved is
failure of.yntnksxnfxxhnxxﬁaa,1ocations of the sgue point in the two picture %o 3
maintéin a line parallel to the line of flight, If ground distances are known
tilted photographs do not display the same_scg}e at the same elevation everywhere
in the area common to the two piétures of a stereopair, A?l these phepomena
proved existance of tilt although the& are only gualitative and prove neither
the direction nor amount of tilt. These relations are shown. in Fig.}%L?hsre the

e El;-n
total tilt is shown as'gomponentsrﬁransverse to line of_flight andf?ormal to it.

Correction of tilt. “he beginner may well ask hog? if tilt is so prevaient~
and causes so0 many errors are we going to use air photographs to make acéurate
naps? The answere lies in the radial iine'method which is illustrated in Figure

14, The basis of this idea is that directions from the isocenter to any oint in
the photographs are less afected.by tilt than are distances. Note that this-

ground
principal& is opposite to t hat of the legal method of correcting old land surveys

where distances hold over recorded directions., To obtain accuraEQ results by
drawing radial lines on ¢n overlay above therphotographs it is essential %o have
_some lines included who#e true length has been found by a ground survey. Were
this -not-d.ox-le the entire map would be -at the scale of the first photograph.
Unfortunately the location of the isoéenter is farely knoﬁn end 1t is genprally
assumed to be at the principal point: The radial lines on Ane overlay must
includb points which are shoﬁﬁ in adjacent'pictures. Some of fhe side points
must be recognized in three successive photographs for the method ﬁf locating
points is exactly the same as ordinery planetable surveying and it is essential
for sccuracy to have as many foints located by the intersection of three lines
as possible,Note th:t ;t is exactly as if a planetable had been set up Fireetly
beiow_the plane at every exposﬁre but has the advantage that shots can be taken

to many points which could not be seen on the ground, It is also essential

that points on adjacent flights be included so that the flights may be joined
together., Several conditions are included in Figurdl4 In some cages the
points were not shown in the adjacent flight, and in others the spacing of phtographa
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vsries from the intended plan,

Correction for differences in elevation of ground. Figure 9 showed how points

are displaced due to difference of elevation of the g’round which is ra.d.ial.along
lines- drawn from the nadir peint. This point is rarely known precisely so that
we must assume it to be soineident with the prineipsl point, TFortunately this is
of comparatively litf.l.e importance with the scales used for making most maps,

Quanitative measurment, Lack of knowledge of actual tilt makes quanitative

determination of mikhex displacements due either %o elevat‘i.on or to.tilt almost
impossible, Figure 9 showed the computation for elevation displacements, d for
elevation gpove datum of h, “igure 12 demonstrotes the same for tilt. Here the
tilted photograph with isocerfter at i-‘is solid‘a}?zd the equ.ﬁ,ivalent vertical p:lctu.re‘ i
is dotted, The displacement is related to angle B between a8 line to the point
from the lens and the line to the isocenter, The angle of tilt is t.

vertical =%
The displacementaixme db'! or ad = ia(or ib)sin t,  Horijoptal displacement
is fv\erticall displacement tan B, Now tan B = ia \or '1'bJ / :E'Mm%titution shows
that 4 = ia° %r l'bg) sin t /f Displacemnts are radial frOm'\the isocenter,
The importance is that displacements increase with the squars of the distance from
the isqcenter 80 that mapping from the edges of photbgraphs is relatively inaccu:;'ate
in oppoe{i::e directions g;\.the up and down sides of the photograph,

P_racticail uge of radial line control: Students were taught to use tracing paper

overlays in meking radial line construction over a zroup of pictures in two adjacent
flights. *his was done to tegeh prineciples but if the area tob e mapped is large.
this simple method becomes cumbersome, _It s better to make the tem_'glet%as the
overlays are ca.lleg out of 'carboard. with round holes at the principsal poirits and
slots along the radial lines centered on the other points. Small metal buttons with
holes in the center: are inserted and the mqu;le agsembled and shaken down. The
points of intersection of lines are thus determined and failure of any ‘lndi?iciuzl
templet to settle smoothly into placé is eviderce of eithe:l' a mistake in laying

out the 1ines or'\e,bnormal- tiit. Such a eonstruction by {vhaf;- is termed ‘fhe

slotted templet method is cumbersome and wasteful of cardboard. 4g a substitute
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slotted metal strips can be used which are clamped on the central bdttoR'by a screw,

Map locations are pricked through in the same way. Today most mapping is done with
some form of projection device which throws ap imags of the stereoscopic im-ge

onto a board. The projectdr 1s tilted to compensate for tilt until ifx the relief
1magg;é§i;gs with several known elevations within thnxﬁ:p each steeopair,

Such devices were not used at the University of Wisconsin hecause of Fheir expense
and it was ﬁesired to not get students used to such s_andfggggle to work without
¢§Bm,Another method of correction of elevations for tilt was to draw contours on

an overlay showing the variation in values of dh across esch stereopair, Publiahed :
exémples appear to show that the more known elevations in the area the mofe
complicated the contour pattégg which appears to show tﬁg much of the diserepancy is
due to errors ;1.11 photographyww:am V\'E:‘ \"’\‘*ﬁ

Exact determinations of tilt. Some prehaps many )have tried methods of
Al >

computing the exact amount and direction of the tilt of air photograph verticali

A method which appaaredko offer possibilities is that of Rihn, ‘Hb tired to compﬁte

the scales of the sides;of a triangle on the pﬁ%ﬁg?&ph which had.beeq surveyed
by ground methods using the formulé“ ;é%o distance | ground {iatnie 4 52
unity, “ne diffieulty appears to be to f ind the point on the side of the triangle
where the scale atta;ns the mean value, the se—ealled scale Eoin%;;ﬁaihn used an B
arbitrqry construction to attain this point., The trouble is that mimmskvamy tims .
’giizizle side croas?ﬂ fhe axis of tilt. Now as has been shown the relative

elation of photo to ground distane changes sign at the line of tilt being shorter on
one side and longer on the other than it should be if the pictuie was t?uly

verical,  This destroys all possibility of sucdss.
" :
Drafting the map, A map is most easily compiled at a scale close to the

average scale of vertical photograplis . O nly part of the map will be the exact
scale espeéially after radial line corréctions of locationhave been made. :
Students commonly try to ::;ﬁ- with gtracing japer directly on the photographs.
This method leaves lines on the photdgrspha wherever the pencil was used

N\
For this geasbn optical devices have been made to permit drawing on a sheet of

paper which is not over the photographs. These devices were not used for the same

reason that other mechanisms were not employed, namely to get students into habits
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of depending toc; greatly'on such helps. ﬁr the desired scale of the final map :
it seemed preferable to either shift a traecing slightly with change of positions
or to sketch details with these controls in 1;11nd. Much det"ail froﬁ trom the

picutred ezn abe sketched with the stereocomparitor which has a drawing pencil

a.ttached. Those instm'ment_s used by the writer a}.l had the great disadvantage
that this pencil was put on the back where it 'pi:zma difficult to reach the map
to sketch on it., On some it was mmsqry to-move the drawing é.ttachmeht to the
right., Another fault of most instruments was that a heavy stere‘ocomparito.r was
attached by friction to a light drafting arm in order to keep it always paré,llel.
The writer devised a double parallel rule attachment which proved much more‘ rugged
and d.ependa“/k;le. This is now used by some manu:f‘_a..c'turers.

£ Oblique photographs.

Introd:uc‘bion, Oblique photographs have the very great advantage.of including
much more land surface in e.ach than is possible w.rith vertical_s./\ They Lave the
disadvantage that some of the land is hidden behind hills and woods and that they
‘rl:i.3p1ay perspective with distant objects much reduced in size compared with those‘
. in the foreground. This effect is most prominent in iﬁi obliques which approach
: horizontal phofogrtphs. It is possible either by geometric cons@ﬂvctiou or through
optical means to change many obliques (rectify) int: vertical-s. beiwﬂy—ohliq%em
are—faverad by the cost factor for they require much less flying to cover an area

than-do verticals.. nd-the -requirementes-of—this flying are not-as striep,—
Perspective geometry of photographs Figure 15 shows the comparativd

: erl?
perspective geometry of horizontal, oblique and vertial photographs, Displac;’m}\ =

are measured by showing the intersection of lines of certain've‘rtical and horigzontal
angles upon ‘the photogrg!ph. Such angles are similar to those observed with either
a telescopic alidade or a transit, As previously demonstrated the horizontal
photograph has lines which approximate a grid whose center is da:emi‘x&. by the

a-xis of the camera., A vertical photograph has a spider:we'b papp:?rn also with ﬁhe
center fixed by the axis of the camera. . This axis is intended to be vertical.

In an o‘;)lique it is an advantage to show thé horizon, This; is a low oblique.

It is trensition between vertical and horigzontal pic‘ures and lines of, equal horizontc.&
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== anglés radiate from a ﬁoint below the picutre to the same épa.cing on the hori,on

as-they have in a horigontal photograph.
vertical

Definitions., Figure 16 is a section through an o‘olique photog,ra
i A (oo
which passes through both lens and-center of the photograph, , This ssection is on

! i A
_ the principal plane The vertical line through the lens reaches the nadir point

The line to the_true horijon is at 90 degrees from the vertical, Since the true
horison is above the apparent horizon in the photograph it does not show in thes.
picﬁu.re. -The apparent horizon is not alway$ visible because of either topozraphy
or poor phofographic conditions. 'The angle between it and the true horizon
which is higher becau e of the curviture of the earth is appro ximately in minutes
the sgyare root of the elevation of the plane in feet. Hence the' elevation is
essentizl to mapping from gn ablique.The line marked focal length is the optiec
axis of the camera and is normal to the pla.ne of the photograph, Fig;ure 17 is a

in a horizontal plane kkrsugh<thexiens,
ground plan or map drawn ,through the level of the lens/ Figure 18 is a plan showhg
relations in the plane of the picture, It is essential to realize that to get
the a.ngles must be those 1n a hori.zontal

true directions on a map of any point sogght TH]
Pla-neo

P, They are a.ngles from the plumb or nadir-lens line. Now it is possible

to compute the point from which a true map direction ray can be drawn through the
point sought., Points for thigs pui'posa will differ f oryf different 'par‘bs\of the
picture. *;QI; point was illustrated in teaching by a three dimenional model of

%e plcture showing the relation of true map ray&.;\ﬂ;;:ap;:le of depressioﬁ is, rean;lily
dettrmined from Figure 16. -A construction like that of this figure also dj{%rmf 7
the distance of the nadir poin%‘/‘iﬁgﬂﬂns te—ee&e-'g;rthe—phntograpirr

In G}Aier to locate this’ point on the map three true direction rays to points of

known position are determined, platted onetracing pgper and the three point

_pro'blem is solved as previously described for horizontal or ground photos. WW
A vifal fact which mus( be realized is that the intercepts for given angles '\are

all the seme on the horizon line., All that is necéfrry to draw map rays is to

find (1) the inter(epts on the horizon and (2) the position of the vertical line to

the nadir point.
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: on the map .

Drawing from nadir point. The ;position}\of the nadir point below the lens of the
camera which took the oblique photo is useful as the center from which to draw _
map rays controlled by in‘hersep‘ts‘on the horizon line. If it is not awkwardly distatnT
this simple method of obtaing such true rays was widely pfactices ofy trimetrogon

- Tanr v :

wing photegraphs.A mechgnical device where the two constructions, (1) in the photo
plane, (2) on the map were conneced by a single bar which ran on the hoi‘izon
so that the offsets of horizon distance were the same, The two arms differed in

Wl o
length(l) distance ‘\from horizon to nadir point and (2) distance ¢in map or horizontal
plane from horizon line to lens position, Exact values for these distances may either-
be computed or scaled from comstruction like Figures 17 and 18. When the map rays
have been determined the overlapping phot'ographs of the trimetrogon system allowed
the laying out of radial line control which covered a wide area and tied together

an entire flight,

\
Crones solution In many obliques the nadir point is very gdistant on the

s
K;L}rom position of the horizon line, In this Lase it is more convenient to Raizx
.baek—upen, Cror;; 's graphic construction, Bﬁ;ﬁkz—wﬁnd the map positibn of the
vertical line at the level of the point south’! as: shown in Figurel6é or the left
side of Figure 19, 1In the latter figﬁe it is evident that a line to A.’.B’ the
S or AC :
point :;ught S0 the vertical line is equal t? 9¢ L’A We must find this length e
seate—ol the photograph so as to get the direction of the ray. Construct the
triangle HOL of transparent plsstic like celluloid. Measure the distance IL from the
left part of the diagram. .‘“onstruct the horizon line in the right hynd diagram,
Construet a line para;Llel to the horizon throi:gh the point sought, ﬂ.

Set an arc with radius AD “Find point B by shifting the triange LOH along bhe
prineipal line of the right diagram until side HO extended is the same distance
below the horijzon as D, that is the are is tangent to both horizon and principla:l
linevaf D Now the point L whieh is vertically above N is the center from whi<;h

e tin i ik A UJM L ’A‘) For the game camera and same angle of
depression Wthe same transparent triangle may be used.
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Elevztion determinatiog_. Elevations cannfit be determined accurately in a single

Oblique photograph. Where there are overlapping pictures as with t he trmetorogon

;
systemsit is possible to obtain regsona@le d.éterminations of objects not too far
from the camera, The following method was used by one of the groups working in
the southwest Pacific in Worl{\s’a.r II but no derivation of lthe formulas was given in
their publicftion. The basic principlesi with the writers derivationJ are shown in
Figuree 2%and 21. Let m = 2 point WK whose elevationwmove datum is desired.

The bese 1line at the bottom of the photographs ai.':s the 1\»“5.%1; where the oblique

is at the rsame scale as the vertical which was taken at the same time.. Next we

‘must recognizé that parallel lines on the ground in a given direction all come

together on thg horizon at a vanishings point. The horigon line must then be marked -

on two adjacent pictures both of which show the point m, Two vanishing points V, and 2
at distance a;b(\t equal to B, the dista.nce the plane traveled between exposrues

to the scale of the X vertical pic'(’t\lre Refe ring to the left side of Figure 207

which is a drawing in the photo plane, we may project the position of m onto the

-base line., The parallax motion is d which may be measured in inches on the common

line or 1soline. In these diagrams the' elevation base .’!.S taken as this line,
-Therighﬂpart of Figure 20 is a xsection of one of the photos on the prineipal

plane, This shows that the actual elevation of m above datum is E but due to
inclination of the picture this corresponds to E! in the photo plane. Now the
di'splacement of poinf m may be divided into dl and c'l.‘a the part on each picutre of the
overlapping pair. B shows the dist.ance th;.;lane' moved between e:_tposurés to photo sde
which may be divided into D; and D B i¢ also the distance betwen the two

vanilshing points. Next it is clear that 61— Et ( [ iR d.')f IHQ where I 1s on the
fisoline. d,= B!, (a + dg)/zﬁf Hence 4 = B! ( B + d)/ IHY Next E= E' cos

angle of depress:.on] which is shown at the right in Fig. 20/; = IH' cos sa.me ang).e. ;’
Hence ' ; I5¥ 33 4; (4 +B) and E/ BY = a./( d + B) The first expression is

proved by similar tr:l#angles and in the second equation the cosine of the angie of
depression cancels out zo that our final result is E=h.d / (B + d)' In Fié\::'e 2l

the method of determination is shown. Here a datum plane of elevatioh

was established .'by a point Y whose elevation was known.
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This spot is close to the principal plane. A well marked point near or on the horizon
These points are V_ snd Vo
and visible 14 Both photographs is selected and the ray to it through Y is drawh, Thi®
is the pointvl._ Extended %o the base line this ray intersects at O which is the
and Vo
‘basge point for all measurments. Similar rays to V, are ©arayn from the from nadir
points, N and N! Both extend to the isoline, The principles of perspective show
that these rays are parallel on the map for they go to the same vanishing point.
Using an inch scale measurments are takenfrom O to intersections of oth r rays with
the’ isoline, B, the air base is equal %o the distance from the transferred at 0
It is equal to ¥,- v,
on right photo and %he line from na.clir point N to same vanishing po:lnt in right
through m 3
photo. d is the difference in readings fo rays in the two photes . His the sea le'v'el
alitude of the plane above :point ¥ If m is lowerwm than Y the formula becomes B-d
Note that B and d are measured in inches and H and E in feet.

Smith's method of finding vertical anfles. The method illustrated by Fig\zre

22 is the method proposed by H{ T. U¢Smith, It may prove confusing becau$e more than
one plane is shown on the same diagra.n\he solid 1ines show the outline of an ablique
photograph with true ‘horizon at ha' The nad.ir point is at n, the principal point at

0. In the left part the veri'hcal gection through lens and principal plane is shown.

1 is the focal length L is the lens position with lines 2 and 3 at 90 degrees

hLO isrthe angle of depression of the pricipal point; a is the point sought

lLine 5 is drawn through this from nadir point n to hori ,on at al aer M
Using n as a center linejé is an arc with radius nl, Now if a right tr:.?ngl?\ is so
placed that the right angle is on arc 4 at L' - and the sides through tf

and n the angle a! L! a is the true angle of depression of 'a‘ One side of this angle is
line 7 defined as aL' This angle can be measured with a protractor. By making the
triangle shown—mdoubte—tines of transparent material it cen be confbined with

the protractorThe method works best if the angle of de esaion ig fairly larege.

on of plane
Ilevation ﬁnd.i;g When the poin & plans , e

photograph have both been ocated on the ma.p} the elvaﬁion/{is easily computed

The formula is elevation = distance times tangent of angle. ipegamethoa WaS used

‘$o—set—elovation of plenme; “igtances were scaled on the map,
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Canadian grid gsystem of rectification.The early mapping of northscentrdl Canada

-

covered a rggion of rather low relief with many lakes.Directions were, thereforpe
little affected b;ﬂgg}ference} of elevation and it was decided to employ oblique
pictures so as to ecomonize on flying, The basic idea was to draw a system of
squares on the ground as they appear in the photograph; Requisife data are (1)
focal length of the camera ané?%ltitude of the plane at the time of exp osure.
Control was supplied by ground surveys which located definite objects which could be
- ~ recognized in the photographs. Figures 23 and 24Fhow methods used in\constructing the
perspective grid which is done on transparent material and is usable with all
photographs taken by the same camera at same elevation. Grids must be prepgxe& for
‘several different elevations close £o that which it was intended to use in the field -
for such data is derived from altim®fer readings which are subject to error through

different parts: (1) the size of the picture don must be full

ME‘- lﬂgmh.m
8i e of the original and (2) the ground with its grid must be on the desired map
i
scale,First mark the apparent horizon on the picture, compute the position of the
il ey Gt X K
true ho&zon from available altitude of the plane as explained previousl§( Find the 5

weather changes. Turning to Figure 23 we :3§§fhat two scales must be'employed for

principle point of the photograph and measure the distance below the true horizon.

Lay out at right angles the picture plane and - the axis of the camera. Draw horizon line
at right angles %o the vertical line beloﬁ the lens posifion. Carry picture plane line
across the ground 1inehhich is normal to the elevation vertical at a distance to map
scale which gives the alitude at the time of exposure, Starting at this intersection
lay out on the ground line the intersections of the gides of the.squares of the grid.
Most of the 'laboratory work at the University of Wisconsin used mile squares.

Some advise starting these at the point whefe the camera axis extended cuts the

ground line, Draw lines frpm these points to the lens taking care to mark the ~
positions where they inferersect the picture plene., Omit those oufside.the plcture
limits and those so far distant from the camera that dfawing from them on the
fﬁhotograph would be inaccurate. *urn next to Pigure 24 which is to construct the lines
which converge away from the camera in tha direction of view. Construct lines for :

true horijzon and vertical line as before but remember that we are here looking

a
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zt the picugée in the direction thg} the c-mera was pointed. Next turn
attention to the ground or junction line where the surface of the land cuts
the plane of the picture in Figure 23, On this line both ﬁap and plcture are
are the same scale. Then lay out both ways from the priﬁcipal plane the
squares %o thé same scale as was used in Figure 23, Conncet each mark
for the division between squares to the vanishing point on the true horizon
at its 1ntersectio£%w1th the principal plane. This will give us a series of cn
converging linesr each of which shows the effect of perspective on the
sides of the squares. Then transfer the transggrse divisions from Figune

23 to the line of the principal plane. mark construct lines

i

parsllel to the junction line thus making uwp the squares in perspective
Care should be taken néﬁ to show the squafes too fer away where distance and &t
atmogpheric conditions make mapping of detail very b%géé. Also omit
squares outside the limits of the photograph, ffge perspective squares are
now laid over the picture and the distance between points located by ground
survey compared with that indicated by the squares. If it not cogrect
a diagram for a slightly differnent Piﬂﬂe altitude must be tried. When the
correct grid has been found the details of the 1anscape'may‘be drawn on true
squares of the map In making the map 1£ is not seentialhto pay any attention
to équalitngf scale., The mgsp squares may be either larger or smailer than
those of the grid on the junction line.

Rich's méthod. Rich's method of rectification of an oblique picture
is illustrated in Figure 25. Like the Canadian grid method it is applicdbie
only to nearly level ground where local differencés of elevztion cause no
important distortion of directions. In‘F&gu;g_BS we h#ve a section on the
principal i,plane of the photograph, This ggggvﬁgs taken from a bluff
and not from a plane so that the alitude is small. All features of the
piéture and are full original size. lhe elevation and map parts are
at the deisred map scale as with the Canadian system. The locations of points

in the photograph are determined by intersecting lines which are based upon
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two vanishing points, We know that all lines to a given vanishing point are
parallel on tne map., Here three points were used, two for each side of the map
with thé central one comuon to both halves, The map position of these
parallel lines was fixed at the po_ints where they cross the ground line

Figure 26 shows how a map was constructed from th;ﬂ low oblique phtograph,

The outside lines of the triangle V’l Va L are ture map‘direction rays for
they pass through the nadir point of figure 25 (mot shown there).

Each point was located at the intersection of 1inesione of them parallel

to the line HL, the principal line and rassing through the intersection of
the conesponﬁng ray on the photograph to thf ground line., The 6ther ray
uses one or the other of the vanishig points Vy and V, and the line is drawn
parallel to the side lines through the intersection of rays with the ground
line The éwo side vanishing points must be far enough.away from the
prineipal plane to give good intersections, In this photograph |

a s:;\.-,tion 1ine could be identified by a row of trees and was used to give

the rnorth line,

Sumnary. The writer has endeavored to showw that the preparafion of

a base map from photographs taken either on the ground or from the air
requires neither great experience nor skill, simply care in drawing a.nd

in following auimple directions. Methods are eas}est with vertieal air ",
photographs. Dbliqug‘éhﬁ:giraphs are distofed. by perspectité but have the
advantage that = singl-e obligque of fairly-level ground or a shoreline

can be made into a map. To obtai:-photographs taken from the air the
U. 8. Geological Survey publighes a ;/p of coverage in the United States
including how to obtain copies. It I:I\ust 2180 be noted that besides furnishing
a basemap air photographa are invaluable in delin:lating the 'boundar:les of both
sgoilk and geological ¥=ps by their representation not only of topograrvhy

but also & of differences in moisture content of the soil and mentle rock

from whieh much valuasble information may be deduced. If no photographs

'y,

are avialable a geologiyt can take obligues with Ean Q‘amera from a light
plane a.void.ing such low angles of depression that much of the country is hidden v
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FPhotogrerhic meap~meking for geologists.
5emQ
introduetion. The discussion following is o rtsumc:k?ith im;rovemepts)of meteriel

4

formerly teught to gool_izte et the University of Wieeonsin covering use of photographs
in making bg$e maps. Much of the published literature on this subject is so complex
o F writers

that it is hard to understand. A common fault is to omit ertriredy the derivation of

Yiter
formulas. It has bDeen remsrked thyt much of"%%\cons1sts of "hard ways to do essy things."

For this reason many references asre omitted for their reading proved more confusing thsn

) ba*h

enllgﬁgnlna to beginpers. *he accuracy demended by meny methods is far beyonu{ﬁhe

accuracy of sveilable photogryehs.

Kirs When photogrerhic methd

possible accurscy cf drawing,
M y

o~ mﬂ«m s e
§_&are necessary. Surveylng 5 tograth is

i 8P

necessary wheﬁsgyailable tiae&QE limited by time of travel or by weq@ner T mhen ):3ﬁ“'h
N ("

pilctures are taken from aircreft., Ig mé%tains the

Yl sy

Kinds of photOQruth§. Fhotographs may be takenhfrom the ground or from the air.
with lhe exis of the camers vertical, horlzonta% or inclined. Obviously the first

is possible only from the gir.

o

. s _ 3 N V' .
Lenses. Caumerss consist of & convex lens Which throws & reel imege on a film.

The construction of a lens which gives epeorrect image eri—dn-hre—srme—plexe—nd

ol :
which sh.ﬁhs,mc;lo:s of +Re visible lig it _in one Ple.ne is not at all smurle M
Rihe almmtm./\q, Mot

Exact measurments“siiow thet there are manyperros-ffem lens construction .

In our discuesion these defects htv03£%493_ignored. It must be realized thgt the actusal
bw(d-v 5 /

1mabe : is turned 180 degress from the origir*on the

/
?;3;; Lavelolment thsa‘;xgﬁgzéﬁ a neiatlve. P {his negetive is converted to a positive

by printin helu in front of an observlrs eye at the same distance that the film
F &

—_—

Yaaad ;
was from the center of the lens it showid coinc dﬁAWit the original view, This assumptier
is used in most demoustrations end needs no further yrroof. ‘he distance of the film from

the lens is known as the focal length of the camera when it was focused for cbgects

ang e (o \’I“\“‘"‘\
at \ distancedy It is therefore spparent thet aslae from minor errors due to lens
)
and printing defects a.EgEi'm h a camere ﬁgrn:ahes a record of the view from mhlch it is
(0 o
,10931bl& to find both vertlggl and horizontal anglds of objects Pg£argd ig_tne axis of thc

i
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camera. Finding of angles enables one to locate objects seem in morc than one T
1 -~ .w
photograrh by intersection of reys jus t as is done with the planeteble.yvﬁﬂ::tﬁﬁdﬁL1,ka

Differences of elevation can be obtained from mgle of slope and distenceanr max o lltsmur

ety

Ground photo surveying.

ol v6y

introduction. Surveying by rhotographs tasken from the ground is not “eo common

since it is possible to obtainE Photographs from the air. Local conditions of

terran”e and weather may, however,wg;;;ﬁgzzéiiiy desirable. Although both horizontel and

Py e
inclined photogrephs cen be teken the former 8 easier to understand and w=s more

commonly used for map}ing.%lone %‘Jiscussed here. -
W
lgking the photogrephs. It is essentisl that the cameres strowtd be level, ket i

mues ™
Bls - 1 Eﬂﬁ-igé horizon we -shown in the rhtographsim also (¢
ok evalle] To the edge of the nc;a.frve hasibave
level. t is desirable that the photograph show not only the vertifl plan?e
{\ butTwls0 N A
through the axis ss~well—es the horizontzl plane of the horizon. This is done by

——

s mall markeriﬁaizgh register on the fiiglﬁglled collimation marks)These can be inserted

in almost, any kind of camers. Leveling of the camerg mey either be accompligéd by

r r
! ™~
etteching to a tripod with leveling head or/)placinglon a levelled planetable board.
A ¢ by haze N plack any whT¢
Blurring of the disteauce in }htograyhsﬁis avoided by using a filter., If theﬂfﬁm is sensiti
A . T Ve

to red a red filter is best. If not = yellow filter will reduce the effeft of atmospheric
R N o e . b, ool Loflon 4ol Lo 4 toma
haze o UMK |, )\mh’% MWM WMU-{{ : M"\M ‘f"h“ |
nt i Arinadd
Ground control. In(yﬂder to do effective mapping 075 known scale it is necessary
that camera locations =nd poigtg within the yghtogra}hs be located by a ground survey.
/

Tke more such points are located the greater the accuracy ELlevutionsas well as locationg

— o
2 nesded, FEAUpL [ Areall o Comenn i Sshoryt i e AR S
Ix e . == =t A
: ot ék T i vaaen an_u51£h U b\m» zeon T Wl perded
Hegistretiod of engles. 4 little study of Figure 1 shows thet sirce the film is

horizontel
normel to the camera gxis tiﬁxangles ®& from the direction of the sxis are recorded

w
not in direct proportion to distence from the central plene but &8 lhe tengent of
the angle. Vertical sngles are furtier distorted by the greater distapceof the film

o : :
frou the center of the lens toward the sides of the pl}'{.ograph. 411 objects at a given

horjzontel Tt 5ame
angie lie in.f\veLtical lineﬁbut points of the sque vertial argle lie in a gentle
A

A " - ﬂ
- s e Yo ey A ¥, ﬁm od dpvod__
o curve as shown in Figure 2__ % Mm:ﬁx& @ [Ww F [ %‘r - 'i-mw

Oar 2wy &
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Map locations. <The focal length of the camere should be known. If not, it can be found
if an angle subtended et the camera gtetion between two recognizsble points is compared
e which ; W, U=
with the dlstance’3$-15 represent?? Ey on the photogreph. Viocations of #I1 cemera
wrk,
stations shggié-be‘known\atthnugh it is possible to find such by the angles subtended by

- . - ] . “
tgiee points on th&,grgﬁnd ®) in the phkégrap zové Whose map locatlonsﬁﬂbgﬂgggfiaj

. “1he engles fAre laid out on tracing paper and fitted to the locptions on the

map just as can be done with the three point problem on the planetsble.

The direction on the mep of the axis of = photograph is then lai?_gut either from direct
observation in the field or by finding kke its angle from a poigz %% kno ompass directie
Every roint to be located on the map must be shown in two or more photogrsphs tsken from

differe:t cguersa stations. When the directions of picture axes have been platted'the

victure planes are laid out normal to each of these at a distance equal to the focal lengtk

of the camera from the map position of each station. ZThese can be thought of as the pep
locations of the ph@@ographs when held in front of the observor at each ststion at the
proper distance to just cover the original views Now we =re ready to plat rays from the

&n,je"ﬂ:% vt S e
uA camera stalions measuringrin all cases parallel to the horizoq(from the direction of the

\an® ¢
QQ q*\ axis} principal plan?) Vhen this is done for different photographs points are
;‘\«v !

located at the intersections of rays just as with intersections on the planetqble.

Czre must be taken to use correct identifications of lines so that the right intersection
is used of the many formed on the map. When enough intersections have been determined
features shown on the photograph may be sketched in.

Elevetion finding. Fig. 4 shows & graphic method of finding differences of

elevation from the vertical augles recorded on the photogreph. One must consider the
fact tha the distance to the photograprh increases towards the sides_jc that the scaled
difference above or below the ho@gzon line must take this into considerztion as shown.
It is evident thet the grecter the vertical angle the greater the accurscy of this method
of sMolution. It czn be used not only to find elevations with respect to the camera
i g~ WA N
station but ad to find the elevation of that stétion from a point of known eleveation.
K duplicate '
Stereoscopic examinetion. If photographs are taken of the same view from points

at least 50 feet epart the two pictures c@n be examined under & stereoscope which
A (SR o ———
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}&5*&Qg€
gives a vastly ennanced preception of depdh compared to thet of oralrary eye vision.

/ endothe featvre?
Such de;th preception greatly increases the accuracy of sketching contours.n Methods of
stereoscopic elevation=finding descriled under vertighl eir photographs could also be
used to determinephorizontal distances to points which were not locsted by intersection.
Generzlly enough points will have both position and elevytion,determined tha} contours

cen be sketched with reesonable accurscy. i pos

Limitations of method. ‘he method of mapping from ground photographs is Mesided in

aress of aéé%ﬁght forest or brush/Zrowth. It is herd to tell when gg%'of an srea has

been photographed in at least two views whoge directions cross one another st a big enough

engle to meke intersections reliable. The method is best adapted to nezrly treeless
reasonably

terrane where atmospheric conditions permit good photograsphy and travel isﬂfasy

to t=& commanding cemere stations yana agfe cover aimm the landscape aeeesebely without any

large concealed areas.

Air photography.

Introduction. The ter m air photography is preferred by meny to the older

term agrial photography appiﬁézlto photographs taken from aircraft. Athough
v e bnagy Juch €2
photographs have—been taken from balloons and kites £n’—e~;eg—¢;me it weas not
A

until the development of the airplane that such an ert came into its owm.

3 (m-)

: 2070y : .
Fhotographs taken from considerable alitudes.may be directed, as nearly vertical ss

4) A A
possible thet—iﬂ(verticals L

with camers axis inclined. obli Egs)
 vertd iy a op(oblig

Obliques are divided into low ex(near vertiqal%]and high which show the horizon in the

/

viéw. OSome methods of surveying combine verticels and oblicues, Many obsticals hed to be
overcome in order to secure satisfactory eir photographs. <lhe amount of air

with included dust and water vepor that lies bgtween camera and ground, static
electricity which gaffected films, altitudifand course control of the plane zre

a few of these. Hsaze is overcome by flying only in good weather andTLsing a filter.

Some photogrephs are now teken with the invisible infre-red rays which give maximum

penetreticn of haze.fecame ﬂ%‘ C{r\g,a Loy mﬂwv"m ﬁ;rI
' N
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Geometry of vertical photographs. Few intended vertial photographs areE::i;} vertical
It is very difficult to fly a straight course at the same sltitude without some deviatioq/
from verticellitye ﬂutomatic control with e gyroscope is impracticable beczuse of the
wiight of the an#ég;;;t roll film camera used for such a purpose. Were two conditions
met the photographs would be true maps of the land thly show. These zre: (a) level land
and (b) exact verticallity. BETEtIB‘UP‘EEit will be considered below. Figure 5
shows thet hilltops directly under the camera are not distored in position whereas
those towerds the sides of the picture are displaced outward from the center:ﬁz; piw;;ﬂr*
A straight line passing over a hill is di‘g&%rted near the nge of a photogreph.
Figures © and 7 show more of this phenomenon and how the difference of location of
roints in sucessive pictures enables one to see the country in relief when looking at
one picutre with each eye.
Stereoscopeg.:ieveral devices are possible ef—mwe to attain the sbove end. =

Feilacs o

Thse i§struments_gre called stercoscopes. Common types ere (a) two convex lensesrpn e
- ——

stang3one over each pﬂotograph (b’ a combinstion of mirrors or prisms dividing the lines
of vision of the two eyes sometimes combined with ministure telescopes to secure

an enlarged view. -Iﬂe mirror type enables the observer to see all of the area

common to two overlapping photogrephs at once .Hith tlpegaikhere are apt to be

"blird spots" which cennot be seen in relief even if the edges of the prints are

trimmed. (c) printing of one phot ogreph in red and the next in blue or green.

When the two colored picutres are superimposed in printiﬁg the result is called

en ensgzlyph. 7To the eyg it is 2 blur but whenrfolored glssses are worn one color
is seen with each eye and the result is stereosocopic vision. A4naglyphs have never come

VR

into common usge in part due to their cost, (d) projection devices which projecté?ucess%

pictures onto & drawing board in alternate red and green or blue. When proper glasses

- - 3__
are worn then a relief model apears to ﬁééiﬁfé%£ the board, 5”“4-dﬁ”“04 h;:”¥fu“*XJ£?A
| T2 VP C&*(.H MMWW‘J‘_) n

= I
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Besides the use of intruments it is possible to see two photographs of the ssme area taken
from different points in relief without any aids: This abilit? can onlﬂbe
attainred by practice and all persons cennot aoquirer%t. Various methods of practice
have been suggested. Of these the most practical seems to be to relex or "dai@ream"
until binocular vision is lojst znddpfsingle objectjappearg double. tIﬁen the
Lighdirnte—oi _tie two pictures can be shifted until i stereoscopic vision is
obtained. It does not in ani:iray injure the eygs but is ugeful for cqualatative

examination only and Wot for 'mapping.

Definitions. The center of a photograph where the optic axis of the camera

\h
intersects the picture is called the L{incipﬁg point.1¥§t is found by lines drzwn

between collimetion merks which ney be either in the middles of the sides or in the fewa

corners of the thotogragrh. If the photogrsaph were exactly vertical then t@ais point
would coincide with the EEEEP or nadir point which is verticglly under the plane at the
time of exposure. Lacking knowledge of tilt it is necessary to assume coincidence.
Principal points of adjecent pictures are shown and may be located by transfer
for there is intended tole about €0% overlap. Many suthorities recommend setting the
adjacent ;ﬁ?pgraphs up under & stereoscope when the principal point sppears to be
located on the other photogreph and may be marked. FPractice has shown that this method
is not edweys reliable. OStercoscopic vision is obtaired through a considerable‘;ngle of
tolerancevand the transferred points may be a censiderable fraction of an inch out of
place. A4 better method is to measure the distgnce of the ;rincip:é;point from negroy
definite fegtures on the rﬂ%ogra}h and then trgisfer thezgtdistances to the other
points

rhotograprh. Of course this does not work when the fxzmzfex fzllx on water

The line joining transferred with original principﬁ%:;oints is sssumed to be the line

of flight and %ﬁ:::;ﬁdgﬁzrgb not always 2;i£2;n a straight line. Tilted photograrhs
heve the plumb point separated from the ;r%%ipal point. 4&s will be shown below
the axis of tilt lies half way between these two points end is normal to the line joining t
them. A point on this 1fXﬁ*l§§iﬁ£Z:;éth the two points is termed the isocenter.
Height finding. It is evident from Figure5 ?ﬂ’that the position of points at different

elevations differs in sucessive photograriis of the sene gres.
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It is possible to apply the principles of parallax to obtain a quenitative measurment
of this in terms of difference ir elevetion., Parallax is defined s the apparent movement
of en object d=keh in reference to some plone of reference which is duvue to ths real
movement of the obeerver., In thie enso the real movement is the motion of the plene

£ . -
between sucessive exposures, the plane of regrence Athc lower ground shown in the
;icélkejand ths apparent motion is thet of ahilltop which rises above this plens:

Y 3 - jul b 3 L2 -1
i -4 IEW0 10 18 Ppparir:-—-l;_* ro—have—t Tonsl ETI"EH the
e S — s — —
m

ovement of the plane B ie in camec priy

..1_ .

, W
as the retio of th Cﬂgvbt of the hill| ebove datunt ies to its arparsnt dierlaccmcn?é\
. Moo 0 : -
We cannot measure either B or ¢ except on the ;%?ograrn:. Bxis The averaze of the

g b
distance btwescn sucessive przncl p01 ts on the two photo<raph£ és the real distgnce

Aﬁ Kpbn|»¥
1%n the sxe 2ir timas the scale, and the ap arent displecement is t%f which could have
Y
edr® Hence we may write b H s1dh 3

detum plane. oA Hbtaﬂw&4¢ qéf‘¥bw4_,h*~

been obgerved from the plane timcs the scal
where dh is the height of the hill gho

dp where Solving this for dh dh = dp .?;Hiﬂ "
A A ety Mg
Elevation of the plang shove datum Al1titude of the plane from which the photo-
graphs were taken is found Xrom gimila agles =2s shown in Figure 9.
‘tl —
Here eltltuﬁe is propor thne gth of a given distance on the vrouﬂd as focal

length of camerg, f’is to t distance in e photograp@f”

We may write Het gst fs Now in country covered by the

S. lend Surv Aiib T

£ identify section corners on thg rhotographs,) We can fhen messurs the averczge length of

z mile between the different corwers shown. It ip bﬂf ontakec Ahe npNth~3

1 4 : N, ; '
gideg of [dectisps Pncethecy mgre KoR the mogt »rt mbre\sccufreotely surveyed than
N
the cantl-west distances The above fyrmula mey be substituted for H in the parallax
idh )

equatictndwd we find that dh = dp.z.f/\bem Now dp is tekeon %s a unit of the

scale used to measure parslle x differente, g is the length of\a milf/fzao feet,

'-\J‘
erd £ iz for many cameras 8.25 tnches. f\parallax iz meagured in m ma ]
% M o
Ahondh{foct or mm) = 1. 52807 825" / b n i gmd To ekenge'mto inches multiply
7 , et
by 25.% so that +the different units halance odg snother=¥e 75 Novs the finel formula

G gmin =3 A) 2 rglues of m and 19
\

N

18 /% mt  Fiourell shows the yelues
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It is clear that we must assume (1) that the picu.t'es are exactly vertxcal with _
N
nadir points coinecident with principal I:oints, end (2). taken at same elevation

above the average ground surface or plane of reference and that the ehight of

objects on the ground such as & hill of height dh is a small amount comparted to

* the elevation of the plane, H. “hen we can ignore for simplic{ity the elevation

bf the plane a'bove the hilltop, H - ¢h “he pi'm:ft_gugs were taken after the plane
flew the distance B which is impossible to measure in the air, Tﬁi’s_s f£light

caused the apparent movement of the hilltop by distance x, which also can._not be
neasured. ﬁe’ problem then is to set up two different values for x in terms of
known q uentities }equ'at'e the two )a.nd thus eliminate x from furthr consider‘_t.ion.

We will first make it clear that the total distance the hilltop moves on the

BENOEREls B O3 el 04 T0o oUn of dl 'and d‘a @jso that distances in the photograph
P : : ;

are related to the distances they show on the ground in the ratioc :E‘ﬂ!t This is known

ag the scale ratio. From the above it is clear thet dp 't x :: f1 H Whence
x+dp . B /f

/\A lso by similar trianges it is obvious that dh : T3 H B whence x & ¢h .B/H

We can equate the two values for x and thRn dp.E/f= dh.B{I
If we want to find dh a difference of elevation in terms of dh, difference in
r s
Porallax solution of the above ylelds dh = d-p.HE /£.B Sincelrb the distance
s p 52

¥
between successive nadir points on the pho#os’r\ﬁ £/R By suhsﬁqtution)to vse -

quanities wh:.ch we can easily meagure dh= dp.H /b, Although this gets rid of

]
f which is not always known to the user of the photographs we will go forward
another step and express H in terms of iimx a known gromi@-. distance, m g and

m, the length of this distence in the photograph, Hemce H = g.f/m and thenlywhs-h'fvi.,
dh = dp, &. £/ b “he gsimplest thing to measure is the length of a mile

in the phtographs if section corners can be identified, Now the easiest thing to
measﬁre ig the a._r;xoun’c of elevstion change represenﬁed. by a millzmeter of parallax

difference. (&-he focal length of the camera must be knmown or eewhi be found vy

working t-he above equation backwards wi'i:h a known valmge of dh, The dlstances
a of

» b and g are readily measured with a scl:{.e i:r inches nad decimal div:.sions therof.
A

Nmb (7% !to bala.nce the equa.tion by u.s:.z.g similar um.ts of measurements in both .

y e A



&B 73--‘ .

numerator an& denomenator. Turn1ng to unit5 in the eqpation we desire
first to change all to millkmeters. 11X, 25&4:: 1,5280, 12.%.4 -8.,25.26, 4/
b" 26.4 . m"-.25 4 Cancelation and transposition simplifies this %o
dn'! = 5280, 818? o5y /%" ot o 3R , 25.4 or dh in feet = 1?15/ b "
Eigure 10 is 2 diagram showing values of dh for &if;erent values of
b angd m. “his is assuning f = 8.25" and the photo scale“g close to 1: 20000
&8d the standard ground distance is one mile,

AIts use simplifies computations greatly as no obgervations are necessary other than
messuxment of both b and m with a scale aivided to hundreths-of inches.
mis preferably mé:gsured élong northﬁaouth section lines which are more precise

than east-west distances on account of the method of surveying the land net.

] 3 / - )1
L] 350

-5
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lengths interpoletion suffiecaas.

different lcongths of a mile orn the phedesreshs, For ob¥er
: .05-

for it is rot poseible to messure dp closer then abbut 1420 millimeter. The

] 29,000
with a focal length of 8.25 inches. N want tole very particular we could call H the

altitude of the plane gbove detum plang in vhich the expression would be H;?. Computation

We now have a- "multj

1lying fector® by which measurments cf perallsx differgrez ezn

%

be converteduZ;/ﬁlév-tion difference. <t is given in millimeters since most

instruments that unit ir measuring parallﬁx\huw“~mm'4k ~ [77s quaﬁpjp ey /}
)
Scale errorg. We have seen how alititude H}affects scele of the photographs.
)

The trouble is thet it is very difficult to keep the same altitude in flying and hence

no two pictures are exactly the seme scales Ta compensate for this it is absolutely

necessery to heve some dl‘s‘t*‘""ﬂqsl"",“‘ in the photegrarhs aetually measured on
the ground by ordinary surveying methode. Eaia¢ap%etWEEn‘whtth-diﬁfaqggg’ére

dete oS = : g € . 'Iﬁe rrineiple applied to correct
4

for scale deviations is equﬁwalent to planetabling from the sir. Directions are heidto
ke more accursic tha% a2p- distances seeled ﬂroa-tgg_photo*“~ph= Directions mﬂbt”

£ Voo lo— Y S ﬁw-L,ERAk o —

A

Wl‘)bg messured from the primcipzi—roint senter iz gemerelly unknmm.a*) A A
- Laba.. 'LM— Ge ’NN-‘C

To apply this in practice we may meke tracings of each photogreph with lines from the

princ%?l point to points which can be seen in other photogreghz snd in those of

the adjecert flight. As—meny ﬁ%ints near the edge of photographs which also zppear in
two other photographs of the sama flight must be¢ inecluded. The dirsction anda
epparent distance of the next prireipal ;ctﬁ%ﬁﬁggrtlso be s:l'::r.\mtrr shown in qig. l’
Somc of the points to which lines are drawn must be points tm between which distances
were measured. If this is not dorne the resulting map will be to the seale of the
first photgrzph used. Next these~trezcings must be svperimposed peying ettontion to

: Al apoinT These Shovld eayep with
having three lines intersectlgp as meny placee mg possible andlgﬁe points dm qi;acent
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flights. This process of locating points by interescetions ig cxnetly the same

as plenetable surveying by intersectione wif h the sdeme teble stations at the plumb pointe

below the places froﬁﬁ%ich th?photographs were teken. The great cdventage over surface
surveying, however, is that we can intersect points which wonld not be visiblc from the
on N AToumd (a

locations of the table. , The same precautionsz of intersections ofﬁgorc than 30

B

degrees anéiic certain location withowvt 2t least three roys whick intersect at =
A method
point must be oboerved. lhe zxq&sm is cqlled the radial line system. Note that there
are tawo bhay, = 6vhT theorihrca]fy Sl
isxaf inherent errors. ¥ ) ke rays showdd be drawn from the isocenter whose

A A little computation
shows thet neither makes sn importent error on the scelc gg'zhfch most photogrerhe ers
teken. Ths method compensetes for elevation distortion although theoreticslly
150
o
gsuch should be corrected by lines from the plumb point whose location isnuhknown.
wosvVMP _——
Aggin the error is smell if we cowsiter thet the principal point of the photograph
coincidss with both plumb point and isocentor.with 9™l AN n"‘“‘\\e

Meking the edjustment. Mcking the nscessary adjustments for the radial line

(9]

eystem with tracing overlays is troublesome and time-consuming. If o big job i

undertsken other methods mvst be useds The cverlays are cclled templets and can be

: 4
made either of carboard or( lotted mgtel arms. Ir both the interseeted points are
: wlrn o hendnds, v (s
glots in whieh buttons can move freely and mnke an autometie adjustment. The principal

points ers holes which remede ! in corresct reletion to the slote around them. When
adjustment is completc the locetions of both helzs ard buttons are pricked onto the
map. It is best, however, for beginners to uees tracings and not lean too heavily on
devices which, would save time for a large mep but are not essential to the basie idca.
nﬁw :

Instruments. All measurments of parsllex must be mede under a stereoscope.
Although one can make approximete mcasurments with en ordinary scale accuracy demends both
magnificetion of tkc photograph and use of a micromctor mcasuring dovwiee.
The expense of a projecting deviece is not Jjustified for small jobs and =2gain it is
best to not learn to dercnd solely upon slaborate intstrurents. Two different .

types of instruments =rs in use which are called stcrencomparstors; that is they are
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o

[ =4

primerily instruemfmg for measuring perellx differences. Onc uses a lens stereoscope;,
N

another a mirror instrument{ which enebles ths user to map a larger area =t once.

Cne uses e circular gﬂaga to make measurments, enother a micromoster scale. The

cireculer aéage is easicr to resds Although it is not essentizsl most instrumentsz arc

drew 2 ma p as they arc moved aerose thc rhtotzraphs. “he sketehes made with eneh iagﬁfgﬂ
ingtruments must then be adjusted by cyc to fit the mep mede by the radizal line mcthod,

Most instruments have the pencil loestcd in a very poer rosition behind the moving

stereoscope which makes it hard tec 2dd deteilz by cye sketching, Another fanlt is the

use of a drafting mechine which is too light for the heevy sterecscope. A double

A} ~
~—

rrarallel rule designed by the writer wouig:he much more sturdyed o wa L

m

Settingup photogrephs. <o prepare a pair of adjecert ph ntovﬁsba ei=={s °reoEaid))

\
for magggn;L It must be sect vp with the line joining the rrincipel points of the two
e . =
I~
pictures pqrallel to the axis of the stercoscope. This is generally accomplished by
front siss- or back
a strdazhbddpe rule vwwhe instrument. he two pictures are then stepled or teped into
position. The measuring device congits of two dots which must bo made to ecoincide
with the two images of the same point. A motion at right englcs to the line of
flight ie provided and must be used for this purpose. Dircettoms—eleng Fhe line of
1> an
flight e=e called alews the x exis, sa‘r this sidewsys motion is=0glled-the y motion.
Verticel differences araiggthe z exig, When viewa{ogether the two dots merge into
T /1
one, A great trouble with beginnerz is that the eyes m ekqﬁthe dots merge as long as

ettention is directed to them. More experienccd observers see the dote as one but it

appegres to £1ot above(or below) the surface of the niﬁgzz::£¥L15£_imaae. A surer way

A
is to use one aye at a time and set the lsft dot to.2 given definite point, then set the

T Ve An ety vy U Atrnns
right dot in the eame way,snd read the scale. Some scales cen be set to 0
Then the dots are set on snother point end the reading roted. The differernce iz the
parallax dlffg;gnvﬂ vhich is multiplied by the proper f actor to obtain vertical
differenc%hﬁﬁg;esthan one independent =ctting of the dots is ncedecd hefore en

gssured velue is found. If one of the peints is e known elevation from a ground survey

ther =z large number of 5pot elevations cen be esfeblished. hﬂ"““bx LUITd"“’“JK‘



Drawing contours. %When all points have been platted with elevations it is time to
start drawing contours. The problem of sketching lines of equal elevetion is the
same as that met with in the field with ordinesry surface surveys. Before accepting
any location it must be checked in more than one photo of the same area wherever
possible. Never draw contours where you cannot see the ground in at least one
picture. Try to meake the drawing an real interpretation of the ground form and not
a mechanicel interpolation between known points. Note that if two views are taken
from each camera station with camere on seme level and separated by 50 feet or more
ground distance these can be used in an .rdirerv stereoscope thus getting a better
idea of topographic form than can be observed either with the unaided eye or on a
single photographe. All that is needed for a ground photographic survey is an
ordinary camera properly equipped to take distant landscapess The camera must be
levelled for every exposurcs FPanchromatic film with a red filter is best. Some
form of ground control must also be surveyed to find position and elevation of as
many cemera stations as poss ible. Use of photography on the ground is still a
good method for:surveying some areas. End
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To set the pictures to obtain stereovision those for the lens stersoscope should be
heve common points not over 2.45 inches apert. mirror stereosope requirce 2bout €.1 to £
6:? inchcc between common points. Uqffge gtereovision &%wi3¥l commonly
#ebeceuge of fgilure of the drafting ;zzg;ne)an&—not motion of the pictures.
Tracing of streams, rosds =nd other features of the map should be done with left dot
only since that does not mOVe7<1%%§:§§%teh}¢mhkkb'r casier to trece if you scdentuate the
different features with ceolored peneil, sey black for man-made features, blue for weter
Yand some other color for contours, #¥—drawm. -
Contouring. “he ability to sketch contours by oye sdesmoc appcars to bhe rerc.
: L\ elevpdion
Most users of air photogrephe W3 nccd to cither (a) determine manxmfoints
or {b) sct the dots to the proper distance for a given contour elevation and then follow
ground the seme level watehing thet ths dots do not %£Larate when attention is
dirgeted to the ground znd not to them, ?Q?jcctic. deviees use 2 stand to carry the
pencil with e small light above who=c clevetion ean be changed to fit a given c{;tour.
With thig deviecs it is possible to actuaelly trace contours very accurately. Practice and
the ability to ;g%ger topography in contours are eggentizl to obtain eatisfectory meps.

Effcet of tilt on seccuracy of clevations. Fivure 11 ghows how e square on the
. - /"
4™

ground is d*stnrtednas a result of ti Note then on onc gide of the axiz of it
WUAW
points are displaced inwerd tewerdihe iseeember end on the other side the displacement

from true position normsl to the axis of tilt
is outward. Figurc 12 demonstrated th=t the amount of dlsplacemenjqin the tilted

photograph increases epproximately as the sqguerc of the distance from the axis of tilt,
Figure 13 demonstrates how gispixx tilt mey be divided into twe components, right angles to
the line of flight end parallel to it. It is the_6££v4%ﬂﬂf % 5 mh:;h_dffects parallax
wha, a4aL#-¢vw¢wan4 $N¢u»wgﬂu?—q£7

difference messurmert rarsllel to the line of flight, ﬁhﬁtnsnie¥e¢b§'—‘

Detection of tilt. The dicgroms may look fededy eimplc but we must reomember thot

in preetice the locgtion of the oxie of tilt end plumb or nadir pcint are unknown.
U
Tilt ie noted (a) when prorallex messuremnts inpf direetion very for thc seme clevation
in different parte of the sieregspair, (b) when you rust use the y movement of thec right

2.\....; L e vv‘_.-..

hand dot eemsbesmidy- in moving across the photogrephs.(c) when zeale et same olevetion

£

sries in differert parts of the same photograghs. The first two are most commorly noted
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1P'Corrscticn of tilt, error. Meny sttempts have been made to correct errore in
elevetion due to tilt. o direct and fully satisfactory method of finding tilt

aind
a~
hasiever been dis/ covered OCnly och mﬁthoq*based on sczle differencaswﬂs

Friod %Me w hJLN,.Q A4 kot
erz—si + Other methods involve 2o much of a cheance of error in drafting

thet they ere of 1liitile practiecgl importance. With projection mctheds the relief model

e

g mede to coincide with at least three known clevetions witkin a photograrph.

The sccursey of tilt of thd projecting lantern to compencate for tilt of ths eamers is
Vs
ther dspendant cnbscutcness of vision of the operator., Omc method of minimizing the

effoct of the componert of tilqnormal to the line of flight is to find the toiiﬁ
M%.v' s oo ) Ao v Syt m
\-par e.xhof a known elevetion point on one gide of the pai‘x"(‘ % e - ~eet—to—this

A e PPyt
&iﬁtﬁﬁ?ﬁrpiis foint is fastencd with e needlc driven through ighan enother gmix
ree Fhis dastance 5

known point or the other side made to e&sﬁ.&a with @& makirg gllowance for eny differecmee
of elevation between the two points. Theorj{etically this method of turning one of the
rhotogrigphe should correct mainly for error in transferring pr%%ipal points T% cer;ﬁﬂ;(
e 08 - : . "

#e way compensate for the component zlong the lire of flight, The bhest answer seems to be

not to depend upon parsllax diffcrences if the disternce mpmek on the photograph is too

great and to confine gll measurments térregion near to the prirvecipel point where

tilt distortion is et = minimuma{?gormulas have bsen worked out by which relestive

e

e
1// tilt of rhotographs is accuretely determined but since the actuval tilt of neither one is

known the formulse will not he repeatcd.l;?;'/

B \ s
guxﬂ‘}j' Rilin's method. T 5d o scele differences suggested by Ehin ig—43liustrcted—tn

end elevations are knomm
= e

B
(2} Set your detum plene et the lower point. LowAwir &JH&N&*UAiq gﬂuﬂﬂuﬁ'b hﬁfﬂ%p

0
i  § 0 e T = Focal B¢ § .
(3) Compute elevzation of plane( scc above) 5-3 £ﬁ, M‘MA. ] A ﬂﬁjy } r
bt Owa)mwjmwﬁ@%%w
W
In

= A

—

. (4) Compute elevetion displecements sssumine here thot rrineirzel point is close to
P ¥ ] F i F

Yy

plumb point IDisplacementsnare 2ll outward on these liree gnd found from the formula
i hy L

Elevation of pléna : height% above dztud:: Fepleeemert & ¢ distance of the point on

A —
. ; h
rhotograph from principal point)R) Solvirg for d, dx = :kﬁ/” Fesult will be in

; {
unite in which D ie mezsured on the pho‘tograph,fhln@; whf/‘a,



Ml

[Note this is reeciprocal of ordinery method of measuring scale w‘nf"" is G/P)

g

— 1
i W 1:@
(5) mark corrected position of each pointe t us bringing them e£ll in ssme plane.
N

(€) Iueasure on the +ho‘to~ra ﬁ“ digtance between the three points , P

Look u MR % Call sides of trinegle h, m, and
(7) Qnmpaaevthn ikh factual megsurment of seme distances on ground or

(8) Celculate scale of each side of the triangle by formula ¢
¥

J{—At:
The sceles of the sides are given as Sk, Sm and Sl.% /‘vfﬂ‘rﬂ( )?“ﬂb“"v ““’( &W‘“‘ /“4{6{

(9) Find the rrincipel point O and draw perpindiculere to it from edch of the three sides
th o
Measure distanceg on photogreph of L, M. ;¥ Lay off thesc distances from opposite

seake
gide they were measured giving the/\poin'ts h, m, 1./ If the perpindievla
e side of the triange but on an gxtension of 1‘t/thsn lay off

J a ow Ly /
an cxtension et the o%@er end so thet the midpoint of the

w is midway between the foot of thg/terz indicular

\

ends of triangle

should fell not on

and the scale point. ' /ﬂ'eﬂ- 5” 5’""5"
(10) Find 2 point a on lire k1l from fomuls, ha = hl{Sh-Sy(“ (8h-s 1}/\ NCh =5/ ' _ )
(11) Drew me which is sv;;cegxtﬂ be e'linc of conztenf Hcale ;MW

Only the axis of tilt hos e—eous \'-F scs “"(i“éz- trus f:’c’alc. Sealeo—crptiriz Iive—is—ret—

/

T 4 rus seels. Drop e “\"p"rdicular oc /‘;’a mz from the prinecipal point s/
Sh—=
and enother 7 2 or 1 whichever dist hnce is donger. 0‘5:‘
i - is ,1 EL4§5¢0¢
(12} Find the rete of chenge in sc:*.l\.A-.'t o t”ror formule dS = (8h-Sm)/hb  Whe Ld g

)56, G am
(13) Find scale at Onfrom S= Sms (Cz}‘, \(dS) when o ie on geme gide of me =8 h or S,=

X
Sm-(oc)(dS) when o is on samc silc of mf is 1.
E / \
) /
(14) Angle of tilt 1d gin t = f.dS/S;f vherg f = focel length of ceomera

A

(15) Loczte plumb or nadir poi nt, f end icocenter, i, on the linc se on the side

\
toward the higher scalgon = f.tén t end gig f }\tan t/2) ol e g ol
b (;fmd{' +4én t e SR /2) df e e

/&d? f~ 0T .
(16) :ﬂ til t ie largc repesdt all sters but substit w—t’for o in step §

Then S1= Bo = (0l1)(dS) ir/Step 14 and H = £/8i in Stdp 3 In Stepr 4 d= (h .R)(fe x sin t}/

(H.f) which is T—on nedir gide end = on prinei sl roirt\ zide X = perpindicumler distance

from image poirt to/axis of tilt. S$=p= >
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Insert on p. 12
(9) tass that the scales epply to the mid pointe of the three sides of the triengle.

This is not Rihn's method which wes to erect perpindiculsrs from each side to the

pitincipel poin However since the change in scale glong any line is directly

releted to distarnce this method hes the advantage of simplicity.

£i98x (10) Draw a ‘new t@éﬂé&le through these points and find the location of the same

scale value, m on the side opposite to that point. This is solved by simple proportion

Just as if the scale values were elevetions, mxdxnsk

(11) 60n4y§t this point to the locetion of Sm. Now we have a line on which the scale
is constent and this line\is pergllel to the axis of tilt.

: . . shotdl
(12) The next step is to d the tilt angle, t and this will en_able us to locste
g

n the plumb or nadir point of a line normal to this one which pesses through the

principael point, os We must dranslete scele into angle of tilt to do this.

lne fundemental step is that schle = £ ¢+ x sin t where t i fﬂngle of tilt, f the focal
H

a
length #né H the alitude of the plane end,x = distence of any given point in a stright

m Por
1in3¥f}:;*:$; iaocente71 Let us t

-/A

un
e two random points and call their scales

Sa and Sbe Sa= f+ x8 sin t and Sb) = f+ xb sin t Check this with Figurel?2 where
H H

x = ia or ib, Now subtect the two sc

H H

/
es Sa—Sh,=(f +# xa gin t)“<f +_xb_sin ﬁ)
multiplying boeth sidee by H, H(Sa-Sb) =\gin t (xe-xb) \

Now let dS, = Sa~8b where dS is the rate §f change in scale per unit of distance on
xa®xb

the photogreph snd it is clear that g in t = HodS Let Si = scale at isocenter

end consider that Si = f—fH and hence H = f/5i) Malfe a substitution to
sin t = £.d5/6i Now we do not know the locetion f, the isocentsr azs yet so
for the present will have to use So the scale at tRke nearby principal point.
In practice the determination of dS should be on & line normal to the lins we have found
to show constant scale, that is a normel pesesing through o. f must be known for the
camera used. So can be computed from its distance from\\he line of constant scale.

(13) a study of Figure 12 shows that the plumb point and isocenter must lie on the
gamexside of this line through o towsrd the highest scale.

(14) Compute sin t and for a small angle sine and tangent are naﬁ much differert



{1 3 Find the velue in inches of on and oi by multiplyé ng f by tangent of t /(

(16 ) ealatﬁ these lofation§ which can be used in redial ajenline drawing.

The weak point inlbove computation is the correct determiration of dS becaue the

dxi distance between the points et which scale is known is not easily found. Neither
Rihn's method nor that here\ proposed ima’oa and reliable. Reaul‘tsh;:are for the most
part much too great. A.poss ble way out is to halve the value found on the basis thet

using the midpoints halves the\real distances but there seems no valid reason for this.
for instance the length of = 405

It would be better if we could tzke s hort scale lines/‘in different parts of a

L=

Cnnadded, frvotddodds
phot ographﬂs &-‘hhak‘i‘ﬁe distances

has not yet been tried but offers 8istinct possibiliites

\

etween these could be found, 'i’iw' method
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Oblique thetozraphs.

Intr~ductisn, Oblique rhotographs heve the very greet zdvantegs of inclivdinc
mors lend surface in the r*&dﬂrcs with 3;;4 flying then is the cese with verticals.
Degrec of afliquity is measured by deperture from verticallity. Low oblicucz not
far from vertical cmn be treatcd much in the same waly es truve vertieala,
ey een be projected as vewhienlerceflifiv he recfified *h?"optécal means
High oblicves include the horizon in the field of view. Such require specisl

treagmret to meke meps. Requirements for flving to teke high obligues are by no

Vv
~w

meens 2z rigoreus e for verticals.

Perspective geometry of mkilimuez.rhotographs. The tranaformetion »f

rhotogrerhs into maps is a probl.m in solid geometry. We may designate the P
pozition of objects by meens of vertiesl snd horirontal anglees from the rlase =t whieh

the picuﬂre was teken, Theee sre what you would measure if you could have set up
: o
g: telescoric slidade or & transit =t the point of exposurs. Tr the fo]ling fizure

(Fizu 1°) lines of c.quel znzles are shown for horizontal oblique and vertical

gurs
rhotographs. The horizontal photogreph previously discussed hes lines which
eprroximete a grid whoese center is the exis of the cemera. In = vertiecal
: tt

photoirarh we have e spider web pappern with its center verticelly below the
cemere at the time of exposure. In 2 high obligue it is a grest help to be.able to
see the horizon for then depsrture from a level planec ie easy to find. However,
both westher and topography mey prvent the horizon from being seen.

Horizor. Wc must row define what is meent by horizon. The true horizen ie
g plene normel to & vertical lire through the plesce of exposure. The apparent

horizorn which is visible in msny photographs is lower than the true horizon beeouse of

curviture of the ezrth which is{?gightly offset by atmospherie refraction.

' in minutes whp roxinates
‘he angle between ths two = ul_ézoé—ag the square root of the elevetior of the

-

gne in feet. find ue horizor we mus knew tion,
pl feet. To find truc horizon we must them know elevation

Importence of the rlumb point. A11 fines of equal horigontal angles eonverge to

e point vertieally below the camera This is the locetion of the vertiesl angle of

90 degrees.



through the lens of the camerg, Note thgt this horizontrl plane of f£i

corresponds to a map.Fig. 18 shows reletions in the plere of the photeograph

ineludinz its extension to include the plumb point which is not in the pieturc.

Problem of directions. Our r.oblem in meking a map frem an oblique ie to find

m&“
directions brom the plumb lire 1ocation of the plane te -points in the

rietures. When this is done a radisl line plat may be made to tieﬁ one photogregh to
another cnd to find mep locations by intersecting reys like chots with a plaorne table.
There cre ¥» two possible ways to fl:d map direetions. One ig to draw rays from the
locztion of thePlumbTigéﬁE to the true horizon. These will cut the éame inuarceig

on the horizox line andrérue rays draw n in a horizontzl plene through the lens

The other iz to find the reletions in a gk horiszontsl plane through the rartieuler
19 ard
point which is to be located. It is glear =s shown in fige 20 thot if we ean find

the distance to picture scale of the/}plumb lire at any level then a rey from it to
the point in the picture which is to be located can be drawn. Choice betwser

the two methods is larcely s metter of convenicncens

é4nzle of depression. The angle by which the czmere exis is depresea{below the
horizon ie often czlled the angle of tilt but since we have defined thet 2s an angle fron
vertical snothor term will be employed.Figure 16 shows hov this is determined.
the gpperent herizon and the clevetion of the pleme camera

the angle is computed and platted. Knowing the focal length of the cemerzs the position

-

of its exis is laid out end the angle meacured, From this arnglc of depression

below the true horizon the position of the plumb point is cesily found.
cach o8
Locatins plumb roirt on map. If we can draw three rays,to tkree points in

/\

A}
the photograrh whose mep 1or~+‘oﬁ57‘ knewn sither from 2 ground survey or othe

2]

ctogrepns the tracing bffper solutiow of tho fouilicr three
will lceate the map position vertically below the planc position from wlileh

the rhotograph wes taken.
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Crone's graphic solution. The gseeond method of finding e point from whieh g true
often
rey may bs drewn in an oblicue is,more couvenient than the offset on the horizon
/
which was standerd prectiye with the trimetrogon rhoto rephs taken during World War

abrams rectoblique plottcr did this mechanic_ 1y.

I1. A‘Fus 1= the easc whire the angle of depression is small snd the distance in the

pleture plene to the plumb peoint is inconveriently long. To firnd the radius in the

plane ir whieh the roint soj7ht is loceted shown in Fige 19 end 20 ge

PN‘]VL muct consider in Figl 19 the triangle HP® ’fhere shaded. The radius to be used

in drawing is here projected up to the horizon or horizortal line of Fig. 19

where it is shown as LP'.HPw’is in the photo plane and is cmeily meqgsured once the

hoﬁzon has besn merked. Fig. 20 is in the plane of the photograph and shows how

distance FN' or P'L can be fouhd grephically. Two triangles arc shown in Fig., 2C

Cne is the ssme as HCOL but is here desigrated as ¥ hel Note that the size of ilis

triengle is constant for a given photograph so that it can be made of celluloid or other

transperent material enc uscd repeatedly. Laid over thic triangle is triangle hp'p

which is the same as HP'F which is shadced in Fig. 19 When zn ere is laid out with

ccnter et p and e radius egual tq PF' or pp' with sides tangent to true horizon and to

the trace of the vertie e\ B
I

es fiovn in Figure 20 then 1t ic clear that we have found againdistance FN® or p'l

ough the rrineirel point of the photograph

end heve the eerter from which £/ true direction rayiean be driwn for eny point on

line p'p of Fig 20 or F of Figure 19. In practice we do not nscd tc superimpose the

two triangles but simply strike the arc witd radius from point Boe’ﬁr%o true horizon eit
either from a poirt om he or its extension Since the true rays sre drawn from different
points it is necessary to transfer them to & single point of origin for meking e

radial line plot.

Elevetion determinations. Points are displaced in obligquc photograrhs by

differences of elevatlion. Tt is cften steted-thal [clevations cannnot be found in
swek-photographs. The following method was used in mapping the southwest racificduring
World Wer II. It depends upon overloppirg obliques taken from suceseive locations

of verticals, the trimetrogon method of mapprings The basic principle is illustrated
P t—
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i e :
ip Figures 21, 225=23 “he derivatior is by the writer for it was not given in the qmdgy

originel publication. Let m be 2 roirt whose elewetion is desired. 4t is shown in botl

obliques. ibv elevation is I feet above =a da‘tum plare, <The base line in 211 three
oblique (<
figures is the iscline where the photogrzrh is the same scale es the vertial teken at &

—_—

the samec time and whose scale is thc mop scale. Parallel lines on the ground
Lt

converge tc venishirng point g V; end V es shown in ’?‘be two sets of perellcl lines

show only ono positior for m but when projectsd to the hese line there is a

J.
1_01111»

parallax displacement equal to d Figure 27 shows e section through the principal
) .
plane of one photogreph showing the clevation of the plane above datum as % and the

relaetion of ectual elevation of nﬁE to E' the epperent elevation in plene of the
)

rhotograph. We can consider the pare.llo‘ar. displacement of m on the isoline =g the sum

of dy+ d The dls‘thnce tha.t the plane moved between expnsures is the eir base B
Weals

which is the sum of irll in Figure 21. B is equal to distence ween vanishing 3

points on true horizon lire dj=E* (Df"di_/IP whers );is on the isoline or baseline.
nh b\" - ) ()
= E' coegTangle of depression ‘

dp= E' (D¥ dl)l;h Hence d = E* (B + l

S \
which is g—e-u-n-d- in Figure 22, F = I}:‘, cos¥éamc englc Herce E® 3 IH 1 ds (d+B)

and Bgm-B/E' = 4/(d + B T/c ra%d expression ig proved by

similarity of trinezles 1In the second p ien the coeine of angle of
depression cencels out so that our final result is E= H.d/(B-Ifd) 2

In Figure & the

practicel use is shown. Here z detum plane of elevetion wes established by a point Y

whose elevetion was known. / ! , inci - € phato
& well-marked point&on or near the horizon which can be faourd in bothk photographs

Vi vy
was *her marked;® The line Y{ was drawn on both photographs. Extcnded to the isolime

this ray intersecets zt C forming ¢ bgslroint for meesurment. The locetion of Nn-v(,/]//
which \Ig’th; plumb pointy of the photogrephgie also shown end lines gre drawm
.

B
ViedVs L Co
from m,oﬂ’ in be¥h photograrhs.lAnother ray is drawn through m in bothk rhetogrephs.

-
A
e
Now since thece reys meet at the horizon venishing pointy V, wemr—X they must be
parallel on the map. Te-the exemple givem—the rgEding slong the isolimcwes30TO™
=V M—”

i ._ '{He air basc is equal to the distances-fromthe—trersferrcd
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1, Nt —eame

(to m
ing point, rright—shotesreph, dL- differcnce in rcndin°1£éu .;;snfn

sach photo'rﬂ**$§= difference of ses level gltitude of plane and that of the W

clevaticn point Y. If m ig lower thenl then the formuls ziven sbove is changed
r
to P-di B end d are given in inches and H and T in feet. Th r”““‘ Pragrsntay ] w‘/
Smiths Meuhgd of findirz vertical engles. The following which is shown in

iV
Figure N,is from H. T. U. Smith's method. %may be confusing for teecmtdempiis

m&de"%O showymore than one plane in thc seme figure. Ine outline of an oblirue
rhotogreph is shown in solid lines with the true horizon et he' The nadir point
ig shown at n, the principal point et p. TIn tho 1laft peort the vTFtlcal section

ohlon

through the principal line is shown. Line 1 is the focal length, o the lens pos

*J-
-I.

L On

lings 2 end 3 are at 9C dezrees. The angle hop is the argle of depreesicen.
g P 28

a is & “point sought" Lire 5 is drawn through this to the true horizon et 2!

Using n as center line 4 is 2r erc with radius on Now if a right trianglc is 1

a——

s

g0 placed that the right angle is on =re 4 at o" gnd sides through =' ond n

=
- -~

the line 7 is definecd from o" to a. he engle a'ti?(e.is then the true vertical angle
from lens to a for the right part of the diagram shows a vertical seetion elong

the rlumb 1iné"¥(hrou~h e « This ongle con he messured with e protractor which
I = r

could eaeily be combined with the transparent right'trianglg,of which only the outside
edze is shewn by double lincs. The method works best if the angle of de rregsion
iz comsidershle-

Elevetion finding. Elevetions can be found when points szeen in two obligue
rhotographs heve been located on a map. The solution requires measurment of both
true vertical angle ond mep distance. Figure 25 shows e grephic solution
which avoids use of formulas: Angles could also be found from Figures 16 and 17
7o st 1\

;’{‘

but it is necessary to meke diagrems for every p01ntnPGT the angle vaeries with

distance from the principel line. Mep distence wgs obtained from intersecting rays.

The golution is examctly like plancteble surveying wherc distances are obteined by

5 . vertical namqgmﬂ
irtercection and sngles with ths Llldad
l

A

In fact several persons have made
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instruments like 2 miniature alidade which can be zizhted on the picture
which is set up at correect distzrce from the center of the instrument at corrcet
%jﬁiidfo horlzontala *he directions of mop rays arc obtained from o streight edge

(% h}’mw
below in the mop p*mne. o6 distance and engle are fourcd to a point of known
A

u-°¢

unknown »cints may be measured.

Perepectivc methods of rectification. If oblique rhotograrhs chow fairly

level country it is possible to uss perspectivs adjustment to r;;%ify-them into
a2 correct mep. Two methods hzove been used (a) the Canddien grid system and (b)
Rich;P metﬁod of persllel lines. Thesc methods can =120 be used to map
shorelires of conetent altitude.

Conadien zrid system. The system extensively used in Ceneda for

small scele mepping of fairly level country is one of making the ountlinecs of
gles or the ground ag they should eppear from the altitude and locstion
at vwhich the picture woe tzken. Datz must include altitude and focal length of the
camcra. It is advis}a.blc to have prominent points on the ground lor-ted by
1 ok
& ground survey. Figures @G?and ' show how tc construet the grid.
> ‘
In Figur:,gé-we will use two seeles () the full cizc of the photograph end cemers
9

gnd the sesle of the map ’ﬂr ;&1titude ard the ground. Firct merk . war6ﬂ+
horizon on the photograrh end compute pocition of true horizon and mark it,

Fin{the principal point end measurc how far this is below the truc horizon.

Lay out cemera axis ond ph%ograph planc ot right grgles. Extend the camera exis

fo
D

L)

o+

until it intersects the ground . The ‘side is plattcd to mep scele to show

the altitude. ¥Wewxykmrkingxakviherx Extend the planc of photograrh until it

)
intersects the ground linc . MeesTure distance truc horizon to ground intersection.

h

Next start at +P s intcrsection and lay out egual distarcce, for instance miles

< .

to ;round scele sterting at this point. You could stert this where the cemera
exis 1ntersects the ground but this would mcke distances grezter in lower part

of the picture. Draw lines from these points to lens position
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marking intersections with plane of photosrasph.  Copy these intersections amlong with
position of both true horizon and ground line on = sirip of paper

Turning to Figure g which is d&m drawn in the plpne of the picture the principal
line is dreswn =nd extended to the vanishing point on the true horizon. The zround

)
line corresponds to distancg from true horizon quund in Figure QE and is et right

e. Transfor the interscetion of lines at ecqusl map

angles to the prineipel 1lir
: gl 3 i g P o
distance found in i‘gure starting at ground 1nteraaction.linﬁ§hich may lie

outside the border of the photosrsrh. Through each draw a line
parallel to the grdvnﬁ 1line ond you will have a true persyective sppresnce of
v, : o~ L

rectancles J%;snnn ag you connzet points of equal map distence to the vanisghing
point « where thekrirri;al line intersects the true horizon. PRecrortad altitude
of the flane mey be adivgted if the grid does neot show correct distances on the
ground between recognizable locetions. Grids are prepared on a transparent besse for
slightly different altitudes and the best fit obtzined by tri=l and srroy”
Corrections may be obtesined from other photograrhs which show the game erce from
-8 differcnt angle of approach. Do not try to drew too far in the background
where the rectangles become very small.

Army method. The U. S. &rmy manuals show manother method of reetification
of obliques whieh involvegs the recognition of seversl points in the photograph
whose mep locatiors are known. Tf desired vaniching nointe with converging
]inn%cnn be verd., A eorid is constructed on the rhotogrzph which erevbles one to
gketeh in details on & mep of the same area. The method is best adapted to adding

A
vipa \ s 2
deteils to an existing mep rather than to ma;r;n rreviously unknown region.

Rich's method. Rieh'a method of using perspective to rectify an oblique

photazrerh into 2 map involves the use of parallel lines and venishing points.

In Figure 2K we heve a verticsl section through the principel line of = photograph.

The photozreph plane and focal length are full size end the ground line end clcvaion
26

to map sealc just =g with the Canedien zrid method. Fig. 30- shows a combination

4]
of picture plane and mep plane. We chgse 3 vanishing points rcb&aarlng thet

y
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true mep rays to each will be parsllel to a line from them to the nadir point
By the use of two or morc vanighing roints these true rays will interscet féhnming
the map positions of the points desired. The persllel lines ere esch drawn through
the places where the photograph rays cross the zround line at map scale.
. - . : & -
Like the Cansdian grid the method will only work ;RF reasonablely level ground.
The persepective methods requirc only single photogrerhs and a minimum of ground

.

control and hence are useful reconneisence tools,
T vl San
Summary . Wﬁ,have ﬂndeavored to show thaet preparstion of a bsemap from air
; i D t kill but 13 in drewing
rhotographs reguires ng vers great experinecepr el ut eimply esre in dreswing
and following of simple methods. It is sasiest with vertieel photographs but oblique.e
which can be teken with an ordinaery hand cemera can be used provideﬁd thers is some
ground control. The greatest sttention must be devotcd to radial line
adjustment with is eppliethlc both to vertierl znd oblique photographs. For elvetion—
finding stereoscoric messurments with verticals erc easiest to use but some measurments
are posvlhle with obliques provided thsy are not taken et such a low angle of
and m&rtle rock
depression thet much of the country is concealed. Even if vegetetion conceals

much geolegy mpps made from the air are incomparably better than qgg ground

surveys. If vegctaion and mantle rock allow it many geologic bounderics can be

rlaced on a map without groupd tracing. ﬂwﬁ&tﬁumqm.QA»“L Gwlrv}*h~d~v4»v+uvb
{}Qﬁ”“** AM\L\ U“}*vw &ﬁY&Uﬂﬂ« G h Pt




(15 ) fir‘d the velue in inches of on and ol by mui't.iplyﬁl ng f by tangent of t

(16 ) ?l&tﬁ these locutlong which can be used in redial afenline drawing.

The weak point in above computation is the correct determinstion of d8 beecaue the

dki distance between the poiuts et which scale is known is not easily found. Neither

Rihn's methoé nor thot here proposed is accurate snd relisble. Results are for the most

part much too great. ,&posmiblo way out is to halve the vilue found on the basis thet

using the midpoints halves the real distances but there seems no vulid resson for this.
for instance the length of a 40

It woulid be better if we could take s hort seale lines in different parts of e

paotogreph so that the distances between theee could be found. :2?1& method

has not yet been iried but offers distinet possibiliites
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Insert on p. 12

(9) ‘Assume that the scales apply to the mid points of tho three sides of the triangle.
This is not Rihn's method wuich wes to ereet perpindieculsrs from esch side to the
prineipel point. However since the change in scale slong any line is directly

releted to distance this method has the adventage of simplicity.

£idex (10) Draw a new t’(!]ﬂlw!}lo through these points and find the location of the same

scale value, m on the side opposite to thgt point. Thie is solved by simple proportion

)
Jjust as if the seale values were elevations jumshxmad-
(11) conny&t this poiut to the location of Bm. MNow we haeve & line om which the scale
is constent and this line is parg&lel to the axis of tilt.
(12) The next siep is to find the tilt angle, t) end this “wi%%on:nble us to locate
n the plumb or nedir point on « line norasl to this one whicii passes through the
principel point, o. We must translete scale into angle of tilt to do this.
The fundamental step is that scele = £ ¢ ; gin t where t ninngla or tilt, £ the focal
length Pd-!i the alitude of the plene and x = distamce of any gﬁven point in a strtght
lino rom the isocenter, Let ue take two random points, an u‘m m:- scales

I AN A
S8a end Sb. Sa= :___;g_ﬂ&l and Sb M_m Check this 'ith l’:l.cur’\ll where
x = ia or ib. Now ubtaet the two scales Sn-Sb = £+ m gin % - x ;h sin £
multiplying both sides by H, H(Sa-8b) = sin t (xa=-xb)
Now let d8, = 85-5b where d§ is the rate of change in scale per unit of distance on
the photozraph;:;zbit is clear that s _j.n t = H,d8 Let S1i = scale at ispcenter
end consider thst Si = tﬁ-u and hence H = £/Bi end Heke e substitution to
ein t = £.d5/81 Now we do not know the location(ﬂ i. the isocenter as yet so
for the yresent will have to use So the scale at the mearby prinecipal point.
In practice the determination of d8 should be on = line mormal to the line we have found
to show constant scale, thst is = normel passing through o. £ must be known for the

camera used. So can be computed from its distance from the line of constant secale.

(13) a study of Figure 12 shows that the plumb point and isocenter must lie on the
samexside of this line through o toward the highest scele.

(12) Compute sin tu&(for a swall sngle sine and tan ent sre mot much daifferent )
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The following example is taken from hotc””ﬂf“ 10 light 16 Sauk Co., Wis.
(=3 1‘
teken 1€ Seob. 1927

Dotum is point C elevation 954, Point & is 61 feet highcr and point B orly 9
»E.';c‘t higher., Measuring from point % R is 4.20 " for A a@d ¥:3.35" for B,
Displacement is ,02" for A toward ¢ and iz nggliable or ebcent for the other two
pointe. Lirnc AD measures 9500 ' on ground hencc the scale Sh = £73
Line Bd measures 1227F' or mzp ond hence Sm = 658 Line AR mez.sures 7950* erd

e
S1 = 637 AD = 6.40" on photograph after correction, &ine BD = 21'5;" end line
AB = Hagty
m, 1, and h are all found: es srecifisd in Ster 9, ¥Note that m is on medium scale line.
Next to find ha scele k1 which is 3.20" Multiply +h15,=(-_by (8h-sm)/ (Sh-S1)
This is #K3(5473-658)/% (673-637) which is 15/36 Re \c3 iy 1.33 "
@Aternetive eomputation is:(658-637)/ (673-637) of 21/3€ Multiplying by 3.20
the resut iz 1.87" which ies laid off from other crd of !in%%’ We will take the average
between these two locations is the true #int to connect with m¢ This line is
normel to direction of tilt or parallel to axis of tilt. Next find 45 from formuls

= (Sh - Sm)/ hb or (Sm; S1)/ 14 hb = 1.85" as scaled and 14 = 2.3"

15/ 185 = 8.1 end 21/ 3.3 »9.12 Meanuﬁm.él
Find angle of tilt from sin t = focal length times 43 / o vhere 38 = Sm # (oc) (d§)
oe = .05" hence So = 658 4.05 times 8.61 = .43 sgin t = 8,25 times S58x43
8.61 / So where =m So = 658 ¢ .43 = €28.43 sin t = xOR%x .01 T ‘5\’
Distmce*‘;);lnci“ 2l point o to nedir point n = f gin ¢ ﬂ 8. 2I"times x&gi -/O%’EE—’

3 Isocenter is half wey betweer these pom‘ts\ M.,\ ,VM v G:w-d‘fm ,ﬂ.ﬂ‘uﬂ“{'

-

Conclsusien. Unless onc follaws *hrough the &bovc lengthy cowwtnﬂ‘nn hefore
drawirg radiel lines the best solutimm to the tilt problem ie to work rather elose to
the principal point and avoid basing diffcremess of elevetion orn known celeveotions

more than a frection of zn inch distent on the phtcegrach



VW GEOLOGY 11

NE® Y e MAPPING
T Problem 15, Edition, 1941,

Object: To draw a map from photographs taken from the ground.

Materialt: Hard pencil, eraser, scale giving tenths or other decimal divisions of
inches, protractor, paper either plain or cross section.

Method: It is first necessary to grasp the mathematical relation of a photograph

to the original., The following sketches show this, S

_Dind a;\§i;ola panor@mic Kp&hk

showing labhge anszle Jof“wisw ”~
- ;2 % - ;
o =y
—Ams  Jeobject
\ o
focal lenggh add &yinn

~ha e

The first sketch shows the relstion of the vhotograph on the plete or film to the
original, or object, provided on ordinary comera was used eond placed with exis level.
The sketch applies to either o vertical or & horizontal plane. Note definition of
focel length. It is essential to grasp the following ideas. (a) Every photogreph
with the -oxis horizontsrl shows a portion of the ground which is shaped like o tri-
angle. (b) In o photograph nll objects which have the same horizontel snzle, away
from the vertical plane throuyﬁ{thc rxis line liec inthe seme stroight line omddhe
picture, (¢) 411 points on the lovel of the cemera ore in a horizontal line cnlled
the horizoa line, (d) In a photosrach token with horizonbsl 2xis, both verticel
angles &rc shown by distances from the lLiorizon line or vertical plsne which arc
proportional to the tengent of that angle. (An coxcoption to tho last st-iement is
the old Ponormmic Kodele; in this instrument, illustreted in the middle sketch, the
film was curved in o semi-circle to sccure o lorzer engle in cach picture then is
possible with an ordinary cemeran. Its horizontal ongles were directly proportioned
to distances on the photosraph. 4ll points with $he same horlgoatel angle lie in
seme verticel line. All points with smio vertical sngle lie slong o line which
curves farther awsy from the horizon line with incronsing distance from centor ver-
tical line with ordinary cnmera (straight lines with Panorenic Kodak - sketch, noxt
page.) The lowest sketch illustrntes ancther fundamontel idea, nanmely thet if the
photogravh werc transpprent cnd held in front of tho human eyc at a distance ecual

. Yo the focal length of the camera it would just match with the original if the ob-
servar woere on the sane spot as the picture was token from,
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. grovhs taken at Devis Lake with an ordinary comera.

2 3 Provlen 15, pe 2

Loyinz oub the mep., Two different kinds of photogranhs nre aveileble: (o) some
sets of views token in Alaska with the old Prmoranic Kodak, ond (b) some photo-
¥ote crrefully which you have.
Look over the availoble drta which inclyides the distence spart of some of the
conora stotions: 2nd the commass berringg of some of these and other lines.,

Without such auxiliecry drte ne mrp could be made. In prectice ground control is
nrde by eithor trensit or plenc table. |Some elevetions cre also supplicd.

Points shown in more than one photogroph ere in some ensos narked in the pictures,
The first step is to ley out the skeleton of the mop (control points). ILook over
the photogrnphs nnd decide whet part of| the vwaper you should stert on, Plot
commnss directions of other comera stetfons first. Now nt every stotion loy off

o linc for the wvortical rxinl nlane of ghe comers for each picture, To loerte

this linc asccurately oxtend o line to rhothor station nosr to this plene, On one
gida of o shost of poper nerk tne foerlf lonzth; on«ndjacent side of seme prper,
ot rizht sngles to first side, nmrork thel distence on pieture between the other
gtation ~néd the exicl plare nersuring spmwo in divection parsllsl te horizon line.
Now £it the triénglo %o the extonded lime in proper rclation to bring line o4
riht snzles to ~xirl vitne rd distan:d fron picture station equnl to foenl
lengths Seo disgror boelow, Now extend this line ~nd ccll it the picture pl-nc.
It is where y-u would put o transpﬁreﬁ? picture to Jjust cover thne originnl view

with your oye rt stotion. To obbtein rngle of roys to ony object in a picture,

neasure horizentel distrneé from vorti@al sxicl plrone ond vlot on pichkure plene
of the mop. Join this vpoint to picturc strtion end vy hove seme result cs if
wou had sighted op alidede on 2 plrne totle. Obviously, the intersection of such
linecs fpon differcnt stotions gives locrtions just os do intersectinas on the
plenctable. It constitutes indoor nlonetebling.  The rdventcoge is thrt tine
spont in the field is grestly reduced but tire in the office is much inecronsed.
Certrin clinates nrie this desirablo,

. pi 1o o
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< hypothenuse joins the last point with the other end of the horizontal side. The

Al
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o feoblen 15’ P 3 (edj_‘tion 1951) // //
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Finding elevations. The elevations of some of the camera stations are given,

otherwise no map could be made. After you have located enough points to enable
you to make a good map it is time to find difference of elevation of these points
as compared with known places. The most practical way of doing this is to solve -
the problem of finding elevations from known distance and known angle. The ,t:::T
distances can now be taken from the map, working from a picture where the elev- A2
tion of camera is known. The angles can be determined from the picture. To do - Cﬁ//
his a right triangle is solved. One side of this, say the horizontal base, is ,
the distance from the location of the station on the map to the platted position =
of this point in question on the picture planes The other side, at right angles ///,(f/
to the above, (the vertical side) is the picture distance of the point in question
above or below the horizon line shown on the photograph. The third side or

angle gt the last point is the actual vertical angle which would have been ”/,/’,

measured had you sighted the point in question from the camera stations It is ' ’//////
ot desirable to measure this angle in degreess The problem can be solved graph- ,///

icallye On the horizontal line of the triangle plat the map distance of the ‘/:::::

used for the map to scale vertical distance above or below this point to the
ypothenuses This is the difference of elevation and should be properly applied \;;::::j

_ ——point in questio n as transferred with dividers or otherwise, Use the same scale ay
<

to the elevation of the camera station to get desired elevation. Note that with - ////
an ordinary camera the distance from the station to the picture plane is not e <;;///
constant but increases toward the sides of the pictures It is therefore necessary 2
to use several triangles for each picture. In the case of the Fanoramic Kodak

the focal length was constant. This instrument is now obsolete.

¢ Distance on map scale-cemera 3 .
L station to point determined in picture plane :
Py MAF DISTANCE OF FOINT RPot ¢4 T £1) il '&‘3‘:i? E&L- f:j Y

Camer;\;:;;;EE‘“‘“ﬁafCtual vertical angle

.

Difference of elevation

to mep scale

Distance o

! picture plape
|

|

Note that line to picture planc is not always the same but “H“‘*lpoint

depends upoint reletion of point determined from central vertical plane.



Supplenent to Froblea 17, edition of 1949 Rich's method of rectifying an oblique.

0 Rich, J. L., Photogrammetric Engineering, 1947 H
S Line to horizon at H
D 3 - “levation (mep scale)
= T~ Ground line et mep scale L ol
\ 20|
= "-1‘:,
Step l. *raw a vertical cross section N < Phokians _;45:%§;/
through principal plene of photograph. ~f= 6.7 plane
Meke Hp = distence scaled on photo. Scale HG
e

i



GEOLOGY 11
laFPING
Frobleu 1Y, cdition 1943 (eidl7 now coubined with 18)

Objects To draw a map fora oblique aerial photogrerhs

Materield Herd pencil, eroser, scele, nagnifier, triaengles, trucing jeper,

one or faore photographe, weps of aren shown giving control data, white paper

Methods wPhatogra}hs uay be teken froa the air with the exis of the ceaecre
tilteds |If the tilt is not feor from verticel the phtos ere called "low

oblugyes“'-1i the sngle is net fa¥ Proa horizohtélethey are “high oblicugs".

Note thh# the refercnce is to verticul znd not to horizomtel in this.

Low obligues can be changed to verticuzls by use of a specicl printer, This

ie regular proctice witth :ultilens ceaers which tuke both verticsls end
cbliques ¢t the sauie tine. High obliques cennot be trested thus but are
often uséd in reconnsisance ie}ping because loss flying is neceded to cover
& given aren ond the requircoents for flying are not so cxacting.

! o

{ i ; %
Geougetry of werial yhotos. The tronsforistion of acriel 1hotchLth Pt

~into 18} 8 is & jroblel in solid geoustrye Study the following closely a
several j #ubllshuu pepers contein errorse Every photograph is e record of
horizontel =nd verticul angles which could hrve buen deterained if an
vlidede and lenctuble had been ut the plsed of xposure. From o given
spot in spuce all points having the szae horizontel angle (equel to a
single rey on plunetoble) lic in st.ic verticel plines &ll objects which

have scu¢ verticusl engle lie on surfece of o cone whose epex is et point of

observation. Try this with-e teleseciie slidades a8 you sight at foints

along—ane rey-you aove the telesecope—up—-end-dewn-in-a-vertieal-ylenevIf You

set 3410 say 10 dogrevs ebove the horizon und roatete—it-to-difforent—

- direetions froq thu plonctuble you-heve-deseribed-thé surfece—of o cone.

" The throe diegrais of Fig. 1 show the differences botweon [ictures teken
~with exis of cwuaers horizontel, with it vertical, ard with it inclined at
an ongle between these two cxtrpduu. \\

""'-\r— ------ .--.-m-a-T’ r o
l |
oot S0 T SRl TRl D B ST
e o o e ‘,-M"’-"“
Horizon|
: Centtor
Fl e s SE
r:—-”-_-m t e
.;,a--"‘*"—”’AL B R S, T
. DI, i) 'Jh--— -
i
| :
N FIG
Line equal cngles Lines of equul engles in  Lines of equal angles in
in horizontel photo obligue yphoto vertical jhoto
Sec Froblern—d5v— See Froblea—36-

Note thiet the obligue is trinsiticn.l between the other twe extremcs. The
ground included is shaped like o tricngle with one cnd cut off.

Li-fIt is highly desircble thet the Lorizon show in an oblique but this is not

elways possible becazuse of weathor conditions or topogreplhy. The line on
thié levcl of the Tane, is celled the true horizons It is found wbove the
apjorent horizon ¢t wn angle in ainutes cliost exactly equel to the square
root of the elevation of the plenc in feet. Center of picture is found in
sciic way ws with verticuls.. In preetice the cencrse uay ulso be rotated
gideways around its wxis but this has no sffeet on geonetry of yhoto.
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FIG.

Verticel section through center : , :

of an oblique photo {l/,/ff/ it P i
Center N7 1. A e

“Foint sought" is & locetion which : i %% 1% e

3 ] L] (R0 : 2 ¢ . Tt

is desireds The true point is on : z 1 ,,f*ff;ff

& plenc ot right cngles to the plane of oA Aht.ﬂ_ﬂwwn____1la.C? ,/:;i_’,_

the seection ENG intorsects the picture . X7 OiRL-8JUE a o

plane zlong o horizontal lines Verticenl
projection cf thy point to plene of true

A

horizon is : lsc shown. The picture plane 1
aeets the plwib line below the lens ot the i
bottoa of the diagren. n
Lens to picture yl§§c.1n harlgon.yl?ne= “ Edge photo G
focal length divided by ¢caine. of angle of
tilt.
Lens to junction of i1luab line and | icture plenc=
focel lengthgivided by minc of engle of tilt,.®
Fite ﬁ\ rT 3
IfiérsggtL . of horizon end llcturc klunvs. *,
Tentor “#lene | /Ray tu 101nt sought 5
2 cuts horizom . T’
¢ ; . b I =
: K : L
: ' . ! I N
_. // :
: : S -f}flioint sought is wertically below here.
. ." lll /" -‘
3 . : :)/ : Edze photo
e TR here below plene~sce Fige 2
S - ;,' !,' :
e ! -f Figure 3 is a top view of Figurc 2 show-
O : ing releticns in the plane  of lens and
2; true horizeon. Here a ray .iay be drown from
ot g lens through peint verticully sbove tne point
gt sought. But this is not & precticable way
A eng b0 draw such rays withowd soue other con-

struction. Distonce frou lens to intersec-

tion of true horizon end picture plane = focul length divided by dosine of

angle of tilt.

Note thet true ungle of dejression to joint sought iay be

found froa this diagre: coubined with Fig. 2 es expleined lster.
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The following principles st first be understood.

17-3

(1) as & reference point

is required for angles those neesured on the mop will be taken froa the
intersection of a verticul plane through the lems end center of the photo
with the rlane of lens and horizon, (2) &1l horizontal angles to be shown
on & .ep nust be awasured cither in the horizon plane or a horizontal plane

pardlel to it, (3) *he verticzl angle froa
dessured in e vertical plenc passing through both of these points.
point in the plane of the photo end use

evident thaet we cannot choose o

lens to point scught :aust be
It is
it

to drew gy reys to points shown if sueh points are et different aongles
below the horizone +he following diare. shows scae of tho princijles.

True horizon

aiparent horizon

Conter

Hizk oblique photogra;h shown
in plone of the plgdjturc.

2oth true and zpjerent herizon
lines sre¢ showne The solid
vertical line is interscetion
with & verticel plenc through
lens and center. of photios - +his
is the plane of Fig. -2 Hote
thet true borizon is cc b
to all threc disgrens. =he
golid line drown froa inter-
gection of picture ylene and
plwab line below lens tlarough
yoint sought is NOT the ray to
be drown on the aop froa jlune
loeaticn to point sough'te

s

although the solid ray above is

e Polnt sought

90 dex. /

Fr o e

/

"*Trueﬁuwizontal engle to point sought:

/ . drown through this point,  “ec
horigontel line frou yoint socught
to plunb line in Fig. 2. This
/ yoint found by sceling on Fig. 2.

g
&
bl
to

Y ,.'_

b g

|

/

A Interscction of ;luib line and yicture
‘}-l&ne in Fi{jo s

nots correct for e may ray the true angle

gway from centsr line of jhoto ean be found by trensfering the distance
begtween the two roys on the true herizon line to Fig. 3
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However, this sclution is not alweys possible. The lower thie angle of
tilt below the horizon plenc the longer becoues the verticcl line through
center of thoto to intersection with jlusb line below lens. This distance
would be infinity with o yieturs tokon with horizentel axis. w better
sclution is to figure out the distence froa point soukght in the photo
itlene to place frou which truc horizontal engle wmay be drawn to get e aap
ray. First the point sought may be connected with center line by & line
parllel to the horizon. hen Fig, 2 csn be used to seale the correct
radius for this yarticular jpoint ws done in Fig. 4. Crone's graphicel
solution is iuch eassier and is ex)leincd belcew.

True horizon

...... P A N S e FE——
arierent horizon T :
7_,—{" i

Sl ' :
! /////' : :

rd : :

KC&:H‘L‘.&I’ - ey ; et g
& te true ‘ oy oo ot
; horizon - :
Az [¥S )
Center : ’

Photo edge

- ....'//1'\... < e - i
F1G. 20,
Crone's-fiethod of drawing
a|p rays.

-
-

Lens ¥ Conter froa which uap ray is drewn

Crone's_grajyhicel solution, Crone's uethod invloves drawing e right
trianzley one side (here at right) is equel to foerl le gfh; the side
ot right angles (herc upper rizht) equals distonce Of photo center gy o
froa true herizonj third side equals distance of horizon line froa lens? S
us in Fige 2. Note this is the sare triangle as abovs caaers sxis (focel
length) in Fize 2. This trisngcle should be luid out on tracing celluloid.
The toj side may be extended when necessary. Lay the trisngle so thet the
long side is along the line showing intersection with picture plene of w b
verticael ylane through center, that is the line on which Fig. 2 is drown. D
Noxt scale distunce in picture plone of point sought frowm true horizone. — 2235
Strike o n arc whose center lics on the upper side of trisngle(here
extended) end pesses both through center line of photo end just touches
true norizon. The apex of the trianglc is now in proper place to draw %
a dap rey through joint sought.

Other sclutions. Othor sclutions of this problem heve been used
which include both graphicsal and mecanicsl nethods. Several plotting”
ingtrunents heve bean devised vhich soaewhat rescible telescopic mlidades.
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With the instruients the picture is set up in jropor relotion to sy, that
is tiltod just &s taken. (Ses Fige2 ) - hen sights «re¢ tuken on it with
& telescope or other siuiler doviccs 4hé iechine either iecasures angles
in Jdogrees or plats roys on the drawing bourd.

LCcutiwa pesition of plane. The ey josition of the plone et instant
tiie photosrs. h wos t:rken ny be found s socn.gs threc roays toc objecls
whus v g leections er. alrcuiy knowmn ecn be dravne Thesc con be ploatied
n treeing peyer gnd the sheot of pujer shifted until cuch roy joescs
through the knovn loccticne Foint fro. which rays were drewn cen then be
irickuec throu sl onto the ., smd is the oint verticzlly bolow the jlanc.
Once this locrtion hes been found reys to unknown joints can be drawn,
when cthor | ieturcs jive raye t¢ the se.c ycints loceaticns are scoured by |
intersectisn just as din Froblea 15 or with e plencteblo,

Verticcl gn-les. In orier to f£ind clevetion of the plime (uny record
furnisned by the phot o rijhor wes bosel on gneroid recdings) we oust
dutsure the virtiecl on-les to jeinta of kuown LlLVclen wiicse locution ig
aleo known on the ig« The sngle . ust bo found the verticel jlune
ressing through luns wnd joint sought. No cuick end vesy sclution seeus
t¢ heve been yublishude It is recessiry to drow both Fis. 2 and 3. *hen
the ulstance frou lens to o poilnt verticelly above the point scught end
the vertical cisiancc of }llnt sou ht below horizon plane can be found.
Know1n' thse twe siues of & right triengle the ansle sousht can be found

srephieslly oe in Fig. 6 '

Lgﬂs hcr*zﬂn planeg lg; distance to here
~ 2z T o # AN
s genled fro: Fize 3 4 ; S D
Vertiecl mnsle i 4
) &
E :
F. - / |
i S \\\ / | e f
o | e
~ /
\ / r -
/ ! &
N | -
FIG. 6 | T :

i ¥ c
Deterainstion of vertiecl | = ¥
angle in verticeal plene threush P Fhee g

3 St o R e = Hkvex | e
}?n% and ; oint svuun§, elso \Kfﬁlnt scught o
aifference of elovetion plenc to . £
point sougsht. h
N '\
% e
Notc how gy distenece is also platted 3 1
to obtein differcnce of elewvetion %0 gy ke et
scales Coapare wvith Probled 15. In finding \\\ )
elovation of plune proferecncc should be ziven S B
to points with as sunll o vertic 1 cn le as rossibled. t
2 5
d 0
Cangdien .rid cthod. The Topcirrihical Survey of B
Cinuide deviscd o cwthed for rectifying hi b obliques of ‘\“/
neorly flet country which dejends ujon the ordinery jrineijles

of perspoctive. In Fige. | the elevation of the plane is shown to\nap
sec.le but thu jicturc jlanc is shown ot cetucl focal lengzth distance in
front of lens jositicne Ficture pline is extended tc ueet the _round,
alon: line of interscetion with yround jicture end mep seales arc the seme.
axia of caiern %s elsc proienged to et the prounds Equel intervels on
sround ere lais cut to uep secale both beyond sna back fre.: place where
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LA

Lens True horizon ¥
E" 5 ‘ _~~  apperent horizen S
id _:ff'fgg-‘ t Iane of photo ,///, // a3 : i
a ok e 0 S ////// ‘,,/’- 0
; . o Nufj,;-'anl-_ ,”/ vl ”
i A e el ; .
o 5
n :
T
I
1 :
&
n .A‘I
e . ; g %
A 2 = A
Junction Ground AXis
Y140, 9 Vertical section through exis of cauers
Tric horizon véﬁiskihg iéiﬁi =
';ﬁfgféﬁi.hb;igﬁﬂ-“..” N e Ay
T2
: - \ /
: N\ :
1 ‘-ﬂ“'}‘_')/ ~
: : TE
; » r-—"-{-
. : { i
g o dad kot R R e N :
SFo o 0 8 25 2 @ PO BT B S
A RFEREBROAT R R RV
; Y 4 o T g JL\ L \ : \
L// / : R
2 aseampas it s B g Tl Edje of photo
L = :
v : ounf icn 'lncjf[ ”90‘ \ 2 N . 2 % -

FIG? & Construction of

verticel line

persrective grid in plane of photo. ;
d_-‘-#
the axis of the camera intersects the level of the ground (fiz. 7). Next ’

connect euch of these points to the lons yosition as shown by dotted lines. Bt
in Fig. & the plenc of the jhotosreph is shown. - The line amrked "junction" in ,""4
fige T is drawn and intervels equal to those shown on the ground in Fig. 7 ere s
leid off on both sides of the vertical line through the center of the jhoto. -

The intervuels deternined cbove are then laid off on this line. Lines parallel x::
to the true horizon sre drawn throuzh these points. *hen lines freu the points e

on the junction line are exte
section -of the verticul line
of these lines corresponds to
aust have both focal length o
It is best, however, to check
ground in correct relation.
Drow the squares onc inch to

Ak

nded to onverge et o vanishinz yoint at the inter-
and the true horizon. Each figjure forued by erossing
& squere on the yround. . To ley out this figure we __—
f ccuerz and alitude ot tiuc picture was taken. -
the grid end geec if it shows known points on the
Such known or contrel ypoints are shown by dots ebove.
e sido and then sketch true cutlinc of lzke.

Epe e B TSR A
e LS S 5 e )
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Us Ss aray aethods The Us 8¢ aray :asnuals doseribe a liethod of drowing
ineps froa obligques which involves finding four or aore yoints in the picture
whose wap locations cre knowns The alegruams bolow show how this is anue use
ofs. Cgre should be teken not te draw toc :eny triengles so thet they will
be confusing. With only four known joints the princijles of perspuctive are
useu end two vanishing joints cre found. *‘he work hes tc be uwone on & sheet
of tricing jojer considercgbly lerger thun the photograih,

' <oyl

s FIG. 8 aruy nethod of
urcwing agp ‘froa cblique
= phote with four known jpoints.
Nete two venishing points enu
how trisngles were drawn.
The points ere shown in
! cbrrect relation below and
: the saae tricngles vl

wWere drowil. ‘i

| Jﬁ b
¥2 - :
\| >
- - - - - - '-..c
.
; L
; : o ., W : Ab
0 s iy ‘
! g 0 ;
i .'_:a
e e B 5 :
i i P b - e . e = .
Yy 5 - * ol
1 - S % % k
l ﬁ'..l‘- e G = ‘-:.D '? . .c
F £ o
. 5 ] ' €
: 1 g7 bed 7.-
< e i el N
P T L : .
A = : f e
Edgze jhoto : & w1
FIG. 9 wray woethod where sore than four known b .3 ‘n :

joints wre prescnt. Drew nmore triengles on the phote end then draw all the
triangzles on ey shown at rights Whet king of country con this method be used
for? \hat edvanty;c over c<ther licthods hes it?

Refurenceg. Sece list ¢t end of jPrcblen 16. also Trorey, L. G., Survey by

high obliquese The Cunadion plotter and Crone's grejhiecsl solutions
Geographicel Journul, vole 100, ;. 57-64, 1942



Object:

Material:

Method:

GEOLOGY 11

‘ 4

HMAPPING
Problem 16 and 1l6a, Edition 1950

To draw a map from aerial photogranhs.

Hard wencil, eraser, scale, stereoscove with parallel arm (stereocompara-
granh), magnifier, triangle, tracing paner (about 8% x 11"), photos, map
with elevation data.

Photogranhs token from the air may be divided into (a) obligues with
camera axis tilted downward and (b) verticals taken with camera axis as

nearly vertical as possible., Obliques are taken up in Problem 17, Read
M 5-230, pp. 188-249.

Verivical Pictures: ZIZvery vertical nicture is a comnlete and accurate
mep of the area shown, provided that (2) the comera axis is exactly
vertical and (b) the land is essentially a nlane. The scale of this map
is fixed by the elevation at which the picture was taken in relation fto
the focal length of the camerc. In actual »ractice, however, it is very
difficult to meet these conditions precisely. Cbviously if the land is
not flat, the tops of hills =re shown at a larger scale than are the low-
lands. Check the szale of your hotogravhs by neasuring several known
distences. If you do not get the same result in different parts of the
area at the same elevation, the cemera was tilted. A line on the land
surface which is straight but runs up and down hill is not straight in
the »nicture. The amount of curve due to differences of elevation

increases radially away from the center of the photograch as shown in the
following figures:

/r"\l lane

oo
|
\ \ |
i g B \C )\
| LN
4 pne \4
: ] —c'| G
' » - .
Py | Y5 o " Yote distortion of straight
L SOSN8 -as® e [y 4 line across hill at A and
o B? that C! is displaced from C
=7 ; : along a radial line from
: ; center of vphotogranh.
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%Three hills rise from a plain. The one vertically below the camera has its top <
B shown on the picture in the same place as if it had been at »lain level B'. But 2
//t‘).e hills near

the sides of the »icture have their tops A and C. displaced outward
/ from the center of the view to A' and G'. The distortion of straight lines across
/ each hill is also shown.

A

hotogranhs are taken ir the air at horizontal distances

/ Stereosconic effect.
such that each overlans the adjacent ones by 60 ter cent or more. Were the land
sicture from another of the same

21l flat you could not’'tell any difference in or
/oot but where there is relief the relative po: *tlono of hig
i

h and low points differ

n the owerloopping pictures.

s \. lst »hoto 2nd »hote I1ize of flj.g,ht
e e e
1 /f'
‘\\ | Fosition of eyes
\ /’ { 1
\ a
‘ i 4
1 \ /,! ‘| '|
| \ ¥ ¥ 1]
1 { l =
\ \ / J ﬂ\E JB-‘II Plﬁ.nu Of
¥ i
E oy [ : y 't ghotographs
i \ 3 ]
: / ‘ I‘.IF@ i “ ;!
e o v ol
4t o Ly
\ e f oty
' \ /\ I i Apperent _ - .. .90
'\ A ’ \ | jposition of
/ \j i ! blended inages
\/ !
i _r’\‘
4 \ALL.I’\ e Soeo :
e o - .

Fhotograjhs 'overlajpped ' Fhotogreghs separgted!

-
-t

|
|
I
!
|
|

>

U
!
i

il

scrmon areas are next to one

- .
-

REN
i // How »Hlace a vnair of adiascent vhotos so tilet the 2oum areas 2 T
= 5 of ke highlights double. ijiake these

ot ghosher. Shift one or both until you see sure o .
e 1.%)“111016,3 and the fused image will look liw - reliuf model. Zeep looki
“.* *Ywere in the jlane at a great distance from ground vaiil you can get the ¥

...>The 'mirrors or lenses serve only to scnara$ec the ere so that each see’s

: nicture. A similar result may be obtaincd with two mugnifiers or by hol@-ayg a

nvaper betweén the eyes. In these cases the common points in the )1cture€g Jghst be
\ eye: dlsv?nce {ebout 25") amart. It is -ossible $o dismeree with the napew. Put'the
N ‘f‘mmgn pomts of two pictures about 2% inchos anart. Slowly raise the pict-ures ints
E ‘a.of. sight with eyes relaxed (dmuxe‘%&‘ This doe-s net. injure: the. eJ':s. but
: ‘g oractice is needed. The clog ei‘. ’Eves com@dto the nlcture the ’Q&tter

- i 9_‘?; : ‘.:_,.‘.
\\\\\ \\" L oohae el

i/

F Wb

”.
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the stercoscopic effeet. Note thot two other images, one on either side of that
in relief, are seen. These do no harm to the eyes. Shift photos until you get
relief effect.

Map loecation of moints. WOTE: Actusl construction done only for problem 1l6a
' but 21l must know the principlc.

Tho rays drawn from the center of the photogranh (which was vertically under
the plane 2nd is found by intersecting lines eithor botwcen marks in the
margins or ; tho cornors) to objcets seen in the nicture represent truc
angles just as though you had sct up - planc table therc and sighted those
points through ~n alidade. The map location of this ceanter or principal moint
noy be found by vassing the rays to threc rccognizable moints in the picture
wvhich had proviously heen located on the ground through the nlotted map |
position of those points. This is morsly solving the "threc point problem".
This orients the »hotograph in respect to the map control. Now rays may be
drawn on tracing pazer from the nicture center to unltnown points, mainly hill
tops. Mark on esch ray apparcnt position of vpoint using a small definite dot
for cach but extend lines. Next comes the »roblem of corrcctly locating the
next overlapning photograph. Find its contor as bofore. Locate this point
on the first photograph. If the centers arc both at the same elevation then
the distance betweoen them is the corract map distanece. But if the clevations
differ a correction must be applisd. DIrow the line between the two centers
on your map. Usc this linc to oriocnt thc tracing over the second picture.
Shift along this line until rays from conter of sccond picture to known
noints already corrcctly located mass through the map loceations. One such
interscetion would be cnough to give map location of the sccond center but
lwo nronorly loented off to the sides are much better. NWote similarity to
plane table method of loention of unknown point. ¥You may also find corrcctly
loentod points such as scction corners in the sccond picture.

Sce TM 5-230 »np. 188-212.

Show on your finsl map to wropcr scole the locations of section corncrs as
given by U. S. Land Survey. These will be your control points. Draw radial
lines from contors of cach photograph to these on your trocings. “hen agrce-
ment on interscetions has been reached prick through proper map locations onto
your final shoet. The chief error in such "plane tebling from the air! is
tilt of the nhotographs. Butbt comparc it with crror in doing the same work

on the ground! ' '
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16-4
This shows method of
tying together photos
in the same flight.
There arc two control
points shown, here
marked with triangles.
Thesc have becn shown
on final map undor-
neath the tracing b
paner.sheets with
radial linos. Note the
points which are common
to threc photos s
hesc are very import-
ant. The samc points
also show in adjoining
flights ~nd secrvc to
connect the two flights.
Conter of Photo 4 is
also shown
as in preparation to
extend the assembley.
Note that line of
flight is not alwnys
straight. ©Sco hor use
of slottod temvlets
would help a big job
but take too much time
to preparc for & small
onc. Sce following
directions for how to
mark centers of photos
(princiomal points).

B¢ surc to understend that dircctions hold over distances and that all lincs to a
certain location must interscet at some noint.

In problem 16~ the ohotos will cover two 2djocent flights.
s . . - of
. made going citucr north or south with an overlap of about 30%.

Flights arc cormonly
After arranging

the trocing »nmer shocts (tomplots) you will soon reoalize the cdvantase of the

slotted templct systom.

speeial punch olong the radial lincs.

throvn sway when it is finished.

Thesa

nrowr ralation to onc anothor hove dispnlaced cardbonrd.
for »roblcm 16 since it would add 1littlce to accuracy of rosults but ~ width of

only two miles should be mapped to avoid distortion due to relief and tilt which
‘affccts the sides of the photos most.

Distortion duc to relicof,

This was at first don: with cardboard shects cut with a
shodts conceal the bascmap and arc

g -

Henee motnl arms which may be elammed into
‘o templot nced be made

Displocoment of points due to differonce of clevation

above or below the normel or dotum »lane is along lines which radiate outward from
. It is commonly assumed that this plumb or
nadir point coincidos with thoe coenteor or orinecipal point.. The actusl displacement

the point wverticnlly balow the comora.

deponds upon the »roportion: altitudc of planc, H: d4iff:
radial photo distrnce of point,R: displaccmont from true position, d.

rance of clevation, hi:

In solving

this notc that cach pair of torms must be in samc units, for instance if H'=
14000 feet, and h = 200 feet, thon R and 4 must be exnressed oither both in inches

or both in millimectors.

In this caso if R = 100 mm. then d = 1.43 mn. and if h is

above the datum »lanc the truc location of the point must be moved along the redial
line toward the principal noint by this amount. See figure 5 on next page.
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Displacement of a point in photograph due to relief.

Note that such dsiplacements are along lines which - &
radiate from the plumb or nadir point. For most
. : photographs this is not far enough from the center or

principal point to mzke a material error if the nadir
point is not known.
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Sctting wp phobosranhs. BEwen if you find your photos alrcady set up on a board
you should undorstond just how this wns donc. Look over the books of instructions.
The "principal voints" arc all narked .with rod cireles. Notc the marks in margins
37 corners which worc usad to locate thesc. If you arc using the Abroams instru-
ment you should mark the line between the prinecipal points with a sharp hard
poneil, Turn the y dial (motion across lina of flight) to rcad 0. Placc instru-
ment ovor a shecet of white »acor and turn up the right hond marker ebout 4 complote
turns. Then adjust left heond mark-r on its y axis until the two dots blend as ond
when you look at them through the lenscs. If you wear glasses you may have to
loave thom off while working. Choosc place on ths boeard where the parallel arm
will allow the instrumont to covor the common part of the pair of photos. Lay
down the loft whoto ~nd turn until the line joining the contors (princimal points)
is on the linc of the two dot markors. Staple down left corners of this photo.
(Dircetions sry usc tamc but this mey causc more injury than do staples.) Now
sct the right photo ovar the left so that whon loft marker dot is on prineipal
point of lcft nhoto the right dot is on princinal point of the right nhoto and the
two lincs joining the principal points coincido. - Another way to sot up photos is
to usc front edge of tho instrument as a straight cdge; this is more ranid but
loss accurate. Next look through the lenscs and sec that you got good stercoscopic
offect without oyc strain. You nay have to shift the right shoto keoping it in
anme elignment. Vhen satisfactory, stoaplc down temporarily and flap over tho
cdges to soc thet therc is ro "blind swot". Anothor shift may remove such, but
you must not adjust without leaving onough spoco on tho x motion to allow of
moving the right dot by turning to loft to 2llow of nlacing it on lowost points
on tho nhotos. Distencoe betwoon cormmon points must not cxeced 2.45". Now
practice reonding from thic dots. Whonever you look at tho dots they will blend
into onc (unless too far apart). Practico looking ot th: ground 2t the same
time; theon whon the dots blond into on» it will apoear to touch the surface.
At first it is bost to blink from onc oys to the othor to sse thot each dob
is sct-2t the samc objoet in tho two photogravhs. TFirst try this on road intor-
scctions and other dofinit: points. When you have the dots coinciding meke the
dial rcad O by turning its odge. Study mnp of arca to find ~ rosd interscection
near onc cdge of the arca vhosc slovation is known. 0O dial on it. Wow shift to
other side of tho aroa ~nd sd2 if youstill have tho dots coineide on an objecet
at noarly or exeetly the some olowvatien., If thoy do not ons picturc is tiltod
with rosneet to the.othor. Effact of tilt is largoly, although not wholly,
clininatcd by following Abroms mothod as doesceribed on pp. 16-17 of their manusl.
Stick a ncedle through cheock pnoint on onc sido; theon turn around this axis until
you get samo parallax rcading at ths other chock noint. Thon restaploc. 4
tolcrancc of about 0.05 mm. is 2llowed in this measurcmeont, othorwisc it must be
rapoated. Always cheek bac'™ on first point agein.
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If you arc using tho Fairchild instrument you will find it onsier to sct up the
photographs. Lock *h werallel arm. Then linc up left photo with tho common
princinal ooints under the scale at tho back, Stanls down 2t once. Then moasure
map basc or distencc botwoon principal points in nillinetors. The corr“snondlng
points on right photo arc theon lined up in sanmc way along samc straight linc and
its map bas? is moasurcd. Note thrt with this tyﬂ“ of instrumcont you do not over-
lap t“v photos. To get nromr distance for storeo vision do the same as with the
othor type. Placc whitec pancr below the dots and thon malks them blond by usc of
the large adjusting knobd undorancath the centor. Yow romove paper and shift right
photo along the line of oricntation until you got good rclief cffcet. Boe surc
tha mieronctor is about the contor of its scale when you faston tho right photo.
How mick oubt poirts of known clovation on the two sides of the flight and make
the soame adjustment as with tho Abrams. Note that although the right dot can be
novod for y marcsllax thore is no moans of moasuring this motion. Distanco botween
comnon points ig about 6.20" with this machine.

Loasuring clovations. Aftor the photographs have boer jinially sot ond you hove
good storoo vision bagin to nractice moasuring clovations. As suggested above
yoa can best de this at first by vliaking from onc 2y2 to the other and thus
locating both cdots on corrasponding mark in cach photo.

Paprelleox cquation

1 Line of fligiht .
. o ’ 5
» FIG.
\, (f = focal length
{
I bon hhoto Nty e
\ (air base)

N\
N

\ |

H | (altitude

surface

i
ol a1 Ground

n2 = nadir or plumb point

Sece next page for derivation of formulas. It is here assumed that flight
was exactly level, that axis of camera was exactly vertical in both photos,
and thet dh is gwall compared to H. (opn the two photographs Ba is represented
by b, the map or photo base which is commonly assumed to be the distance
between one principal point and the next, This distance is shown on both
members of the stereo pair of photographs.
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differcnco in worallax = 43 + dg =
senle ratio = £/E = focal longthfaltitude

dp : x :: £ : H, by scal> ratio, -whonee x = dp.H/f (strictly spoaking (E- dh) but
dh is so small it may commonly bc noglectod)

also
dh 2 x 3+ B . Ba, br similar trisngles, whenes x = dh.Ba/H

cquating to climinate x,
p.4/f = ah.B/H, honce dh = dp.HS/f.Ba \
but b on photo = Ba . sealc ratio orzBa.f/H O
heneo by substitution dh = dp.H/sb

next substitute for E its value g,ffﬁlwh:rc g = a ground dist~nec, and g\its

longth in tho photo and £ = focal icngta :
Moasur:™ on photos, also b usually in ™

/
,\'V ; g
=
- 1 " )} G [D Sl
honeo dh = dp.g.f/ofg o g, ag‘f ql £ 2 EL% T ey
(L= S pc ' i elont ! T
1 B g o

’JI AL | 74 / :

Agsume dp » 1 mm., £ = B280 f£t., and f ¢ 8.25 in. \b
In ordor to balanes differcnt units of moasurcmont cither p or b nust be in mn. ~

—
To chonge mm to 1nvuus multiply by 25.4 A e
1 Y LAk Pl TEYS SES NV o }.‘}5‘{ &—L’l‘/ﬁ
gie B AR T " 1‘5 [ E " R vIn
Honee @h = dp*™ & g‘ / o it or d¢h -~ 1715/Db .§§ e b
94#( XS 25030 235G 82727
{This dsrivation is roguired of ~11 studonts.) /’: == i ——

By WY

Finding tho altitudc. Even if you had the altitude at which tho photogrephs wers
supnosad to have beon token it may not be corrset, for it was bascd on barometric
dctorminotion. iost of thesc photograshs worce teokon with the K-3B ecamcra which

ard 2 focal leongth of 8 inches. Tho sealo of the photogranhs is exprossod thus:

"
Seale = _foenl length = _vhoto distanee = £ = pm j :}f;z& 1=
altitude ground distance ! g e =
i p"am" 254
Noto thcot those ratios domand that both torms bo in the seme units. g LﬁjLE:E——"'
Solve for altitude and: mfi e < v
E (foot) = sround distence (£t) . £(in) = g.f ban 23
photo distonce (in) g o\
SR

Wota thot we con usc two difforont units boecuse therc is only onc tern of eachk)k\
above and below the line so thnt the corroction factor cancels.
We could cquelly well use nillimotors for both focal long th and photo distonco.
Exemplce: f= 84 in.: £ = 5280 f£t., and p = 3.1 in.
Substltuthg thase valucs above altitudo, E = 14000 ft.
Study your ~hotos in comporison with o map on which !mnown horizontal distnnccs
arc shown and commute flying altitude for cach. The se=lc of the two photos nmay
not bc cxaectly the sanc.

1 inch = 25.40 mn. 1 ma, = .0394 in.

: : /, 5250':’{5/9—?/? 3“3“2/9{*“,,..
B : " T 26.Y ! b ?ﬁ?@*: ﬁwyg4?4?
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Computation of diffcronces of clcvation. The formula demonstroted above rolates
differonce in parsllax on the photographs to difference of clevation, altitude,

and map basc. The latter is the average distance between principal noints of a
pair of photos. It may be oxpressod cither in inches or millimeters. We can

also solve the formuln for difference in clevation for unit differcnce in parallax.

difference of parallax = diff, in slev. . map base dp - dh.b (1)
altitude H
Solving for ih, )
dh-. dp.H 2) Substitute for H, Hz £.£f then dh = dp,g.f (3
e (2) Substitu _,ﬁ%qa e d*ﬁ%ﬁ?

If dp = 1™, ¥ = 5280, f= 8.25 " then dh = ;z;g (4)

o
=9

les form gives eithor feet mer inech of narnllax or fect per millimetor. Taking Al
= 14000 feet, and b = 2,5 inches the result of (Y is 5600 feet per inch or 220 ¥

cet per millimeter. Note thot again different units may be used provided that

ti:e conversion factors cancel out. hoek these computations for your »articular

nair of nhotos. You ¢on neasure b in millimeters if desired., UNext you must £

realize that altitude, H, is that above the particular spot on the photo which M

you are roasuring. TFor instnnce if thore were a 500 foobt hill in the photo

described above H would be reduced to 13500 fect changing the resnlts to 5400

feet/in and 212 ft/mn resnectively. Although there are tables which may be used

to compenscte for this in TM 5-230 a simmler solution is to figure the value of

dh for the avorage H over the photo. This may be used to dotermine diffcronces

of elevation such as heighth of hills above known low places. Using (4) if b

2.5" and p = 3.1" then dh = 222 ft/mn. or 5650 ft/in. Compute dh for your photos.

You can also get results by measuring o lnown difforence of elevation on the photo.

Note that measurermoents uphill rogister on the Abranms machine by motion of the

pointcr in the+direction. On the Fairchild instrument the rendings on the seale
inerecase with slevation, thot is increase toward the left. Commare this with

what couses hilltops to apwenr closcr under the storeoscome (FIG. 3). When you
gasure you mey have to use the y motion to mrke dots coincide. This is a result
of tilt (see later). Tilt results in change of scale of the photos so thnt
corresponding voints are displaced in relative distonce from the line of flight
or line of orientetion. In tho Abroms instrument use the motion of right dot
only. Left dot is moved only whon first setting up the phet os. Study the scale
on the Fairchild machinc. Whole millimeters are marked on lower side of line
except for those which are numbered where line is carried across. Half milli=
meters are marked on upmer side. Since the micrometer head reads only to 50 and

measurcs hundredths of millimeters you must add 50. to ifts ronding whenever a

half point is )assed. Continue nracticc on reading spot elevations. Base your

prrallax difference on clevations on roads, ste., on low ground not too far away
on the photo. If you try to measure over long horizontnsl distances the effect of
even slight tilt will make results inaccurate. On the home-made instrument

parellax is monsured in thousandths of inches; divisions on side arc 25/1000%,

on head of drum 1/1000".

Drowing the map. Enach of the mochincs is vprovided with some lkind of oencil. See
thot yours is sharp and not too hard. If you con obtain only faint lines go over
them with a softer pencil. Colored nencils (provided when possible) arc geod -
Usc a shoot of bond pnver which shows a watermark when held to light.
It drawing board is rough put ~ sheet of poorer paser below. Fasten down in
position so you c~n map the arce common to tho two photographs remembering that
you have to reverse the photos with all but the Fairchild. In tracing roads, 2%
streams and boundarics of dense timber use left hand dot only. Locate dwellings
which at most farms are closc the road and more or less conecenled by shade trees.

‘5for this. Use blue for streams, red for roads and houses, and green for timber.
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Do not may all farm buildings. You will hnve troublc in following some stronms
becruse of trees, n2lso in tolling whnt nortions of some strenms are now part of
the aetunl channel. Dot all uncertain perts. Show streams which do not carry
watér all the time by dash-dot lines. Last locate spot elevations. Compare
with the old topo. sheoets! All studonts will nmalze a map based on common area
of one pair of »hotos,

Contouring. The choiee of two methods of drawing contours is possible, All
toolks of directions advise sctting the distanece apart of the dots to thot for a
given level and then ftracing sround the confour. This involves finding the
differcnes, dp, of »arsllax for a given contour interval. Tilt of the photos
maizee it neceessary to shift the sctting for different ports of the nap in a vory
conmplex nmannor. Keeping the fused dots togethor is nlso difficult at first,
Aftor vractice they should appear to just touch the surface while looking at the
topography =2nd not concentrnting on the dots. You can always meke the dots blend
1f you look toc hord nt them nlone. The other method is to measure spot eleva-
vions and then sketch the contours from them checking with the stercoscope.
Combinatior of the two mothods is suggcsted. Try to trace the 100 foot contours
first., Blink from onc eyc to another to socc that dots rest on some ground point.
Chenge rerding in different points of map in response to spot elevntion date.
Then £ill in 50 foot contimrs botwoen by sketehing. Compars your results with
the 0ld mnp which was sketched from the ground! ILast locate section cornors
using the old mop as a2 guide. From these locate the lines ~bout % mile aparst
which subdivide the scctions into 40 acre trnects. Drow all those on your paper
malting section lines solid black nnd the other lines dotted black. Also draw a
line expetly a mile long rccording to the sealo you found. Your mep may be
nresented either (a) in peneil on origin~l wmaner or (b) traced in ink on tracing
pamer, If the latter also hand in your sketch. First mans cover only the areca
-s¢en on both photographs of the pair. - Contour interval , 90 foet. Roamds -
2y be left as single lines but make branch roads dotted. Show also all dwellings
\not barns), streams and swemps ns far as possible.

FOR 4 CREDIT STUDETS
Problem 16a

Moaterial: Aside from that for nproblem 16, you nsed 10 sheots of trocing paper
™ x 9% plus o shoeet of trreing papor ~bout 18" x 18%,

Introduction: 4 credit students will do Problem 162, mapn of 10 vertical photos
lecnted in two flishts, o portion at least of which must be contoured and all
vomnleted to show ronds, dwellings, strcams, woodlend, swemps, section and forty
lines. The tracing paner ~bout 7 x 2 inches will be reguired for the radial

line plot and larger sheet for final nmap. PFirst, make the radial line tracings
t-king lincs from principnal point of enech photo to 21l section corners, other
principrl moints, and to such vpoints common to the two flights as nccessary.

Drow fine accurnte lines and nmnrk the picture loentions definitely although lines
should extend half an inch beyond each. HMarlx photo number in same position as on
original. Next lay these tr-ecings over onc another to get true locations by
intersecctions. Make lines between »rincipal wnoints coincide. Assume thot N-S
township linecs ~re straight. Apply s-me criteria to necuracy of location =os

with plonetable. When you have a satisfoetory sdjustment, disregording the ap-
parcnt locations on photo, tape or staple your sssembly together. Then lay it
over the mnster sheet ~nd prick through the revised locntions. Remove overley
and nark each prick noint with cross for secetlon corner, circle for priancipal
points ond other locntions. Place photo number at each prineipal point.
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Drow in the scetion lines on master tracing. Next subdivide each section into
40's using solid lines for scctions ond dotted for subdivisions. TYou now have

an accurate fremcwork to which skotches ond tracings of each photo may be fitted.
Lest use the stercocomparagraph to make a contour sketeh of not less than common
area of two storeopairs one in ecch flight. Adjust contours between the two
flights as scoms best. Do as much contouring os time permits; if you comnot
contour more thon minimum finish rest of area as a flat nap. Submit your sketches

and overlay with the finsl mnp. This mey be comnloted cither in pencil or ink.
Use green crayon for woodland.

Effect of tilt on vertical ncriﬁlnphotogrnphs.

Introduction. As noted above, few photographs taken from planes and intended %o
te truc verbtieals oro such in faAct. Bfforts to controel wvertieality by lewvels,
views of horizon, gyroscopss, ubc., have failed although it may prove practicable
to indicate the plumb point by o spot of light regulated by a gyroscope.
Tortunately the angle of tilt is rarcly over 3 degrees from vertieal nnd con

afely ko neglacted for radial line cohstruction unless the topography is very
rugged with high relief, A tilted photo has the same perspective as a very low
oblique as expleined in Problem 17. Note diagrams on following nage. These show
that tie side which is tilted below the position of an cguivalent vertienl picturs
inecludes A smoller area than it should and is expanded; the converse is trus on
the other side, thot toward which tho princinnal point is displaced from the plumb
or nadir point. Midway between the locations of these two points is a line where
the equivalent verticnl photo intersects the netunl nicture. Only nlong this line
vhich is perpendicular to the principal line is scalec true.

[
Fig. 74 See next page

Distortion of =z square when tilted
along a dizgonal line.
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cometry of ~ tilted photo
principal point
nndir or plumb point
isocenter or center of
distortion
displacement
angle of bilt
focnl length
angle between line to a
point and line to iso-
conter

MAQ\TCtual photograph

{'@
BEGe- T

o

Section on
principal plan

nnnn

e

Lower sidse.

side and the converse on upper 3
side (here to right).

Axig. of £ilt

—7/—— - —-g?t- = : ﬁ_»&'Equivalent vertical (same f) or
— N s <
|/ L””,,ﬂ——:f e i line parzsllel ground
b A i =
T, =
o | S
o ' 1 Note thst the tilted photograph
L% ' | mgkes a rectangle on the ground
g S R S [ eppear too big on lower or down

Up

& = angle between a radial line
from isocenter and the principal
line.

Zsrivation: (required for 4

| credit students)

Vertical displacement of point
is 1a ( or ib) sin t

1 0 | Horizontal displacement = vert.
displacement tan B  Since

tan B = ia (or ib) / f then

Principal line o

b .

|

* Lower side expanded; Upper side comp= |
| displacement outward | ressed; displacemgnt 8 2

from isoceneter in toward isocentdr | @ = ia"(or ib") sin t /f end
| : sin t = d.f/(ia®) whenc

8 dig=
tance no = £ sin t = d.f j(iaz)

|

| e S I N o
l . ‘ =

1

E

{ f‘il\"ff -[_.
See Fig. TA on last page for
~effect of distortion when
axis of tilt is diagifonal to
D sides of & square.

Displacement along s line radi=al from isoccenter = d/cos A

Displacement s~long line parpendicular to vprincipal line = 4 ten A

Hote th~t displ-cements nrc pronortional to square of distance from axis of tilt
but ~rc along lines radi-l from isocenter. Displacenmcnts due to relief are radial
from plumb (nadir) point. Therofore, there is no single »nlace on a photograph fron
which both tilt ~nd rclief c~n be corrected. TFortun~tely, error due to this fact
is sm=2ll in most cnscs when the tilt docs not exceed 3 degrees. In country with
high relief, measured in thousnnds of feet, it is nccessary to find the plumb or
nadir point for radial line construction. Notc c-refully the distortion of a s
due to tilt. 1If axis of tilt diagonal, squarc is "skewed

,/”{ . o N Aifiifd'«::};;?ﬁé::E?f:E;Eégg;»?zzéiijfff:;fzz;é;

B



)

F1G.

no relief distortion)

4 (camera =xis exactly verticalj
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wigure 8 shows results of tilt of camera axis in successive photographs, 4, B, €.
gcenters (principal points) are designated Ao, Ro, Co. It is assumed that 4 is
exactly vertical with the plumb or nadir point coineident with Ao. rThe rectangle
1, 2, 3, 4 is correctly shown. Centers of adjacent photos are shown in every
case, TWhen set up for stereoscopic examination these are aligned along the line
of fiish: or x axis which is horizontal in the stereoscope. Distances perpendic—
vlar to the line of flight are called along the y axis. TFhoto 3 is assumed to be
tilted alongz an axis parallel to the line of flight. As explalired in Fig. 7 the
rectangle is then distored into the shaps shown by solid lines (its tows shape is
shown by broken lines). " n = nedir point, i = isocenter or intersection of axis

of %11t with a plane passing through both camera axis and plumb line. Wote that
points 1, 2, 3, 4 are dispiaced along lines which radiate from 1 (see wig, 7).
vistance of 1 ia y direction from line of flight 1s al, of 2 = a2 Dlsplacement

6. 1 frem a lize through 1 in A is d1 and of 2 = 42 both measured in y direction.
szh mewsurements are made with y dial sn Abrams instrument; the pairchild has

no graduations on its y motion. Fhoto ¢ 1s assumed to be tilted along a direction
nerpindicular %o the x axis ( along y axis)., m"istortion is shown by same methcd,
M spracements from lines perallcl line of flight, 41 and d2,are measured in sane
way, y distanze of 2 from line of flight = a and x distance of 2 from Co .= b.
Angle A is determined by its tangent a/b. Note than tilt is demonstrated when you
have to use to y motion to ygy dots on corresponding points in two photos. Cases
of tilt along axes in other directions than those shown by be resolved into com-
ponents a2long x and y axes. Displeacements.due to relief are vesumed to be absent.

gorrection of parallax errors due to tilt. Then a pair of everlapplng photos is
wut up for steroscopic examination the average value of dh must be found first,
Zaown elevations should be present along both sides of the ccmmon area and nearly
“poosite one gnother. Tlevations of 1, 2, 3, 4 should be known. Dots are set
cu 1l and 1 in photo B3 the effect of difference of olevation of 1 and 2 is com-—
suted; the x dial is reset and checked on 2 in A and 2 in Bo Ppto B is then
Ysosened and turned until this distance checks, (Abrams method).™ This adjustment
will (unless the errcr was due only to faulty determination of centers) serve
soly to correct reading i a relatively narrow area between the two correction 7
points, i. e, an area extending in the y direction., A different gkt pogsition
aould be needed for points 3 and 4. Hence it is well to use tape cn 1ight photo,
Trror due to the component of tilt on y axis is not affected by this method.

)
Measurment of relative tilt. Fig. 7 shows how it is possible to compute the
displacement of the nadir point in both x and y directions with proper signs.
In Fig, 8 displacement left (below) line of flight is — and above {or right}is +.
Displacement of n above or left of principal point is -~ and below or right ig +.
Photo = shows a + displacement in y direction, Such a displacement is called Ty
end is equal to fesin ® gince sin t = d.f/a® it remains only to find a. This
mist be the average of the two a's on E because we do not know the position of the
axis of tilt. This average value corresponds to ia or_ib of Fig. 7 and hence
d = (d1 + d2) /2. 3By substitution On = £2(a1+ d2) / 2a° Note that since both
dl and d2 are to right in 2 of Fig. 8 a positive value will attach to result. If
the displacements had becn the other way the result would be -~ indicating a nadir
point bolow (left of) the x axis. In photo ¢ the tilt is aleng a transverse axis,
dl and d2 are both measured along the y axis as before but one is ~ and the other
is +s In this case we must use the average of dl -d2 multiplied by the
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tengent of the angle A thrt is by a}%, Wow to obt~in this saverange value for
d we mast reenll th-t the displaceicats nre opnesite in sisn ond thot we must
therefora use their algebraic difference. Thus d = (dy - dg)a/2b. Substituting
and cnncelling 2 above and below the line it ~wwe~rs thot Dx = fg(dl - dg)/Bab.
In the cmse shown the algebrnic sun of the y displacements is negntive and the
nadir point is disnlaced %o the left or backwsrd on the line of flight. In this
nanner the x nnd y displacenent components moy be found ~nd thus the relative
relation to the nhoto ~t the laoft (earlier in the serics). 3But since we have no
knowledse of the tilt of thot photogroph the solution rennins rel~tive until the
nissing data is supplicd. Then relative tilts nmay be earried forwnrd by
~lgebrnic differcnces. This mothod is deseribed by Van Cewp in "Menunl of
“hotogramnetry," pn. 290-302. Fossibly we could make a true drawing of an area
bésed on & grouna survey. corrected to relief distortion and platted to photo scalle

The following uothod is ndapted from one by TAGLEY, np. 180-192, modified to use

2 rectangle {or squrre) formed by onc or more scetions of land. Becnause most
acriel photegrephs were t-ken by flying ~long -~ N-S5 section line it would be best
to use n »pair of ndj~ccnt scetions enst ~nd west of the line flight. It is
gssentinl to have the prinecipal point well inside the aren used. True dimensions
~nd directions of the sides should be cheeked by n ground survey with pl-netable
or otherwise. ZXlevations of e~ch corner must nlso be known. Also foeal length of
crmerns, in inches. Stops in construetion follow,

(1) Loc~te both on map ~nd phobtosrnph the prineipnl »oint using radi~l line
construction with forncr.

{2) Find tho nverrme scale of the photosraph from ~ soction line nenr the princi-
pal point ~nd compute elev-tion, H, by usu-l ncthod, H = 5.f/p, where g
ig a eround dist.nec in feet and p the same on plioto .in inches.

L 3) Compute disnlacement d of nll corners to ench pl-one passing through elavation

of the lowest cormer. 4 = h.R/E, whore h = difference in feet slevation of
point considered above lowest corncr, nnd R its dist-nce fron princioal point in
inches. Move the high points in toward the principal point as the isocenter is
=g yet unknown. See Fig. 5

(4) Scnle, in inches, the four sides of the gundrilater2l as shown on corrocted

5
paotograph (notediagr-m); slso dist-once of ench corner from thc
prineinal point. Also obtain corresponding ground distance in feet from mep
and fisld data. cee Fig. 9

(5) Revise the figure for altitude E = (L9 from the fact thot LO:A%:: fize!
whence L' = f".A o! / ad" smproxinmntely. Use menn value from four solutions.

(6) The four trinngles embracing lines from L (position of plane) to each corner
of the figure c~n now be dr~wn to map serle (prcfarably larger than nhoto
scrle)» Include corresnonding lines in the photograph. Remenmber th t plane
of photo is norm~l to line (L°) to nmrineinal point. It will now be noted that
since f is the snnme in ~11 triangles the lines representing the plane of the
photograph will not be pnrallel to the rround. See Fig. 10

(7Y Sow we have the dntn to construct trimnsles for ench of the four exterior
sides cof the pyranmid maling the ground line stroisht. It is not normal to
Hne 17, Bee TFig, 11

(8) The next step is to »wass verticnl nlanes throuch ench apex of these triangles.
The intersection of these planes with the outside of the pyramid are normal to
the ground line and ench will pass through the line (Lmn) from L to the nadir
point. See Fig. 13
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FNoxt use the map ~nd dr~w on it lines normnl to ench side ~t »roper distances
fron erch corner as shown on bese of ench trinngle. These lines should all
intersect ~t the nndir point, n.gee Fig. 12

(10) Transfer this nndir point to the photogrash by troeing paner solution of the

three point problem.

L (lens of camers)

\\\‘\\\ r’”% | \\\
e (LR
e
A 4”’/// \ \f><’"’%//" \\th
“\\\\<;\\;\ 2 ‘\\//,,,//
e

Figs 9

FPyramid over two adjacent sections of
land including the principal point.
abcd = tilted p hotograph «BCD = map
cn scale larger than thet of photo.
tecause the ground or map distances
are horizontal the photodistances must
be first corrected for differences of
elevation.
»* = principal point of photo on line
normel o plane of photograph.
n = nadir or plumb point on ground ar:.
n* = nedir point on photograph.

Logation of isoeenter ar:
' Angle of tilt, t, mny be computed since tan t = nb/f.

nxis of tilt are now known.

H (map scale)

/
Qo /______

/

map, ( larger scale
than photo)

|
B | B

Fig. 10

One of a series of four triangles from
line Lo out to each of the four corners
of the area on the grounds f = focal
length of camera H = altitude of plane
at map scale. In order to fit it the
true ground distances at map scale it

is necessary to make them inclined which
indicates tilt of the photograph
Construction must include all of the :. .
four triangles.

o0 = principal point on ground,
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{5

Ahﬁ:

C D A

Fige 13
Four sides of the pyramid spread out with base or
ground level as a straight line. ©Oies of the triangles
scaled from four construction figures like Fig. 10
The lines normal to the base line through the apex of
each trinagle at L are the intersections of vertical
planes with the sides of the pyramid of Fig. 9 Each
of these planes must pass through the plumb line

e N

= . below the lens position and hence the nadir point
on the map. These planes are not shown on Iliga
9 excert where they intersect the ground or map
n plane.
B C
Fig. 12 :
Map to scale of the area shown in Fig. 9 showing how the nadir point n is
located by the interestion of vertical planes through L This position

mgy be then transferred to the photograph by the tracing paper solution of
the three point peoblem, here actually four points.

This lengthy solution is justified only for photographs at start and end of a flight
end then generally in rather rough country. Location of the nadir point aids in
drewing radisl lines. It does not aid in tilt correction where displacements'are
radial from the isocenter.

" e
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Rihn's method, "M~nu~nl of photogrammotry", 1944, pp. 274-289.

Introduction. Rihn's mothod is based upon three noints, preforably surrounding
the princinnl point,whose elovntions snd trie distrnces apart in o horizontal
vlane have been determined by a ground survey. It is first necesscry to find
the location of each point in n plans -t le'cl of the lowest of thom. Find the
orineipal point. Mensure dLut nee *5 onch control point. Compute displacement
by formmla 4 = (diff. eleve.) x (r-d “l UJUtQ dlSt“LCu)/(ulpV”tlon of plone). 4
point 200 fect obove drtum and 100 1. from principal noint is disploced with
photos tnken =t 14000 feet (200 x Lh, /14000 1.42 nn. oubwnrd. = Therefore the
locrtion to be used in correcting t:7,t must be moved by this ~mount townrd the
prineinal paint since the isocenter .s ns yet unknown. -

\

Mithod .” : ‘ . s

(1) Soleet the threespoints. (2) £ t dotunm plnne ~t lowest of them.

(3 Com ute clevaticn of nlana from ce~le = foenl length / elevation. g
(#) Compute. disvlrcenents, . (5) suye-be nosition of e~ch point in datum plone.
(6) Me~sure'in dinches or mm. langtl f ecch side of tri~ngle = P. m;~ e
(7} Find t“u actuel length 'of eseh 3¥de in feel or mcters = G. § et sl ko
(8) Cnleulnte sznle of ench side frori Jormula § = P/B. The difforent scnlds of

each side are shown ns Sh, Sm - 1M 81 a8 ratios. T s
B ) ' ’\\/U a
hy B B E%e tres ‘ ‘ -
contrel nHoinus
= plumb or rﬂalr pOLnt
isocentor
principhl noint ;

D e
I

il

il

d.mn D e

(2) After findins O (principnl urint) dros peruendiculars fronm it to nll sides of
the trisngle. HMonsure distonces L, i, ¥. Now ln y off the snme dist~neces from
the opposite corncrs of each side of tdu triongle. These will give "scale
points" h, m, 1. If the wort:ndieulcr fnlls on ~n oxtension of thc side of
triangle then lay off nnioxto uelon ~t other and. In every cnse the nidpoint
of tie dotun line is nidway t28ween the foot of the verpendiculnr ~nd tho
"sente point!. :

(10)Find ~ point "a" on linc hl <rmon formula ha = hl(8:-Sm)/(Sh-51) where S with
subscrints refors to the se'ie "t the throe "senlo points'.

(11)Dr~w ma, the "line uf const-n; ~nloh, nnd drom ~ nerpendicular oc to ma from
the nrincipal point and r~nothgr Trom ulth ;r h or 1 whichever is longer.

(12) Compute rnte of ckﬂngb in ou”lu, dS fron formuls dS = (Sh-Sm)/hb.

(13) Find thc scnle ~t o from S % S1 4+(0c)(ds) when o is on srme side of ma ns h

or So = 8n - (62)(d8) vhen o is on sanme side of 1~ ns 1.
(14) Find the ~ngle of tilt, t, freon formula sin t = iSdS wacre £ = foecnl length.
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(15) The »lumb or n~dip point, n, is on the linc oc on the side of o townrd the
hichor se~le cn & £.4°n t ~nd oi = f t~n(t/2) which plrces it almost holf
wny between gy ~nd o.

(16) If the tilt proves lawrge rome~t nll stops substitating n for o in Step 5.
Thon 8i = o +p1)(dS) in Step 14 ~nd H = £/(51) in Stop 3. In Step 4 d =
(n.R)(f#x sin t)/(E.f) + on nndir point side, -~ on »rincipnl moint side,
and x = nornendicular distonce from image noint to nxis of tilt. If h is
less thn 150 fcet omit this ecorrcction.

Exomple of o commub~tion:

Point Elovation h, fi. o = as e
A 592 1L o B.90 05 h = clevation nbove dntun
B 809 288 2910 06 R = distsnce from prineipal ph.
D o21 0 - »00 before correction
d = correction for relief
Iine 6, 7%. P i S = P/G Scn~le Line
AB 9574 620 648.65 S
B~ 8894 E.74 645 .42 S1 Lo 99
A 10398 6.80 655,98 Sl Ch-5h gt
; ! 0 7
hl = 2 78" heace nl = (2.78) (323)/(8.56) = 1.05" 4
hb = 1.42" (sc~lod) £
ds = (6a5u98 - 64@.65)/1.49 = 3.75 per inch
07 = 0.527 prery
fo= 048 65 - (O 52 x 3, 75) = 6456.70 e . o
aif t = (8,27 x 3.75)/646.42 = 04796 t =2 45' 7= o1 £t
L oz 8.27 x 0. Of"}’n = 0.397 in. e e
= 0.20" g RS R
Y e
— ‘4?. C &

Junmery. A comnon way to allow for errors in pornllex nensproment dus to tilt is
to dr.w o fronh of crror ~s doseribed in T. . 5-230, . 253-254 ond Bagley, pp.
¥58=1991 This method of chenging the set of the moinks for sfror in perallax is
mpolienble only when following contours. It has often boon observed thnt the
nere lonown clev-itions the moro eompleox the groph, which soems to indicote thag
distortion of the photorsraph in doveloping and printing is an inport-nt iten.

The only renl ~nswer to the tilt Hroblem lies in tho use of one of tho vlotting
machines such ~s the "multinler!" projection method where the position of the
photosranh is shifted until it s-~tisfies the ground control. For less exnensive
nmrchines the beost enswer lies in the Abroms method nlus limitation of the ares
used to the conter of ench thotogrrvh. This grently roduces errors but obviousiy
the more known “lev“tiﬁns there are the betieor. Elevation differences should
2lways be mensured from !mown clev-tions as closc to the point concerncd ns
possible. o cormut~ tlﬁns of ~bsolute »r relnfive %ilt will be required in
Problem 162 but you nust underst-nd the prineinles involved in order to ~nswer
guestiong in the finnl ocxnnin-tion.' See specifientions for finnl nep glven ot
stort of Problen 16a. Be surg you inelinde scale and nadip point.

I';30l?
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Supplefient to Frobledn 17y edition, 1950
Froof of Crones method. :
The method of getting true map rays from map location of photo where camera axis
was inclined can be solved by more than one method as explained before. The fact
that displacements on the horizpop line or line common to both photograph and map
is the one used by the U. S. . F, The Abrams "Rectoblique Plotter" is a mechan=c .
ical means of doing this, However;‘when the angle of depression is low in a high
oblique photo the lines from horizon to nadir point are very long and another
method is better, i.e. Crones. This method is briefly explained above but is
proved and corrected below. In Fig. 13 it is clear that we must obtain on the
photo the radius FN' from which to draw true map rays to all points which lie -
the same dlstance(ln the photo)below the horizons By projecting this radius to , ¢
the horizon line“Hl it is equal to Pfii Attention must then be directed to the '
trlaqgle hPP' which is here shaded with vertical lines. The distance HP' is the

S——

excess over the length of the desired line which is PYL, Fig. Mlis drawn in the
plane of the photo. Here are two triasngles. One is the same ag triangle HCL

of Fig. 3 here designated hcl and shaded with horizontal lines. This is in practice
mauve of celluloid or other transparent materigl. An arc with radius equal to HP
of Fig. 13 is dr:wn with center on prolongation of line hc; this arc is tangent to
horizon line and to prinpipal line HN' (draw1ng in Fig. 5¢is incorrect).

Next we must superiupose triangle HPF' here shown ms hpp' and shaded as before

8o that it has the ‘same relation as before being simply turned face up.

It is then clear thet the side hp' cuts off the seme amount of the side hl

as it does in l'J.g. 13, and that point p' is on the horizontal line through F,

‘he distance below, PN' is then the same as FN' is Fig. 13 and locates the point
on the plumb line from which true maps rays are drewn to all locations on this
horizontal line. 5

o borizon line .- v horizon line

ey ; el et

“arc with radiup =

plumb lihe

N'

P on this 1ine

principal ,lﬂw i
e |

T /o ./
Ki%Z{/ : \\\ e 1 v center for rays
s ;I?qufiﬁ ) for all points seme
: ' O A g distance in photo

% - below horizon

lefurences of elewatlor in oblique photos by U. S. A. F, method

The method outlined below was used with the obliques taken along with verticals
in.-the "trimetrogon" method used in the southwest Pacific area. It works only
when there are overlapping obliques all taken with essentially the seme angle of
deprossxmn. See Yig. 15 on followxng PagE.



FIG. 15 FIG. 16 17-10
vy H Horizon line H'
£ 7
T = angle 0" 43i1%

in | /
) 5 / r/
g .E%;???L’
Gphotos with displ&cemen//
reduced by distance £

/]
/ /

\

Frincipal point

R

KH (elevation of
plane above
datum)

Photo plane 3

IH = distance in photo
plene isoline to horizon

E actuzl elevation of m

ebove datum B' = gpparent
JSdifference in photo plane

‘ :
i \ \\ 4]
X //\// o ///E‘ epparent vertical displacmentd
AL L J‘*L“r'f in plane of photo
! &}-ﬁhaﬁ_la L fSoline or junction line
3 & 5 :
* SRS Dl-nyQ“w_“_“nnﬂmD2A_______.g. Section on principal plane of one

Disgram in photo plane showing converg-
ing line to vanishing point of each
photograph

Let m be & point vhose elevation is E feet esbove datum plane.
in Fig. 15 is the isoline or ground line where photo is equal o
Note that although perspective lines show only one position for m

spective line
map scale.

rhotograph showing relation of E'
to E and IH to H (elevation of plane
above datum).

Base of per-

the positionson isoline indica%e an apparent or parallex displacment of m here

denoted as d.
th

Hence d
ges IH =3

E' (D + d )/Ih
IH cos T

and dz

end H'= Henca

result thet E = Heq / (B +d)

For practiczl epplicetion refer to Fig. 17.

This is the sum of dy + do
« oum of D; + D, [Note that B is eccual to Vv
=E' (B + d) / IH
d s (d + B)

B
The right hand expression of the first proportion
Solving the second proportion where cos

otul distence of the air base, B is

Now dy = E' (Dy + dy)/IH
dlso E = E' cos T

end E/H = d4/(d + B )
is proved by similar triangles.

2

T hes been cancelled out giveﬁ'the

Here a datum planc was established

by a point Y of known elevation which is near principal plzne of one photo.

A woll marked point X near to the horizon end visible in both photos is then

selected and a ray to it through Y ,is drawn.
which is the bse roint for all meesurments.

ray intersects at O

4s extended to the isoline this
Similar reys

are drawn to the same vanishing pofht on the true horizon which pass through
m and through the plumb or nsdir point N.
Next the same reys are drawn to the same vanishing point on the adjacent photo.
The principles of perspective demonstrate that these rays are essentially
parallel on the map to thos:of the first photo. Using an inch scale measurments
are taken from the intersection of the base line through X znd Y to intersections

of the other rays on the isoline.
10- OO inches .

Both are extened to the isoline,

In this the reading of 0 is taken as equal to
B, the gir base is equal to the distance from the transferred



Fig. 17

horizon \'F
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horizon V2 ® i
k= )4 )
. R

r/ N (nadir point)

e T
—
e
[
—_—
e
/
(N e

bese line at O in right photo and the line from nadir point, N to same vanishing
point, V in right photo. d is the difference in readings of rays in each photo
to the point sought, m. H is the difference of sea level alitude of plane and
that of the base point Yo If m is lower than ¥ then the formula %iven above is

changed to B-d. B eand d are given in inches, H and E in feet.

his method is

very briefly described in a publication by Base Map Flant No. 1, G. H. @, AFFAC,

1945.

S o1

=\ :'\’ LO" $

« T. Us Smith's method of obtaining

photo is shown
lines dotted.

Draw line nh through principal point‘gi
t. Draw line 1 from ﬂ-to 0, the locetion of
shown by tilting the vert-
T _ical plene through the principal point «——
(lens) down into the photo plane..Gop is then

equal to the focal length of the camerea,f.
Lraw line 3 from wlto phmeking & right anglé' et o.
Using n as a center st rike arc 4 through peint e¥.l -

he lens as

| true vertical angles from oblique photos,
—/ from Fhotogremmetric Engineering, 1946
" In Fig. 18 the

plane of an oblique e
with the construction
/\.

=y

I, ]

FIG. 18
; ,//E;:‘a be a "point sought" for which the angle of depression

| Ao section with the ho

through both a' and n end place its corner

point O end point sought a. ‘he linel'? a

that the right eangle and protractor be combined.

is desireds Draw line 5 from n through a to its inter-

rizon st a' Take a right triangle 6 e
(nadir)here shown with the double solid linesend pass its sides ,

on B¢ 4, This determines point e L.
which is the same in space aslp but is here turned into the photo plane. In other
words the triengle na'e? is a representation of e vertical plane through lens

(1ine 7) is then drawn snd the desired
vertical angle a'9Ma' can easily be measursd with a protractor. Smith suggests

15 find elevution of a on the

map its horizontal distance from the map location of the photo must be found
by other methods. Compere with method shown in Fig. ﬁn Smith's method works
s short %ﬁd engle ofJ}ilt is consi%:

best with photographs where focal length i

erable. = d)
= L,—fcm_f PR L:__,(.E)f End of Problem 17. [rl ‘\\
> =~ ; 0
ke i : ﬂh"{,) r" 4
tuLtmT:EQm+m:ﬁt\v
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[ 24"



map scale 1" =1000}/’ >

7]

#

o5 1 i
3 .oy

L Qutside of photograph

Step 2.
Lay out perallel lines fox
horizon and ground line at
proper distance apart for
mep scale., Ley out line HO
with scaled length. ®hoose
two venishing points, V1 &nd
V2 et any sonvenient locations
H is also used g8 a vanishing ppi

Connect all venishing points wit _;pf,"+$- —~-/ Section line

0. Now V1- V2 -0 represent the. .—Ki;f I ,

nep plene. ¥istences aslong v 4 i ‘ Map Seale 1" =,1000°
the ground line zre to map scale, n i // ‘

By the theory of perspective all N g'

lines which converge to a single *?%a // \\\\\
vanishing point &re parallel on the # N

ground. Therefore, we draw lines
perallel to V1-0, H-0, and V2-0 each

of which pesses through the point of
intersection of & line to the vanishing
roint where it crosses the ground line. )
Draw such lines to at least two different
venishing points from each point it is desired

to'locates Intersection of two or more lines

drawn perallel in the mep plene gives the desired locations to map scale.

bautions Like the Canadien grid
systenm Rich's method applies only to
nearly flet country or to points &%
very nearly the same elevation.
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Make a contour sketchkf this photograph. Scale 1 inch to 280 feet,
Figures represent elevations determined by leveling. How can
you get disbances? Do you need additional information? The

camera was held 3 feet above the ground.
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