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CHAPTER V
DEVELOPING THE MAP CONTOURS

i

!
;f36. Use of Aerial Photographs for Plan Plotting

l In aerophotosurveying, all features of the ground relief are recorded on the
;phot.ogrq)h. In order to make a map from this photogreph, it is first necessary to
' %interpret the print and identify the contours and ther to transpose these contours
onto a map. This chapter will deal with the various methods of transposing the re-
lief features from a photographic print to a map.

If the photograph was taken at a strictly horizontal position and had no tilt,
%r.he image, in case of flat terrain, will resemble the actual map plan but at a cer-

tain scale and at arbitrary orientation. The aerial photograph is of much greater
\

|
value than prints made by geodetic surveys since it captures much more relief detail

|
lhrhich, in turn, makes it easlier to correctly orient the contours and furnishes val-

4Lmble data for many branches of the national economy (land management, hydrotechnol-
}ng, planning of communication lines, geology, etc.). The relative position of con-
l*t.ours is also much more accurately recorded on an aerial photograph.

]! If the aerial photograph was taken at a tilt, its image cannot be used directly
{Lo make a map. The distortion of the photograph (i.e., deviation from its plan), as
;shovn by eq. (10), increases from the center toward the edges. In cases of small an-
%gles of tilt, the central section of the print may be considered as undistorted.

!1"01‘ example, if a < 0.5°, f = 70 mm, and r = 65 mm, the maximum distortion at the

!

fedges of the central section will not exceed 6a = 0.5 mm.
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However, if the angle of tilt during exposure is 13° or even 5°, the resultant
distortion will not interfere too much with using these photographs for map making.
The distortion can be easily corrected by the transformation process which is a means

A;of projecting the print onto a tilted surface, compensating for the original tilt
:fron the horizontal. During the transformation process the image is also adjusted to
the desired scale, which is either enlarged or diminished compared to the original.

A more serious drawback is the displacement of points on a print, caused by the
irnnl;ure of the relief. If the magnitude of these displacements does not exceed the
ispecified accuracy limits of the map, which is common in areas of flat contours,

;then these prints are used directly for map making. If, however, relief distortion
iexceeda specified limits, then a special process of transformation is employed

|
(transformation by sections) or the map is prepared by stereophotogrammetric mapping

|

methods.

i

i This means that aerial photographs, irrespective of their position in space

|
(angle of tilt) cam be used to determine the contours of a map without field survey-
|

ing of the relief. Field surveys are used only to obtain supplementary information
§

to establish details not captured by the aerial photographs.

i However, the photograph gives the contours of the terrain but does not orient

them with respect to the coordinate system of the area (map), and appears at a
|
slightly different scale. It is therefore mandatory, even in the case of strictly

vertical photographs, to have two control points (whose locations on the map are

known). These are required for establishing the proper scale ratio between map and
Lhotograph and to orient the photograph with the coordinates of the map. However,
{;)hOMgraphs with tilt are used in the processing, which must be transformed. To
‘h:ransform the photograph, at least four control points of the photo must be avail-

;hble on the map. Some of these control points are determined by geodetic means and

]
bart by photogrammetric measurement of the prints.

Aerial photographs are not used exclusively for photogrammetric purposes. They

110
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are often of great help to the topographer in plane-table field surveying. There
are cases, especially under wartime conditions, when only a few sectional photo-
igraphs or a partial strip of prints are available for the terrain to be maspped, which

‘do not cover the entire area. In such cases, for the sake of speed, the topographer

jmust make full use of the available prints by interpreting them and transposing these
1

idata to a map. To do this, the topographer must be able to measure distortion and
|

it.o compensate for it.
i

i ‘Another valuable use for aerial photographs is in the revision and restoration
éof obsolete maps. Most of the corrective work in this case can be performed in the
'idrafting room or laboraﬁory by using the unchanged or basic relief of the map as
V‘Lcmt.rol points. Field surveying is necessary in this case only to establish the
:ldet.ai.l which did not appear on the aerial photographs. In revising and restoring

pbsolete maps measurement of the relief distortion of the aerial photographs is re-

quired.
|

i
B7. Photomap and Mosaic

]
] The easiest and fastest way of making a map from aerial photographs is by the

l!)reparation of a photomap. This fact has led to extensive use of photomaps in map-
é)ing flat terrain.
i The photomap is an area plan, assembled from aerial photographs which had been
Forrected for scale and for angle of tilt (transformed).

Preparation of a photomap comprises the following steps:

1) Photogrammetric densification of the control network;

2) Transformation of aerial photographs;

3) Assembly of aerial photographs by control points.

To make aphotomap,a grid of geodetic control points is needed, while photogram-
etric work requires the processing of the photographs at a station using complicated

Anstruments, such as transforming printers. 1In cases in which high map accuracy is

Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R000900010007-0



anitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R09000’I 0007-0

mot required, e.g. for general study of an area, preliminary exploration, small-area
‘topographic work (relief survey, field interpretation) an uncontrolled mosaic is
‘often used.
o An uncontrolled mosaic represents an assembly (composite) of aerial photographs,
_iljoined by their common contours, without the use of special control points. Contact

|prints are commonly used in such mosaics. These prints are not corrected for tilt

“ldistortion and are not brought to a common scale.

_{38. Making en Uncontrolled Mosaic

i

! The simplest method of assembling a mosaic from adjacent photomaps is through
S 'joont.our points located in the overlap section of the prints (Fig.'53). However, due
’ #o scale variations and tilt distortion, it is impossible to make all contour lines
‘Poincide, so that it usually is attempted to match points having the least distor-
!Fion, e.g., point a and b of prints 1 and 2 (Fig.54), or points c and d of prints 2
:Pnd 3, or points k and b of prints 1 and 23 in the adjacent flight strips located
%plong the line ab, cd, kb of the overlapping prints. After pPlacing the photographs
#n their overlap position, the accuracy of overlap is checked by meking pin pricks
Lbrough the top print onto the bottom print for selected contour poxnts. For exam-
“)le. if the points ¢ and d do not coincide, because of scale differential of the

prints, then analogous points €2, c¢3 and dg, d3 are determined on line cd in such a

|
pey that points c3 and d3 would be located at equal distances from points c9 and do,

*mt in opposite directions.

! The contour points a and b, ¢ and d are selected relative to the terrain, usu-
plly having the same elevation, so that their relief distortion variance would be
Bt a minimum.

; After matching the prints in overlap, they are held flat with weights and cut
ht.h a scalpel along line ab. The line of cut is usually not straight, in order to
p.nt.ersect a given contour line as few times as possible and at less sharp angles.

!

¢
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_The cutting line is made in zones of best coincidence of contour lines and in zones

of similar hatchures depicting the terrain.
Next the prints are cemented to a sheet of cardboard or heavy paper, leaving the
.edges unglued since they may be cut off in mounting the next photograph.

After cementing from 2 to 4 prints of one flight strip to the board, the adja-

i
mounted, and the work is continued simulta-

icent prints of another flight strip are

véneously on two to three flight strips. For example, print 23 (Fig.54) is mounted by

1 J

23

Fig.54 - Selecting the Direction

Fig. 53 - Overlapping the Prints
of Cut

i
ithe above method, while print 24 and the following prints are mounted simultaneously

;along both sides of the overlap, side lap and end lap, along the points b, n and

i
!b, d. If the contour points do not coincide, tihe print is mounted in such a way

!
jthat the discrepancy is at a minimum. The prints are cut at this time along the

ilines of the end lap. A strip of thin celluloid (0.2 mm) is placed under the prints

|
ito be cut, in order to protect the print below it as well

|

yside lap is trimmed off after all or a major portion of a

as the base mount. The

flight strip has been

of errors due to inaccu-

113
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the center of the middle flight strip.

To minimize the errors, due to rotation of the photographs and the bend of the

‘. ';flight. strip, the mounting is often done along the initial radial (direction between

6‘ it.he centers of the prints). The center points are pin pricked on the prints (con-

C t“:dbour points with a circle outline of r = f; : 50 around the principal point, which
L I €0

lz:}djlcmt prints. The radials are then marked on all the prints from the center point
14

“jcan be easily located on adjacent photographs). These points are also pricked on the

pf a given photograph to the images of the center points of adjacent photographs

(Fig. 55).

The prints of a strip in such a case are no
longer mounted according to the points a and b,

but by superimposing the initial radials o;0, of

—— |

the first photograph and 0903 of the second print.

Having aligned these directions, the prints are

Fig. 55 - 'Initial Radial shifted along them until their common contour
point kj; is aligned. This point lies half way along the initial radial or, other-
|wise, at the center of side lap. The rest of the flight strip is mounted, pasted,

{
and trimmed by the above-described method.

39. Transforming Aerial Photographs

In transforming of prints, they are corrected for distortion due to angle of
tilt during photography and are made to conform to a common scale. The solution of
this problem lies in the process of conversion (transformation) during which the im-
age of the tilted print is projected onto a horizontal surface, compensating for the
initial tilt.

The principle of transformation can be explained as follows:

Taking into account the external and internal elements of orientation we place

ithe photograph into such a position, with respect to the horizontal plane, as it
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occupied at the instant of exposure. Or, having illuminated the print from above,
we can establish the relationship of its Projected rays aS, nS, bS, cS, oS, dS
(Fig.56) which will pPass through the points A, N, B, C, O, D, on the horizontal
plane of the screen E, the image on which will be corrected to resemble the image of
ja true vertical photograph. By altering the height of screen E with respect to

area T, i.e., the distance of the screen from the center of projection S, the scale

Fig. 56 - Principle of Transformation

f the image on the screen is changed, making it conform to the desired scale of the
rint. By placing a sheet of photographic paper on the screen and exposing it, a
‘.prxnr, corrected for tilt distortion and at the desired scale is obtained.
; There are several ways to accomplish transformation of prints. These can be
{dxvxded into four categories: optico-mechanical (transforming printers), optico-
'graphxc (projectors and tracing instruments), mechanical-graphic (perspectograph)

|
land graphic. The first two methods are conventionally used for production.

;’d). Graphic Method for Transforming Aerial Photographs

The graphic transformation of prints is performed with the aid of perspective

115
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grids whose construction was described in Chapter IV. After constructing the per-
spective grids on the plan, the perspective contours of the photograph are trans-
_posed onto the plan square by square.

Rhen making a plan where a < 3° it becomes difficult to comstruct a grid of the
type described in Chapter IV, since the line of the true horizon h;h; in this case
}.l.ies at a great distance. In such cises, the grid is plotted on the plan with the

“ _ifollowing arrangement of the perspective image (prinmnt).
v Let us assume that the following contour points are available on the plan: a_,

b,, c,, d,, n,, k,, which represent the points a, b, ¢, d, n, k on the photograph

?‘.

Fig. 57 - Constructing the Family of Radials

;(Fig. 57). Let us draw a family of radials teo all points on the map, denoting the
;apex by a,. Next intersect this family by an arbitrary line rr and mark on it the
époint.s of intersection for b', n', c', k', d*, Then, draw a family of correspond-
!ing radials to the points b, n, c, k, d from point a. By transferring the line rr,
;'it;h its points of intersection, from the map to the print and aligning its points
,;’b', c¢' and d' with the radials ab, ac, and ad, then all other points on rr (e.g.,
;n', k') will coincide with their corresponding radials (an, ak).

The above-described principle of perspective representation can be used for
‘transferring radials to definite points from the photograph to the map. In this

case, the number of points on the map, corresponding to points of the photograph

must be not less than four.
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1

Let us assume that we have the points a,b,c,d on the photograph and the corre-
sponding control points a,, b,. c,. d, onithe map (Fig.58). Joining these points
with straight lines, we select on them poi%nta 1,2,3...,4,5,6..., 7,8,9...,10,11,12.
(In selecting these points it is simpler td have them divide the lines into equal por-

tions, which, however, is not necessary. Next draw radials from point A to points 1,

Plar
Fig.58 - Constructing the Perspective Grid

2,3,10,11,12. Placing a strip of paper across these radials in an arbitrary posi-
‘|tion, we mark on its edge r;r; the points b', ¢', 4', 1', 2%, 3', 10', 11', 12', at

Ithe intersection with the radials. On transferring the strip of paper to the map,

"lits points b', c', d' are matched with the rays asb,, asc,, and a,d,, after which

oo

' |{the points 1', 2', 3', 10', 11', 12' from rijry are pricked on the map. By drawing

¢ _|section of these rays with the sides b,c, and c d, the wanted points 1, 2

rays from point a_, through the pricked points marked above, we obtain at the inter-

o’ 30’

—100, 11,, and 12, whick are the projections of points 1,2,3,10,11,12 of the photo-

_lgraph.

Taking the point ¢ as the vertex of the rays, radials from the point c to

:.pnin.t) 7.8,.9,4,5,6 are drawn on the photograph, Then, these radials are transferred

SS;o the map with the aid of the strip of paper rgrg which is now oriented by the ra-

117
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O oo
~Jdials c b

o' o
_Iwith the sides a_b, and a,d, will give the wanted points 4. S5 6go-Tge Bgo 9y O

|joining the resultant points on the map hjj astraight lines correcponding to a single

photograph, a projected grid is obtained, which makes the transformation possible.v
The contours must be transferred to the grid with the aid of proportional divi-

ders.

._141. Optico-Mechanical Method of Transforming Aerial Photographs

As pointed out previously, the optico-mechanical method of transformation is ac-

icomplished with special instruments, known as transforming printers.

The principles of transformation, using a transforming printer of category I,
described in Section 39 (Fig.59).

In transforming printers of category I, the elements of interior orientation
“jare used for correlating the projected rays of the photograph. To accomplish this,
_[the principal point of the photograph, contained in the magazine, is aligned with
tthe principal point o' of the camera K of the transforming printer. The distance
So' batween the nodal point of the lens S and the principal point o' of the camera
of the transforming printer is adjusted to be equal to the focal length f; of the
aerial camera. The photograph is illuminated from the rear by a light source and is
iproject.ed through the lens S onto the screen E, which can be rotated about the hor-
izontal axis aa. The horizontal axis of rotation of the screen is attached by means
lof the stand 2 to the disk 3 which can be rotated with the screen about the vertical
" |axis by a handwheel 5. This rotation makes it possible to give the screen any de-
"|sired position of tilt in space. The carrier 4 can be moved along the base 1 of the

‘|instrument, by turning the crank 6, parallel to the principal ray o'S, which permits

“[the required scale of the image to be set on the screen E. However, moving the
iscreen away from the lens will disturb the optical conjugation of the planes P and

{E,i.e., the sharpness of the image will be lost. To maintain good definition at var-
|

118
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0 __

_llarge variety of lenses of different focal lengths. Due to this fact, work with

]
transforming printers of category I is indonvenient so that they are not used in prac-
TjEiee ‘ i

i

Transforuing printers of category II ;are now widely used. They distort the pen-

_|cil of the projected rays, obtained durin# photogtfaphy, but give the correct per-

_|spective of the plane of the photograph P and of the plane of the map E. The prin-

"Jeiple of operation of the tranaforming printer of category IX is as follows:

Fig.59 - Transforming Printer of Category I

The basic principles of projective geometry, as describsd in Chapter IV, indi-
cate that to construct a perspective image of a given object, it is necessary and
sufficient to know the location of the principal vanishing point i, of the isocen-
ter c, and of the picture base tt and that a parallel displacement of the line tt,

1in the plane of the picture, does not disturb the similarity of the perspective rep-

lresentation but merely changes ths scaie. Consequently, if the position of these

}nain elements i,c, and tt remains constant, any change in the other elements will
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Inot disturb the respective coincidence begween the planes of the pbotogra;h and map.
Let P be the true position of the piétnre plane and E_ the true positiom of the
"‘plane of the acreen, i.e., parallel to thez plane of the area (Fig.60).

"""Now if the screen is moved from the ;;o-ition' E, to some other position E, and
the lens from the position S to a poaitiolé S', and if the condition is satisfied that
the location of points i and c on the plnie P remains constant for the new angle a’,
then the mutual perspective relation of tl@e photograph P and the map of the plarne E
will remain undisturbed, i.e., an image cv.;rresponding to the horizontal photograph

__|is obtained in the plane E, which solves éhe problem of transformation,

Fig.60 - Transformation of Category II

From the condition that the position of points i and ¢ at the angle a' is to

remain constant, the new position of the lens S' is defined as the point of inter-

' _isection of the ray iS', forming the angle a'c with the picture plane ic (since, from

|the definition of the principal vanishing point, the ray S'i sust be psarallel to the
1

a
plane E of the plan) with the ray cS' forming the angle 90° — Twith the line ci.

!
i
|
i
i
[
{
I
|
|
[
{
[
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— From the isosceles triangles ciS and (ciS' it follows that iS' = ic = fy i sin a.
_lAlso note that trisngles ciS and _ciS' are ji-osceles. since the angles formed by the
&_ ] 3
—Jsides cS, for the first triamgle, squals 90° - —;—— , and the angles formed by the sides

b

€ ._ e e e e o g e e e ‘' < O
_|cS", for the second triangle, equal 90° —% . This means that iS' = ic = iS =
{ ) 6| . '
- = fy : sin a.

10 |
] Therefore, in performing transformations of the second category the following

12 .
geometric conditions must be satisfied.

ya_
16 |
__|horizon trace of the photograph and the new center of projection.

1. The plane of the screen must be parallel to the plane passing through the

2. The point c which had been the isocenter with respect to the terrain must
_| remain the isocenter with respect to the plame of the screen or, in other words, the
-|new center of projection must lie in the plane of the principal line of the photo-
graph and also on a circumference of the radius fy : sin a, drawn from the principal
;vanishing point i.
In addition to the specified geometric rules, certain optical laws have to be
"lobserved in the design of transforming printers, to ensure satisfactory definition
of the image on the screen under any conditions of its tilt and measured scale.

The two optical laws of transformation are:

1. Maintaining optical conjugation of the points on the photograph and screen,
.iwhich are located on the principal optical axis of the iens. This law is asually
7 expressed by the known optical formula: _tll—i + diz ~F where d; and dy are distances
from the negative to the lens and from the lens to the screen, while F is the focal
. length of the lens of the transforming printer.

2. Maintaining the optical conjugation of the tilted plane of the negative and

!screen. This law will be satisfied if the plane of the negative and screen inter-

sect the principal plane of the lens of the transforming printer along a singie

_ ;straight line tt.
T
!

With respect to design, these conditions are satisfied independently, and taken

1
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,miinto consideration in the construction of various transforming printers.

.

9.

"149. Short Description of 'Txu-.nlfor-iggl’tin;ters
w. ‘The MGI Transforming Princer -

The MGI transforming printer was designed in the shops of the Moscow Geodesic
_{Institute (now MIIGA i X), under the sup'?rvision of Professors P.P.Sokolov and

| N.M.Aleksapol’skiy. The instrument is dei;igned for transforming photographs 18 x 18

lcm in size, at small angles of tilt (sbout 5°). A general view of the MGI printer

3 : 'is given in Fig.61.
The parts of the apparatus are

jnonnted on a special frame 1, which forms

the base of the inastrument. The screen 3,

1
. { _ ' the lens 5, and the negative holder 4 are
| attached to the horizontal axis 2. The
|
| lens illuminator 6. is placed over the neg-
|
|

) ative. The horizontal axis of rotation of
v the screen is rigidly mounted to the base
of the instrument, and the lens and nega-
tive are suspended on brackets that cam be
shifted aiong the vertical guide wheels of
the base plate. This shift produces a
change in the distances from the lemns to
the screen and from the lens to the nega-
tive, which results in a change in the
Fig.61 - The MGI Transforming scale of the image on the screen. The
Printer

scale is changed with the aid of the spe-

cial device 7, termed a scale inverter, which ensures constant opt.ical conjugation

l
|
)
1
i
1
i
i
!
|
|
)
i
i
!
1
|
]
|
i
|
!
i
|
|
+

of the points of the negative and the screen with respect to the vertical axis of

122
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the transforming printer. The scale inverter is actuated with the aid of the pedal-
wheel 8. ) : R
The screen, the negative holder and ﬂjhe objective are all rotatable about their

B I R | . X S
horizontal axes 2 for setting the proper sngle between the negative and the screen

;(the rotation of the lens is mecessary to
_E-nint.ain optical conjugation at tilts of
ithe negative and of the screem). The rota-
;tion of the screen, negative, and lens
‘about their horizontal axes is effected by
:-e-ns of the special devices 9 and 12, as-
;snring satisfaction of the other geometric
and optical conditions of transformation.
The device 9, termed a perspective in-
verter, automatically ensures optical con-
Jjugation of the planes of the negatives
and of the screen at the tilts produced
over the pedal-operated wheel 10.
The geowetric conditions of transfor-

mation in the MGI transforming printer

i are automatically satisfied by using the

g N D 7 ) . parallelogram inverter 12. The parallelo-
gram inverter keeps the screen at all

; Fig.62 - Large Transforming Printer times parallel to the line S'i (see Fig.60)

:'hile equality of the distance S'i to the quantity f} : sin a is achieved by setting

:the so-called adjustable focal length f, on the scale 13. The tilting of the screen

;md negative in the MGI printer is effected only in ome direction (about the axes

2); consequently, the principal line in the transforming printer always occupies an

|
f
fenbirely definite position, perpendicular to the axes 2. Therefore, it becomes

123
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necessary to rotate the neg‘iive in its plme in order to meke the ;;“inciip;l line of
.ithe aerisl photograph (the negative) coim::i.de with the principal line of the trans-

forming printer. This rotation is effected by manual reotation of the negative holder

'

H - - [

|in its plane.
The lens of the transforming printer has a variable diaphragm and is equipped

jwith a red optical filter. As stated prev‘ionsly, the MGI transforming printer is
12 {

designed for the transformation of aerial gphotographs with angles of tilt not ex-

¥4 .| :
__lceeding 10° at fy = 200 mm, or 5° at fy = 100 mn. The scale ratio may be varied from

16 .
_10.5 to 2.0.

18 __

50| b. Large Transforming Printer ( FTB)

The FTB transforzing printer (Fig.62) is a precision instrument that allows the

transformation of aerial photographs as large as 36 x 30 cm at angles of tilt up to
-136° and scale ratios ranging from 0.7 to 5.0. The large printer has exactly the

' isame principal motions as the MGI printer, but the control of the motions has a
w’different. design, due to its basically different realization of the conditions of
correct transformation.

: The Screen 3 of this transforming printer may be tilted about the horizontal
axes 2, which are rigidly attached to the base 1 of the instrument. The lens car-
rier 5 and the negative 4 can be displaced vertically with the aid of the pedal-
operated wheel 8. When this is done, the optical conjugation of the negative and

screen points about the axes of the instrument is obtained with the aid of the rec-

tangular scale inverters 7.

i The lens system in the large transforming printer has no tilt mountings and its

jaxis is always vertical. The condition of perspective optical conjugation is satis-

| fied by means of the corresponding tilts of the negative and screen, using the per-

I
| spective inverter 9. The screem itself is tilted by turning the pedal -operated

,’iheel 10.

!
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“The geometric conditions of correct qransfbr-t1un are not satisfied sutoma

}_c_nlly in the large printer but by a codndnnon of sepearate movements. When the

4
.%screen is tilted, so-called longxcudxnnl eccentrxng of

the negative is introduced,

Fig.63 - The Small Transforming Printer

e negative is displaced until the isocenter coincides with the bisector of the an-

gle a' (Fig.60). The longitudinal eccentring of the negative is effected over the

h-ndle 14.

In addition to the longitudinal eccentring, the negative may also be given a

transverse eccentricity — a linear displacement along the axes 2. The negative is

125
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!

rotated in its plﬁe b& 't;h”eml.mndle'll.
The illuminator of the large t.xmfot;-ing printer conaists of the elliptic mir-

ror 6, with an electric bulb placed in itd" focus. To ensure greater uni formity of

_|illum=inaticn on the hééaffive, "a frosted d:ésk of "A;tri)l;;:é;r mc;i“i;xloid, wax, or other

transparent material is provided.

c. The Swmall Trnnsfor-in‘ Printer (FTN)
13

This printer (Fig.63) is designed foqEL processing aerial photographs up to 30 x
1% 30 cm in size at angles of tilt not gre‘lter than 9° and at scale ratios ranging
|from 0.7 to 2.5. The screen 3 of the small printer, exactly as with the 2 preceding
;instr_ents. is attached to the base 1 offthe instrument, while the negative and
_|lens may be displaced vertically by means ;of the pedal-operated wheel 8. The screen
N may be tilted about the two mutually perpendicular axes 2 by manipulating the wheels

110'. The tilt of the screen is transmitted over the flexible shafts 9' and the cor-

Table 7

Type of i 1 Scale Focal
Transforming i Ratio Length of

Printer the Aerial
Camera

MGI 0.5-2.1| 100 - 250 38 x 45

Large 0.7 -5.0 ] as desired 100 x 60
FIB and
100 x 100

Small 7-2. as desired 60 x 60
FTM

responding transmissions to the lens 5, which also can be rotated about two mutu-

ally perpendicular axes. The negative 4 has no tilting arrangements. The geome -

not automatically fulfilled. Since the screen is tilted about two axes, the nega-
tive also moves for its linear eccentring in two mutually perpendicular directions,

Longitudinal eccentring is effected by the aid of the screw 14, while transverse ec-

o
|
I
|
|
{ ~"Ct1c conditions of transformation, exactly as in the large transforming printer are
i
|
|
|
|

126
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centring is per‘férnmea‘;;.;l—l;’lhl‘y.vﬁe n&&ﬂ#xve does not rotate in its own plane. Opti-

i

ical conjugation is obtained over the scald inverter 7,

The illuminator 6. of the small trnudor-ing printer, as in the large type, comn-

§

sists of an elliptic mirror. ]

i

The principal characteristics of the ,;r.rnnsfor-ing printers are given in Table 7.

43. Transformation of Photographs in the 'transfor-iﬂrinter

Aerial photographs may be trmfor-ec# by the optico-mechanical method, either
from known elements of exterior orientatiq:n or from contrel points.
When the elements of oriemtation of Q‘he aerial photographs are known, tramsfor-

i
tion can be performed by setting the trgnsforming printer to the correspending an-
]

“igles between the plane of the photograph and that of the screen, and to the required

ldistance between acreen and center of projection. In modern production practice,

“|however, the elements of exterior orientation are usually known with insufficient
""|accuracy. For this reason, the reconstru¢tion of the perspective correspondence be-
|tween the planes of the photograph and the screen (transformation) is solved by us-
"|ing control transformation points. Such points must be first identified and pricked
_{on the photograph, and then located on the system of coordinates of the map and
|drawn on the plotting board placed on the screen of the printer. The plan position
Jof the transformation points is defined from the photogrammetric density of the plan

’ _|geodetic base.

The transformation of an aerial photograph is accomplished by the displacement

_jof the images of its transformation points from their position on the board.

If we project the transformation points a, b, ¢, d of the photograph P (Fig. 56)

_| through the lens S onto the screen E and match resultant projections with the plan
| peoints a,, b, €5, d,, then the correaponding angle between the planes P and E will

I be defined, and the photograph P will be transformed. On the screen E we obtain an

i-age of the photograph P, reduced to a horizontal photograph and to the scale of
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©

Y e e e e e e I
—jthe map. The images of the trmfomt.ioq points of the photograph are matched with
2__ 1

_jﬁh_sig_misigg,s on the acreen by means of:,g, a) rotation of the photograph (and of the

4
with the control points on the aereen)g in their plane, to orient the image with

6

e e e S i I, N
respect to the map; b) tilting the phocogl,-ph; ¢) changing the height of the screen

to reduce the image of the photograph so dbtnined to the required scale.

TERSECT) o AL

TRANSVERSE 1N

LINE 0!

Fig.64 - Transformation Points

For transforming the photograph on a transforming printer of category I, it is
_Isafficient to know the position of three non-colinear transformation points which
lare recognized on the photograph. In this case, the problem consists in determining
“|the spatial position of the plane of the screen with respect to the reconstructed
_|pencil of rays. The spatial position of the plane is determined by three points.
"|At different intersections of the pencil of rays by the plane of the screen, differ-
_|ent positions of the images of the transformation points of the photograph will be

lobtained; by matching them with the control points of the board, the singular posi-

ltion of the plane of the screen is obtained.

In the general form, however, when a pencil of projecting rays condensed dur-

ing photography is destroyed, as it happens in transforming printers of category II,

'
1
t
{
.
'
'
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C . o . . - S e
ithree transformation points are insufficient for transformation of the photograph.
wi . It is proved in Projective geometry bfhnt if, for two mutually projective planes

“Hof the Photograph and of the map), the m :t.nnl perspective relation between four non-

b4

_lcoplanar corresponding points of ‘these Planes is reconstructed ‘through a certain cenm-
ter of projection (Fig.56), then the perspéective relationship is automatically re-
stored for any other pairs of correspondi:{; points of these planes, i.e., the mutual
] perspective relation of the planes thene]éves is now recocnstructed. Therefore, for
.{transforming a photograph, it is necessnr; and sufficient to have four transforma-
tion points which do not lie in a single atraight line.

The transformation points x are usually selected near the working angles of the
photograph (Fig.64). They are, consequently, located at the center of overlap of

four adjacent aerial photographs from two adjacent flight strips, i.e., at the cen-

“iter of their end and side laps.

The existence of supplementary control points markedly increases the accuracy
of transformation, especially in working with large and small transforming printers.

The center of the photograph is the most advantageous position for such an ex-

i
!
{

1
{
i

cess point. For this reason, a fifth excess transformation point at the center of
the photograph is very desirable; this is usually obtained when the transformation
:points are determined photogrn-:etrically.

The images of the transformed points are matched with their positions on the

screen of the transforming printer (on the plotting board) by the following manipu-

lations:

Change scale, tilt the screem, rotate the

MGI Transforming Printer IR
photograph in its plane;

Change scale, tilt the screen, rotate the

|

|

!

|

| Large Transfor-ing Printer photograph in its plane, eccenter along
; (FTB) principal vertical (longitudinal);
i
!
{
/

Small Transforming Printer Change scale, tilt the screen, about two of
(FTM) its axes, longitudinal and lateral eccentricity.

129
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44. Proparing the Photographs and the Basq Plan for Transformation

Prior to transformation, the photogrq‘phs are prepared &s followa: =

l. Prepcr;tiou of Negat ives. 'ﬂus ]*reparut.lon consxsts xn prxckxng the trans-

formation points and the field control panta The size of the punched holes is kept

"jto 0.1 -0.2 mm so that the prick marks atq :ho'n with sufficient clarity on the

"|transforming printer. ’
2. Compiling the Transformation °* B-qiis ”. Due to the fact that the rigid

_'fploct;ng board on which the control and tri-nsfomtlon points of the map are marked,

generally does not fit onto the screen of the
‘—7 ;:o:-uu'.er,5 the points are copied from the map onto a
strip oé transparent paper by prick marks and from
there onto the tracing paper. Usually, such base

composite is prepared for an entire flight strip

i

£ N B . - .

] o e mosaic. or prominent relief o con-
T f th For p t lief of the

trol points of the area, ‘‘ corrections for relief ”

Introducing the are introduced. These points are marked in India

Correction for De-
ink by circles of approx. 2 mm diameter.

formation of the
Paper 3. Determination of ““ Shrinkage for the Photo-
graphic Paper ™. Since, after transformation, the photograph is developed, washed
and dried, the photographic paper becomes deformed or * shrinks ™.

This shrinkage is determined by placing a piece of cardboard of determined

__jthickness under the base sheet. After transforming the photograph in this position,
%tbe cardboard is removed and the pPrint is exposed onto a sheet of photographic pa-
Per, placed directly on the screen. If no cardboard is used, the length of the
rays from the lens of the transforming printer to the screen increases, cansing the

age to increase to a size of L (Fig.65). Therefore, the problem consists in using

& cardboard having a thickness N corresponding to the shrinkage indicated by the

-__._,.....—‘1..._,

ize increase of the image. If S' denotes the lens of the transforming printer, E

130
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B S

O

| the aé;;i:, and E' the cardboard liner, then:
9.

nidy= (-4 :L
Y G L 23
n:d, (lu— r)

“{where £ : L = K denotes the coefficient of reduction in size of the image when using
"_|a cardboard liner and which must be equal to the coefficient of shrinkage of the
":'phobogrqahicv Paper; ad; is the distance from the leas to the screen.

To determine the coefficient K of the shrink-

age of the photographic Paper, several contact

prints are made of an exact grid of squares having

sides of 5 mm ea_ch and, after drying, the segment

4, (Fig.66) is measured for correspondence with

the known original Li'

Thus, the coefficient of drying can be deter-

Fig.66 - Measuring the mined from the relation K = 34 : 3L so that

ple on a Grid
eq.(23) will be:

a (1- 2
n=de =

45. Technique of Transforming a Print on a Transforming Printer

!
!
!
]

The screen is set in a horizontal position, and the eccentricity values are set

a4

!

i

[

;to readings of zero. The negative is inserted (with the emulsion side down) into
!

I

;. “|the magazine of the transforming printer, with the center of the print aligned with
the center of the negative holder. The cardboard spacer is placed on the screen
over which the base with transformation points is placed. The negative and the base

copy are rotated so that the print will lie diagonally along the axis of the screen

;the center of the base.
|

e LU S
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By vnr&ilng the acale of the 1--gg, tHe t.x'msfora;tia;_fight spot.;wl and 3, lo-
icated along the axis of the screem, are then matched with the corresponding. points on
the base (Fig.67, points of the base in bliack).

If after this, the points 2 and 4

! P -

0.4

v

Fig.67 - Change in Tilt of the

Fig.68 - Rotationm of the Photograph
Screen

in its Plane

fail to coincide, the image trace 5 - 4 shéuld be enlarged, and the trace 5 - 2 re-

duced in size; this is achieved by tilting the screen toward the observer (point 4

is lowered and point 2 is raised ). After tilting the screen, all image points and

Fig.69 - Noncoincidence of Points Fig.70 - Additional Tilt of Screen
caused by Relief

- ~the points on the base may still fail to coincide, as shown in Fig.68. In this

o

--jcase, obviously the part of the image around the point 1 should be enlarged, while

the part of the image around point 3 should be reduced (the sides 1 - 2,1-5,1-4

Lol
R

This is achieved by

,to be enlarged, and the sides 2 -3, 5-3, 4-3 to be reduced).
i
|

,. jrotating the print (together

with the base) in its plane (in the small transforming

132

Sanitized Cop proved for Release 2010/09/15 : CIA-RDP81-01043R000900010007-0



Sanitized Copy Approved for Release 201 0/0/15 : CIA-RDP81-01043R000900010007-0

'

1

[ C—

-
- \graph _near point 3 having the sides 2-3, 3 -4 will be projected onto the part of
4_
the screen that had been moved upward and ithus will be reduced in size (compressed).

3

2

iy -

0.

12

OF 1MAGE

0
[
[ ]
[ ]
[}

D $PLACKMINT
—

OF NEGATIYX

¥4

16

@ oivLicounr
- wp sl .-

. DI SPLACDMENY

oe

Ptptyusapuyl
OF NLOATIVE °

L

Fig.71 - Longitudinal Ecceatring

_|The part of the print near the point 1 having the sides 2-1, 1-4 will be enlarged
A (expanded) and shifted to the lower portion of the screen.
It should be borne in mind that the change in the image produced by amy of
‘"|these manipulations is more pronounced in the lower part of the screen.

Due to the fact that each mamipulation some-
@7 [C ¥4 what disturbs all previous settings, the image

—— ce s ‘X3 of screen points are matched with those of the base by
DISPLACEMENT DI SPLACEMENT
OF NEGATIVE OF 1mAGE successive approximations, repeating the above

ce3? cowy
“‘-—l operations and correcting the scale setting each

time.

Fig.72 - Lateral Eccentring

Occasionally, a case arises when the four
_{orientation points coincide, but the central point will still be out of alignment
lalong the principal line (Fig.69). This discrepancy is explained either by errors

{in the determination of the points for transformation or the influence of the dis-

" |placement of the picture points due to relief. At the points 1, 2, 3, and 4, these

s
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A

erro;:-n:i be inaccurately ei}-xi-ted, tlﬂs le;ding to errors in set.txng?l:—e?;l‘::
dand to non-coincidence of the point 5. 1141- non-coincidence may be somewhat improved
by tilting the screen, since this will c;df-e the points 3 and 4, located in the low-
ered part, to be displaced faster, i.e., fhe sides 1-3 and 3.4 Siii Ee changed

more than the sides 1-2 and 3 ~4. The scireen is given a tilt (raising the part with

the points 3 and 4) until the position shdwn in Fig.70 is reached. By changing the

scale (enlarging it) a better matching of the points is accomplished.

In the transformation of photographs jon the large and small transforming printer
where the geometrical conditions of transformation are satiafied with a simultaneous
eccentring of the photograph, the pattern }iof non-coincidence shown in Fig.71 or 72
will be obtained, after the above -mipul#tims have been made.

At longitudinal eccentring of the neé-tive along the principal line, the image
is elongated along this line, if it jis displaced to the lowered part of the screen
_jand is compressed during displacement into the raised part of the screen. In this
'case, the displacement of points (Fig.71) is accomplished by longitudinal eccentring
“lin the direction shown in the diagram (with the screen tilted toward the observer),
followed by a change in scale. In the position shown in Fig.72, however, the dis-
placement of the points is accomplished by application of transverse eccentring, as
lindicated in the diagram for the case of tilting the screen on the side of the ob-

server, In lateral eccentring, a torsion of the image occurs since, during dis-

iplacenent of the image along the axis of the screen, points 3 and 4 located in the

rlo'ered part of the screen, will be displaced faster than points 1 and 2.
When transforming the photographs on the large transforming printer, no later-
1 eccentring is used or only on a small scale, in view of the lack of centring of
‘!the negative in the holder.
The above manipulations will cause the image points to be matched with the cor-

responding points of the base by a series of successive approximations. Due to er-

i
l
|
!
!

jrors in the position of the transformation points and due to the displacement of the
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;lnct.nre points caused by relief, it may be impossible to achieve co-pievl;e“c‘oil;ci—

~: !dgme of the points. These misalignments 'must not exceed 0.3 mm. Ax _larger errors,
4 .

_.ithe transformation points must be checked for accuracy.
6 .
1S3

_1' After the photograph is transformed, ithe base and cardboard liner are removed
_from the screen, the lens is covered with a red filter, a sheet of photographic

0.
_jp-pet is placed on the screen and the photograph is exposed after removing the fil-
12
lter.
14 ..
] During exposure and developing, all photographs on the plotting board are made
16 -
_luniform in tone, i.e., the images of the same contours are produced at equal photo-
18
_lgraphic density.
20 .

9/

29 |46. Application of Corrections for Relief

9¢

i
|
| As shown previously, the transformation of photographs is achieved by the method
|
|

of polyconic projection for the case of photographs with a tilted plane, by project-

7 ing them to a horizontal plane. This method of transformation compensates for the

L

distortions of the photograph caused by tilt
but not for distortions caused by ground re-
lief.

Assuming that photograph P (Fig.73) con-
tains an image a of the terrain point A, and

that a_a denotes the distortion of the image

point a due to ground relief. An orthogra-
phic projection of the point A is made onto
the screen E at the point A,- During trans-
Fig.73 - Correction for Relief
formation, as indicated in Fig.73, the ray
aS will not coincide with the ray SA . The point a will form the image A' on the
screen, which is displaced from the map location A, of the point A by a distance of

4. This is a direct result of the distortion a_a of the point a caused by relief.
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;’If the relief is negllglble these distortions are 1ns1gn1fxcant and can be disre-

<.
‘mdad (up to 0.3 mm). However, at luglaer distortion it becm,lbsnlnr.gly,necea-
_5sary to correct for relief during tranaformation.

Corrections for relief distortion c-d be made at the locus of the transforma-

i
“thnon points on the photograph a (correctidn 5p) or at the locus of the transforma-
tion points A, on the base (correctxon Ah) The magnitude of the correction is de-
|termined by eq.(12),

~ eq.(12).

except that its sign 'will be opposite to that obtained from

Therefore, for correction we have:

N
!

In practice it is xnconvenlent to make corrections for relief on the negatlve

corrections for relief are usually made

28

at the locus of the points on the plotting board.

|
]
l
124 isxnce this will result in pin holes, so the
l

In the case that the correction of the point has a positive value of relief
‘correction, the mark on the pPhotograph is moved toward the nadir poirnt, and the mark
5/ on the plotting board away from the nadir point. For the case of negative correc-
‘tion, the opposite procedure is used, and the correction on the Photograph is made
a'ay from the nadir point and on the plotting board, toward it.

To keep the relief distortion of a transformed image to as low a value as pos-
isible for a given scale of transformation, the correction values h are calculated
by eq.(25) from the average height of ground relief. This average height will be
‘the plane of transformation. For example, if the elevations of the points on a
photograph vary from 200 to 400 m, then the factors of compensation are calculated
fro- the average plane of elevation, which is at 300 m, so that these compensations
will fluctuate from — 100 to + 100 m. The survey elevation H will then also be cal-

culated from the mean plane of elevation.

The correction at the locus of the transformation points, to compensate for re-
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' lief iﬁatortion. does not eliminate the distortions of the leoiogrnplnc images but
o ?dcen,penit the correct transformation of :the print,
’ Corrections for relief distortion are made for purposes of tranaformation of
‘(.;_!’print.a and also for solving other photogrdf—etric prdlile-s, e.g., those ‘involved in
] determining the true location of points on a photograph or points on a map, which

_lhave a projected relationship with the print.

]
N
Y4 o la7, Tranaformation of Aerial Phot.o_gr!plm hy Zones, for Areas
; . -
; f Bold Ground Relief

§for—tion of prints for any type of terrain, but the distortions of the points on a

;trmsioxzed pPhotograph with bold relief still exceed the limits of 0.3 -

Ereduce the accuracy of the map.
i

Let P (Fig.74) be the photograph of the area of bold relief T. Divide the area

into various sections by elevation intervals equal to h', as shown in Fig.74.

the ¢

jdeviation in the height of individual points from the mean plane of elevation, for a
;given section can be observed in relation to the boundary limits of this section,or
‘as Particular elevations h which cause relief distortion of points on the print at
;the scale of the Particular section of the photograph. This scale is determined at
the average plane of elevation. Therefore, in the photograph given in Fig.74, the
scale of section 3 will be larger than that of section 2, while the scale of sec-
tion 2 will be larger than that of section 1.

The transformation of the photograph by sections is accomplished by converting

the sections (average planes of the sections) to the scale of the map.

007-0
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Let us take any section, say section 2, as the starting point. The transforma-

‘tion points are corrected for relief, with the corrections calcunlated. from the aver-

. age plane of elevation for section 2, which completes transformation of the print.

— .Thus, section 2 of the print will appear dn the screen E' at the specified acale.
"_The distortion of individeal points for this section will not exceed % 0.3 to 0.4 mm.

Fig.74 - Transformation by Zones

Point A on the mean plane of elevation for section 3 will appear at a'", when
it should have appeared at point al'. Consequently, if the scale of the image is
decreased by moving the screen from positiom E" to E', so that point a' would be
reduced ir size by A, then this point will appear at the position a'", whick is cor-

responds to the position a]. Then, the scale for the third section will appear on

the screen E'" (average plane T3), equal to the specified scale at which section 2
was transformed. In this position, the distortion of the photograph prints for the
third section will not exceed the specified limits.

By increasing the scale of the image (moving the plane of the screen to loca-

tion E'), a scale equal to the specified scale is obtained for the first section of

o
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i‘ TS ST T T T s Tt - T "'i"" i
O
~ithe photograph.

1

.
Z Actually, the transformation of the photograph by sections is done for the aver-
4.
—‘f.’e elevation plane of the initial section. The adjustment to the average elevation
€ .

(ij*e{;

Y0 .

plane of the other sections is done 'by changing the scale or, in other >w6'ras, by

changing the value of the sections by A,

In this case, A represents the difference in correction for relief of various

12
ye

16

sections, at an arbitrary elevation of a more distant point A. These values are de-
termined by the elevation of point A, from the average plane of elevation of the
various sections. In Practice, all corrections for point A are marked on the plot-
ting board and, after transformation of pliotograpl: along its points corrected for
the first section is completed, only the scale is changed for the other sections,
means of displacing the image of point a by the correction value, corresponding to
this zone.

For each position of the screen E" and E™, a Photograph of the Print is made,
and is marked by its zone number,

Transformation by zones or sections is very complex and is used in production

when there are three sections or less to a print,

" When the relief of the terrain is very bold, no photomaps are made; Instead a

graphic plan is Prepared.

48 Assembling the Photomap

The assembly of a Photomap consists of: Placing the transformed prints on a

’ "Minounting board in accordance with their transformation points; trimming off the

w,'overl‘pping edges of adjacent prints; and cementing the prints to the board.

|
| Prior to assembly, the tonality of the photographs is checked for uniformity.

]
Next, a hole of 0.5 mm is pricked through each transformation and control point by

1

1

?‘neuns of a punch. The punch comprises a needle mounted in a cylindrical bushing
!ywiyth t;'-pered ends. The needle is kept in the extended position by spring pressure
!
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¢ . S [ S
- ‘and is retracted into the bushing under pressure. After placing the needle on the

_center of the tranaformation point, pressure is applied to the bushing, which punches
4.}

- hole in the print. The center of this hole is the location of the transformation
onint.

Before assembly, the transformation as well as the effects of drying of the
prints are checked. To do this, each print is placed so that the marked transforma-
ltion dots are at the center of the punched holes. These dots and holes must coin-
cide. The error of coincidence for them mt not exceed 0.4 to 0.5 mm. If this

|limit is exceeded, or if the tonmality of the photograph is not uniform, the trans-

iformation must be repeated.

Assembly of the prints is started -f;er the checking is completed. The first
.,‘print is put in position on the base, followed by the remainder of the prints, so as
to have the centers of the punched holes coincide with the corresponding points
—marked on the control network or so that the variatioms in aligm=ment of the holes
and the dots are kept to a minimum. (Misalignment of the corresponding dots and
hole centers must be equal and in opposite directions from the center of the hole.)
Next the print is fastened down with weights to prevent shifting. The second print
is located on the base in the same way and is fastened down too.

Next, the line of cut along the end lap of both photographs is marked. This

-qtrim line is marked within 1 cm from the center of overlap. The direction of cut is
selected under the following conditions: a) both prints should have the same ton-

ality along the trim line, b) the trim line must intersect a minimum number of con-

tour characteristics and not come close to relief boundary outlines (e.g.,roads)or

{tion centers at an acute angle.

= ’;individnal objects (houses), c) the trim line must not intersect contours or popula-
|
|

J Coincidence of relief lines along the cut is checked for proper fit. For this
|purpose, characteristic points (angles) of the contours of the upper photogi'nph are

. }pricked by pins to check whether the prick coincides with the corresponding contour
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‘ ;,'here the photographs will not be trimmed);
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The cut is made where (taking the above conditions into ac-

:line on the lower print.
The discrepancy

i;tzmm_t;) the agreement of contours of adjacent photographs is best.
cut lines should not exceed 0.7-0.8 mm. In no case

v;hoiauid the photographs be moved away from the transformation points, in order to re-

duce the discrepancy of contours.

The above conditions being satisfied, a thin strip of celluloid is placed be-

tween the prints and the mount and both prints are cut along the trim line with a
The edges of the prints must be even, smooth, amd must coincide with each

strips are saved for correcting the photomap and are

_iscaipel.

marked with the number of the photograph.
The edges of the trimmed prints are raised (the other part being held down by

",1'eights) and the mounting board is coated with amyl acetate cement (at the spots

the prints are cemented to the mount,

'carefully smoothed down, especially along the trim line, and are covered with

]
"weighted glass plates. The third print of the flight strip is mounted in the same

}'ay as the second, and the same procedure is used for all remaining photographs of
;the strip.
i

| The second flight strip is mounted in the same way, with the prints first being
étrimed along the line of end lap, while the side lap is trimmed after all photo-

graphs of adjacent flight strips have been mounted. During this operation, as in

the case of cutting along the end lap, the terrain alignment is checked on adjacent

Iphetographs and the overlap is trimmed along the line within 1 cm of the center of

the complete print is cemented down and smoothened.
There should be no

side lap. After this trimming,

-
|
:The trimmed edges of adjacent photographs must coincide exactly.
}overl-p or space between the edges.

;! All other flight strips are mounted in the same way. To Prevent glueing of the
i

;prints along the borders, the mount is covered with wax paper up to the frame line.

:After the complete photomap is mounted, the overlap along the edge of the borders is
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Sanitized Cop proved for Release 2010/09/15 : CIA-RDP81-01043R000900010007-0




Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R000900010007-0

cut off, using a straightedge. Prior to 8lueing down the cormer prints of the photo-
fw, the frame cormers are marked at the end points of the lines of the comtrol net-
'T'k‘j:'otk and are pierced with a punch. A thin strip of celluloid is placed under the
..,print to aveoid a second prick at the established position of the frame cormer.
J After completing the assembly of the photomap, the prints are left in position
Junder pressure of the weight for two or three days, after which time the excess glue
_,_T'is wiped off with acetone.
In cases in which the prints had been transformed by sections, the laying of
‘- the prints on the mount is also done by zones according to the relief of the terrain
_|shown in Fig.74. In this case, only the scaled part of each print is used, i.e.,
only the second zome is cut of the print for the second zone, and only.the third
V _Isection of the print for the third zone. The cutting between sections is performed

lafeer both prints of the adjoining zones have been aligned with the transformation

~points punched after correction for relief with respect to the plane of mean eleva-

:tion of the given section of the print.
; In addition to the described steps of assembling an uncontrolled mosaic and
i'photomap it occasionally becomes necessary to assembly accurate cartographic mater-

jial, whenever the geodetic data for the prints are not available. In this case, it

i;is impossible to assemble an accurate photomap, which means that unoriented photo-
» ,!mps are prepared instead, which are sometimes called semicontrolled mosaics. The
! .

,»’i-et.hod of composing them does not differ from that used for photomaps. In such

--’clses. the control points for transformation and scale determination are established

‘by the photogrammetric method, after which the prints are transformed and mounted.

{

j
T
-jduced from geodetic data but the method of camera work is the same.

Thus, unoriented photomaps are somewhat less accurate than controlled mosaics pro-

’

Finishing the photomap comprises the following steps:

|
|
A .
B :49- Putting the Photomap into Final Shape
I
f
!

‘.
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a) The corners and sides of the frame are marked in India ink by a square with
2-mm sides. .

b) The trigonometric points and control points are marked in India ink with
corresponding conventional syﬂujls. The symbol must be centered at the
side of the line and not of the punch hole.

c) The corners of the frame are marked by their rectangular and geographic
coordinates.

d) The ends of the kilometer grid are entered and numbered.

e) The entries made outside the frame include: the name of the trapezoid en-
tered over the northerm edge of the map, at the middle; the numerical scale
designation, below the southern edge; the date of Preparation of the photo-
map and the signatures of its compilers at the right; the scheme of the
frame with the diagonals of the photomap and an indication of their theor-

etical dimensions at the easterm border.

0. Proof Checking and Correcting the Photomap

The proof checking of a Photomap consists in checking and determining: a) Ac-

{
jcuracy of entry and outline of the frame of the photomap and ends of the kilometer
i

|grid, b) accuracy of coincidence of the photographs with the transformation points,
!

lc) divergence of the contours at all cuts between the photographs, d) divergence of

{the contours at the borders of adjoining mounts. -
These corrections are entered on a special correction sheet.
The corrections are made, observing the following requirements:

1. The frame sides, the diagonals of the board, and the kilometer grid ends are

é
i
!
!
f

lchecked by commonly accepted method of the use of a straightedge. The maximum tol-
i !
__|lerance for deviations on the sides of the frame and the ends of the kilometer lines

'
tlis 0.1 mm, and 0.2 mwm for the diagonals.

! 2. The accuracy of superposition of the photographs on the transformation
1
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points—;>s‘7;i£;:_é;;1ﬁi~e7-}';l; the deviations 6f the centers of the punched holes from

| the pricks of the -corresponding points on !.t-he board. A diagram of the position of

all points is plotted on the correction s?eet (Fig.75) on which the deviations of

the centers of the punched holes from the ipi-ia:ks are entered in tenths of a milli-
meter. These deviations must not exceed QI.4 mm.

3. The divergences along the cont.our,‘:lines at the lines of cut are determimned
by matching the cut-off edges of the prin?zs, saved at the time of assembly of the
photomap. :

A diagram of cuts is reconstructed o:i the correction sheet (Fig.76), on which

_|are recorded the location and amount of misalignment. The misalignment is checked

_Jat 3-4 cm intervals along the line of cut. To determine the degree of misalignment,

Fig.75 - Correction from the Points Fig.76 - Correction from Cuts

the corresponding cut-off of one of the adjacent photographs is placed along the

‘Point, and then at intervals of 3-4 cm the most distinct contour points located as

“lclose as possible to the line of cut are selected and pricked. The cut-off part is

Tthen removed, and the deviation of the prick from the corresponding contour point of

" ‘[the photomap is measured and recorded on the correction sheet.

!
[
!

The misalignment of contours must not exceed 0.7-0.8 mm, and even these maximum

‘discrepancies are permissible only in exceptional cases.

4. The correction for match along the borders of adjacent photographs when the

144
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photomaps are cut along the line of the ‘bdrder, is done (as in the corrections along

the cuts) by laying the cutoffs of onme phdtograph on the other and superimposing

them with the lines of a kilometer grid. By pricking corresponding contours as close

as possible to the b.order," the dxacrepihiﬁi: between them is measured.
If a flap is left in cutting off the ;photonap (usually 8 mm on the scale of
cartographic work), the contour from one qlhot.o-ap is transferred to the other with
the aid of compasses, after determining t.l;e distance of the contours from the frame
and the length of the perpendicular to t.hqf border. The distance between the contour
so tran;aferred and the one on the Photomap gives
the 'auft.ed deviation.

Thée deviation of the contours along the bor-
der must not exceed 1.0 mm.

The data of these corrections are entered on

a2 special correction form (Fig.77), on whose mar-

gin the places and results of measurements, ac-

cording to the kilometer grid, are noted.

Correction Along

If discrepancies exceeding the established
the Frame

tolerances are found anywhere during the correc-
"kion, or if the number of discrepancies should reach the maximum tolerance, the cor-

_fFesponding places on the photomap must be re-laid.

—_51. Map Phototriangulation

To expedite the transformation and assembly of aerial photographs in making a

“photomap, the map location of four control points on the prints must be known. This

_lcan be done by a geodetic survey of the area or by the photogrammetric method, with
fthe aid of plan aerial triangulation and photopolygonometry (see Sect. 112). This

_permits to greatly shorten the difficult work of field surveying. In the last case,

only two points have to be field-surveyed, and these separated by several prints.
|
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'The most that are ever needed are four B;ﬂnts per phbcograph, as for transformation,

is to determine additional control point.a,l and thus to define the position of contour

points by laboratory instruments. I ST T T T
Aerial phototriangulation is a nechodj of determining the position of points on a

hotograph by means of constructing a ner.wiork of triangles whose dimensions are meas-

Jured on the aerial photographs.
Y44

16 |
__measured (not less than two angles per triimgle) on the aerial photographs. In the

18 __] . - . . ;
|amalysis of angular distortion of prints, iit was established that the angles in-

$0_

To construct such a network of triangles, the angles of these triangles must be

scribed by lines on a photograph are dist.dirt.ed due to the tilt of the photograph and
2zf:h'.lle tilt of the terrain, and are not equal to the angie inscribed on the terrain.
#- The value of the angles of a tilted photograph and terraia are described by a
_kadial drawn from the isocenter of a flat plane. The relief of the area creates
_Histortion only in the directions not passing through the nadir point.

It is on these remarkable properties of the isocenters and nadir points that

7 " [the method of phototriangulation is based.

If the photograph was horizontal during exposure, its isocenter and nadir point
mill coincide with its principal point. In the case of a horizontal or plan survey,
‘Lhowever, which is the only one that will be considered in the following passages,

_[when the angles of tilt of the photographs are small (a < 2°), the isocenter and

ijnadir point will be close to the principal point, and if they are replaced by the

principal point, or even by any desired contour point close to it - termed “central
Jpoint” - no practically perceptible distortions will result (as proved in Sect.34).
Consequently, tke angles can be measured on an aerial photograph, or radials

“|drawn on it, for the construction of a phototriangulatioa grid only from these base

points (principal point, nadir point, isocenter) or from the central points of the

{photograph .
i
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In processing thé photographs of a mountainous region, when the disiortion of
directiona due to relief is very considerable, the nets should be constructed from
the nadir point; since the true nadir points are unknown, they are determined as the
so-called arbitrary (most probable) nadir points. (see Chapter in)'.

The coanstruction of phototriangulatien nets may be carried out by various meth-
‘ods, either on a single flight strip or for several flight strips together. The

) H;-o-t. widely used, simplest, and at the same time fairly accurate form of phototri-
fangulation net is what is called a rhe=boid chain, which is usually constructed

',‘;-ichin the limits of a single flight strip.

A phototriangulation rhomboid chain i& constructed in the following wanner.

Wg Given is the flight strip of air photographs 1,2,3...(Fig.78). with a 60% end

i

flnp, on which every three adjacent Photographs mutually overlap. 1In this case, the

VU w;fl;he central point (or nadir point) of each photograph will be represented on both

" gadjacent photographs. For example, point 2 of the second photograph is mapped as
Epoint 2' on the first and third photographs; similarly, the contour points a and b,
.termed tie points and chosen in the zcne of triple overlap, are mapped on all pho-
‘tographs. Consequently, for each photograph we may measure (or graphically con-
gst:ruct) the angles ¥ and £, formed by the radials from its central point to the cen-

‘tral points, mapping them on adjacent photographs, and the tije points, as shown in

iFig.78.

T

:; Let us assume the coordinates of the central points of the first and second
?photographs to be known. Then, knowing the angles ¥; and ¥2, we may, by direct in-
: A_étersection, determine the coordinates of point a. In exactly the same way, the
angles Z; and £5 can be used for determining the coordinates ‘of point b. Knowing
the coordinates of the points a and b, and the central point of the second photo-

graph, the position of the central point of the third photograph can be determined

i
!
i
!
i
i
¢
!

;itwice by resection from the angles ¥3 and vy and £3 and &,

The figure formed by these four triangles (1a2, 1b2, 2a3, 2b3) constitutes a
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rhomboid; therefore such a scheme of a phototriangnlation net i#rteﬂrmea'a' ;h;-.l;oja

chain. -

For the photographs 2, 3, and 4, a new rhomboid can be constructed by the aid

of the point ¢ and d, after which the distance b3, and so on can Be'“‘ﬂfe'te;;i;xéawfbr

Fig.78 - Rhomboid Phototriangulation Chain

-any number of photographs of the flight strip. By constructing such a rhomboid sys-

.tem, the radials from the central points can be

Efphot;ograph, e.g.,

{tion. In this way,
]

i
ibe determined, as required for transformation and mosaic assembly.

: From this scheme of constructing a rhomboid phototriangulation net, and from

! the condition that the tie poin j , i.e. the

. rhomboid phototriangulation net.

The constructicn of such a grid may be made either analytically, for which

10007-0
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s

pur}»ue the angles v and £ are measured with specia'lr in.tru-;nl:.s’, or'grr'ah'hié'a“lly, by
copying the radials from the photograph omto tracing paper, which is termed a cen-

- tral radial tracing. A central radial tracing is shown in the lower part of Fig.78.

As a result of the great amount of work involved when using the klnnllyt:i’cil”-'eéh'od,

the net is usually constructed graphically.
To construct the nets, either the negatives of the aerial photographs or con-

' tact prints made from them may be used. The former have the advantage of being less

:subject to deformation, while the photographic image is better viewed on the latter.
 When negatives are used, the points of the net are pricked on them and copied onto
i - the central radial tracings. When using coatact prints, the central radial tracings
or the radials may be drawn

ny be copied from the points pricked on the photograﬂ;,

‘;directly on the back of the Photographs, by which the net is constructed. Ia pro-
 ductive operations, negatives are usually employed. ’

The graphic construction of rhomboid phototriangulation nets consists of the

following processes:
a. Selection and pricking of the points on the photographs;
b. preparation of the central radiasl tracings;
c. construction of the net;

d. reduction and connection of the net.

;52. Selection and Pricking of the Points

The pricked contour points must be distinct, sharp, and easily recognizable on

on the photographs. Such points, e.g., may be plowed fields or other agricultural

i tracts, the intersections of roads or ditches, the corners of low structures, small

;‘lhl‘llbs, or haystacks (pricked in the center). It is forbidden to prick: blurred,

{ unclear, indistinct, or rounded outlines; outlines intersecting each other at an

}:angle of less than 30° (or more than 150°); corners of shadows or the shady sides

_: of objects; high buildings or trees; shrubs and haystacks more than 0.3 mm in di-
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o

Smeter on the photograph, incised water channels; variable outlines (boats and rafts
on the water, automobiles and trains on roads, etc.) Foints on steep slopes are al-
30 unsuitable.
The pricking of points, on the accuracy of which the accuracy of the phototri -
K angulation depends to a Rreat extent, must be done with extreme care and precision.
The center of the prick must exactly coincide with the point to be pricked, which
. _’-:st be represented in the form of a geometric point. The prick must be small, with

.~ a diameter of not more than 0.1 mm.

a. The Pricking of Central Points

§ The central points must be pricked at the best contour point located closest to
t;he principal point of the photograph (and not further from it than the radius de-
; termined by the expression r - fy : 50). A special transparent sheet is prepared
:for selecting the contour of the central point: The coordinate induces of the pho-
.i tographs are pricked on the celluloid, and the opposite points are ccnnected by
':straight lines intersecting in the principal point of the picture; then, a small
-circle with this point as its center and with a radius of £1,:50, is cut out of the
f(:el.luloi.cl. The contour point taken as the central point must be easily identified
on both adjacent photographs of the flight strip, on which the point is also
;;pricked. On the photographs (negatives) the prick is surrounded with a square in
flndia ink.

] In coastructing the nets for subsequent Sstereoscopic processing of the photo-
graphs, rather than pricking the central points, the nadir points are pricked, re-
gardless of whether they coincide with any marked contour points.

If the central point (or the nadir point) does not coincide with any contour

;
|
i
i
!
!

;poinl:s. e.g., if it coincides with a lake and cannot be recognized and pricked on
;the adjacent photographs of the flight strip, then the initial radials (the radials

. to the central points of the adjacent photographs) on these photographs are drawn
®
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“artificially” (cf. Sect. 53).

b. Pricking the Ground Points of Control

Grouind points of coatrol serve to orieant the phototrx-ngulatlon Aets on the"
(“ ‘;:7 ‘plottmg board and to reduce them to the assigned scale. The location and density
‘of the points of ground control are dictated by the required accuracy of triangula-
/tion, based on the laws of cumulation of errors in the nets. Ordinarily the points
of ground control are given in each of a gumber of photographs (from 6, 8, and up to
20 photographs, depending on the scale of the flight strip and the scale of the map
- to be prepared) in the zoae of aide lap between the flight strips and, wherever pos -
) mxble in a zone of triple overlap of the: photographs in oae flight strip. After
’deternmlng the points of ground control on the ground, they are identified and

i

,prncked on the contact prints, putting a sketch and description of the contour point
430 selected on the back of the photograph.

: The pricking of the poiats of ground patrol in the process of phototrianguls-
‘tion consists in pricking the fixed contour point on all negatives of both the giv-
.en and the adjacent flight strips, on which the identified contour is shown. 1In
t.he identification and pricking of points in the negatives, the field prick om the

negatlve and also the sketch and description on the back of the photograph are used

‘as a guide. The prick points on the negatives are marked with triangles in India

Pricking of the Tie Points

It follows from the priaciple of constructing a phototriangulation net and

‘from Fig.78, that the tie points a and b should be selected on contour lines lying

,’on the center line of the triple overlap of the photographs of one flight strip

«

;and as far us possible from the center lines of the photographs, but not closer
't.hau 1 cm from the edge of the photograrh (Fig.79). QOa the end photographs 1 and

:3, these points are located at approximately equal distances I from the edges of the
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pilot;. ographs .

The tie points are pricked on each individual flight strip independently, and

“are not repricked on the adjacent flight strips. On the negatives they are en-

" circled in India ink.

d. Pricking of the Transformation Points

The transformation points are also marked on the contour points of the photo-

fgrnph. located at the center of the quadruple (end and side) lap of four adjacent

[ S

Fig.79 - Tie Points

. photographs of two adjacent flight strips (Fig.64).

If four such photographs are placed side by side, as shown in Fig.80, then the

| transformation points must be selected at equal distances lj from the end edges of

i the photographs and at equal distances 1l from the side edges of the photographs.

The rectification points are pricked on both flight strips, when viewing them

i simultaneously. They are encircled in India ink on the negative, with the sub-

«w _n

| seript x

The total number and position of the points pricked on the photograph is shown

in Fig.8l. In addition to the points given in this general scheme of their loca-
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0.7_,.'
—{ tions,
n—i

_{53. Plotting the Initial Radials

i;ﬁe ground pointé of control ;f;AﬁiéoV;;;ck;d‘oﬁ a fé'“ph;;;é;;;;;.“m

" TThTdasés i which the ceatral points or the nadir points aFré Dot Tecognized on

jthe adjacent.photographs, the initial radials are plotted “artificially”.

Fig.80 - Selection of Transforma- v Fig.81

- Location of the Points of
tion Points

the Phototriangulation Net on the
Photograph

Artificial drawing of the initial radials is based on the fact that a straight

{line on the ground is also represented by a straight line on the photograph; con-

i sequently, if the terrain is flat, contour points lying on a straight line on one

[ T T -y

i

;' Fig.82 - Plotting the Initial Radials

fphotograph must also lie on a straight line on the other. In broken terrain, this
1

f.po.st'.ullt:i.c:m is valid only for an initial radial passing through the nadir points of

" both photographs. If such straight lines, containing corresponding contour points
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o__ e
pass simultaneocusly through the nadir poidt (or the central point) on each of the

 photographs, then these straight lines will form a straight line interconnecting the

Fig.83 - Plotting the Initial RLdials by Successive Approximation

| nadir points (or central points) i.e., they will form the initial radial (Fig.82).

a. Plotting the Radials with a Slotted Celluloid Templet

First case. GCne of the nadir points (or center points) is identified on the
Eadjacent photougraph.
: Let the central point I be identified on the second photograph, while the cen-
%tral point 2 of the second photograph does not coincide with the contour and can-
fnot be pricked on the first photograph. Then, taking a2 strip of clear celluloid
éfilm with a straight line xx etched on it by a fine needle (Fig.82), this line is
ft.hen superimposed on the pricked central points 1' and 2' of the second photograph.
:-All the contour points of the photograph coinciding with the line xx lie on the in-
! itial radial 1' - 2, After selecting the contour point a' most remote from the
point 1' and coinciding with the line xx, this point is then identified on the sec-
ond photograph. Placing a second strip of celluloid, with a straight line etched
on it, on the points 1 and a of the firat photograph, the required initial radial
: is obtained, which is marked on the edge of the photograph by a prick through the

. celluloid. @
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Second case. The nadxr poxnts (or central poxnta) are not identified on on ad-

J—.ucmtphotosupb;

In this case, the initial radial is deter-nned by the method of successive ap-

|

L proximations. The line xx of the cellulo#d te-plet is pl-ced on the firse photo-

I

through 90¢

RN N

i the contour point a is selected in the region of the central point 2, on the assumed
llxne of the initial radial. 1In this posxtxon of the templet line, we select on it
vthe contour point b in the region of the central poiat 1 or, preferably, in the ex-
jterxor part of the initial radial, which increases the accuracy of the determina-
!tions.

Setting the second line xx in the positicn I' on the corresponding points a'
b' of the second photograph, we note that the dash does not pass through the cen-
gtral point 2. We then rotate the line around point b' into position IT' to its co-
%incidence with the prick of the central point 2, and mark the new contour point ¢'
gon the templet. Then, the line xx on the first photograph is rotated about the
icentral Foint 1 into the positica II, to coincide with the contour point ¢. The
jlxne now coincides with point b, on which a new coantour point d is then selected.

Tbe line xx is rotated on the second photograph about the central point 2 into the

position III', to coincide with the point d, on which, in the region of the center
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--| a new ct;;io—l:r poini 'éri_sv.s»electe»d“.w Next,?,i the line xx on the first‘photogrlph is

-~
o

o]
—+ point e. This rotation is, in practice, o small that the point d does not leave
L S R e .
the templet line. This results in a posikion in which the line xx on the first and

-rotated about the central point 1 iate the position IIL. to match the contour.

C ,
- — second photographs passes through a series of corresponding contour points d, k, e,

10 4

12

(d', k', e') and through the pricks of the central points 1 and 2. These lines are

—1

]
consequently the same and, since they pasr through central points (or nadir points),
14 __J i

they are initial radials. The initial r-_hial 80 obtained is noted on the edge of

_| each photograph by a prick through the cehluloid.

b. Stereoscopic Plotting of the Initiall Radials

The stereoscopic plotting of the iniLinl radials gives more accurate results,

since the stereoscopic method of observation is considerably more exact than the

| monocular®.

For stereoscopic plotting of the initial radial, the adjacent photographs 1 and

12 of one flight strip are rotated through 90° with respect to the normel position
A "§and are placed in the position shown in Fig.84. In this position they are viewed

iunder the stereoscope and shifted until the images of the two aerial photographs
gmerge into one distinct stereoscopic image. In this position of the photographs,

‘

the earth’s surface will be perceived as a plane.

If the photographs are then superimposed with fine lines traced on glass or

i
I
i

iPlexiglass plates (Lobanov rulers), these dashes will likewise be perceived stere-

foscopicllly with respect to the contours of the photographs. Thus, if the line on

! the left photograph passes through the contours ay, by, c) (Fig.85), while the line
;‘ on the right photograph does not pass through these contours and is rotated with

,f respect to them through a certain angle Y, then the line will be stereoscopically
; perceived not as lying in the apparent plane of the ground, but inclined to it in

_—
" * The principles and methods of stereoscopic vision are discussed in Chapter VIII.
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A In oti\er w‘ords“,‘ ) ifﬁtihe po;;u:.a" Var. I and :V‘C;iu"éhe lé.ft and right photographs

]la'.evnn parallel lines, they will not have%t.he parallax distortion_p and will appear

Fig.85 - Stereoscopic Plotting of .' Fig.86 - Parallactic Shift of the

the Initial Radials Templet Line

to be located at the same beight. The points of the right line r,r,, as a result

--{ of rotation with respect to the left line, cause a parallax distortion p from the

points a, b, c, and from the points of the left line r;r; superimposed on them.

: This makes them appear as lying at a height differing from that of the points a, b,

and c. Figure 86 shows how this perception of the noncoincidence of the templet

! lines with the corresponding contours is evolved. The parallax distortion cl = P

‘ of the dash r,. at the points ¢ leads to an intersection of the visual rays Ac and

i Bl at the points c¢ and 1 of the dashes, in the point lg, lying above the plane of

the apparent locality and its point c in the intersection of the rays Ac and Bec.

;The parallax distortion of the dash r, at point b leads to an intersection of the

; visual rays Ab and B2 at the point 2( lying below the plane of the apparent local-

ity. At the point a, where there is no parallactic shift (parallax difference),

! the floating line rgrg intersects the apparent ground plane.

If the templet line pasases on both photographs through corresponding contour

points and, coasequently, does not produce parallax distortion, the line, whea

" viewed stereoscopically, will appear to coincide with the appareant plame of the
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[ —

—

-L
- corresponding coatours on both photogrnph.y. If in sc doing, the line on both left

4 l;ciit; at all pomts ét;uequel'xglky- AIET'B;;Tt:t-‘in; “the kﬁ;;—_g ‘prsition such that'

it -merges with the apparent plane of the terrain is reached, it 'ﬂi_}!q_agg_‘ﬂn_gggg}g

aad right photograph can b mede ts gass
‘\\\\ { //,’ through the pricks of the nadir points (or the
}nﬁ% 7/ cengt.ral points), then the position of the
—-4)—-.+2_3__0_ lin{es will give the required initial radial, ’,
vhi;ch is then pricked by a needle through the;
//; \\ spécial openings K on the ruler (Fig.84). T

The same principle is used in the stere-

i
Fig.87 - The Radial Tracing oascopic plotting of initial radials with more

conlplicnted instruments, where the templet
lines may be fixed and the photographs, placed in special holders, rotated instead,

and where, instead of the lines, special floating marks are used.

[54. Laying the Rhombic Net

To obtain in graphic form the radials from the central point to all other

! points pricked on the photograph, all points are carefully copied on tracing paper,
. encircled with a pencil line, and marked with subscripts as on the photograph. Then,
; from the central peint, the radials are traced to all other points by a calibrated

j ruler, with India ink or ordinary ink, as shown in Fig.87.

The radials must be fine (0.1 mm) and must pass exactly through the centers of

;'the pricks of the points. At the central point, the photograph reference number is

i entered.

In accordance with the general scheme of constructing a phototriangulation net

' (Fig.78), each succeeding central point (e.g., the center of photograph 3) is de-

termined with respect to the preceding ones (centers 1 and 2) by resection along

. three radials (at the points a, 2, and b) on a single straight radial (2 - 3) - the
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 initial radial. For this reason, the procedure of graphic construction of a plane

Evphnsonrinnsnlntion rhombic net is as folliows.

On a certain commercial base (tr-cin:g paper, Goznak paper, Astrolon), on which

i the construction is pricked through to the points of the nets, the first radial

Fig.88 - Constructior of the Rhombic Net

i tracing of central radials is placed. This is superimposed by a second tracing, in
i such a way that the corresponding initial radials 1 - 2 of the two tracings will
coincide (Fig.88).
The distance between the central points of these tracings, which is termed the
first base by of the net, determines the scale of the entire net. If, after match-
ing the first two tracings aloag the initial direction, the second tracing is

shifted along the initial radial without distrubing the coincidence so obtained,

159
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‘then the base will be shortened (6;'1“&;;_;;:’&;3)? at the same time, all the triangles

) _formed by the resections at the renininf points of the net will be proportionally

reduced or enlarged.

In this way the selection of the v.lZne for the first base determines the con-
struction scale of the net.

After laying the first two tracings, the positions of points a and b are ob-
tained at the intersection of the corresp?onding radials, which positions are neces-
i sary for determining the position of the third tracing with respect to the first
i two, and the initial radial 2 -3 on chb central point of the third tracing.

The third tracing is matched with tl:‘e initial radial 3 - 2 with the corre-
’ | sponding radial 2 - 3 (position 3" . Fi‘#.sa) which has already been obtained in
the net. In so doing, the radial 3 - a ‘and 3 - b need not necessarily pass

through the points a and b previously obtained. Since these directions must pass

through the tie points a and b, the tracing 3 is shifted along the superimposed in-

itial radial 2 - 3, moving along the rays 3 - a and 3 - b, toward the points
a and b, until they coincide. If the ray 3 - a has been made to pass thrcugh the
point a (always being careful to prevent the initial radials from becoming separated,
and being sure that they remain superinposed), then, as a result of the existence

|

i

!

|

|

' ;of errors in the radials, ray 3 - b may perhaps not pass through the point b, thus
B

!

!

|

!

!

forming a small triangle of error (position 3 in Fig.88). The altitude of the tri-

4G
angle of error, measured from the base of its side along the lateral radial 2 - a,
‘-

’ must not exceed 0.3 mm. If it does, the existence of a gross error in the radials
gimust be assumed, which will have to be corrected by verification, first of the in-
fe i

;itial radials and then of the radials to points a and b.

. If the altitude of the triangle of error is within the permissible range, the

third tracing is shifted along the initial radial, with the coincidence of the in-

i
i
i
I

itial radial being maintained under all circumstances, to the position 3, until the
ray 3 - b passes through the center of the triangle of error obtained in the po-

®

160
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— sition 3". In this case, the triangle of|error at point b will be halved, but the
2»,? .
| seme triangle of error erises at point a.. These coanected triangles of error at

:2 points a and b must be equal in size, but | opposite in direction, i.e., with respect

| to the lateral rays 2 - a and 7 - b, the vertexes of the triangles must be Turmed

in opposite directions (position 3). The;altitudes of the triangles after the con-

mection must not exceed 0.15 . The ini,:ial radials here must under all circum-

.. |
stances coincide.

'

The closure of the triangles by roui'.ion of the tracing involving a shift in
1

the initiai radials, is categorically fori)idden since this would break up the net.
By establishing the position of the thrd tracing, the positions of the points

_{c and d and of the initial radial 3 - 4 ’nre obtained, which are required for de-

_ttermining the position of the following ot fourth tracing. The fourth and all suc-

_lceeding tracings are laid in the same way as the third one.

_’; This results in a phototrxangulat.xon net of arbitrary scale, which is termed a

e free” net, i.e., one which has not been reduced to the scasle of the plotting board
g JI . )
‘and is not oriented on it.

i The points of the net obtained at the intersection of radials and alsoc the
xcentral points, are pricked with a needle into the base, on which a sheet of tracing
lpaper has been placed. At the points where permissible triangles of error have been

(obtaxned the points are pricked in the center of such triangles. All points on the

KE3
o
Ad

|base are encircled with a bow compass (its diameter in the image, on reduction
D)

should be 1.5 mm); the central points in addition are surrounded by a square, with
‘a subscript showing the reference number of the photograph, while the ground points
,of coantrol are surrounded by a triangle bearing a number or Place-name as subscript.
The name of the trapezoid and the number of the flight strip are inscribed on the
I base

It is recommended that the laying of free phototriangulation nets be performed

on a mounting board with transillumination. Otherwise, especially under field con-
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_lditions where the plan position of points .in :liffi;uiﬁy accessible areas is to be

!determined, the nets of plan phototriangulation are constructed directly on the
T ' struct irectly on the
: ’ plotting board to the assigned

‘scale.
The construction of nets at
the scale of the base (the plot-
ting board) is done as described
above, while the position aad

length of the first base (i.e., the

first two tracings) must be fouad

frem ground points of control de-

termined on the terrain itself

(Fig.89).

Fig.89 - Construction of a Net at the Scale

iti f ¢h, i
of the Base The position o e first

tracing is determined by the Bolo-

tov method, i.e., the tracing 1 is placed on the plotting board in such a way that

1
o
i
i
i

the central rays to the ground coatrol peints 23, 24, 25, and 27 pass through the

pricks of these ground control points on the plotting board. The position of the

first tracing already characterizes the orientation of the net on the board, since
the initial radials to the adjacent photographs thus are given an accurately de-
fined position.

The second tracing i1s matched with the corresponding initial radial from the
first tracing and is then moved along it until the radials to points 25 and 27 pass
through the pricks of these points on the plotting board. Since, in this case,
the resections of the ground control points in the net coincide with the position
of the points of the field control on the board, it follows that the base by , as
also the entire net, now has a scale equal to that specified. The technique of the

further construction of the net does not differ from that described above.
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- Pa:;;ihg .nou to the con@ﬁructimrvof a'jnet Wo‘n‘o;é;ide' t;ia&,—)‘;—hﬁgd‘the;" m:_;n

i

‘thg,,gtbsr.,a..isie, (the left) to the field costrol points, for example to_poiat 34 on

where the intersection of the field con-

5
o

1]

5

3

w
g

a.
-
g

L]

B
«
&
[
]
.
-]
[
b~
8
p
[24
w
H

_’;;_L

iiafmsbiﬂt#ianhe'nét does not coincide with its position on the Board ™ The mean

i

{allowance of the error of closure m so obtained is defined by

i

mg
. m = + 0.35 Rb -

i

' V2 n3 -3n2 + 5.7 g (26)

)

ﬂ"juhere n is the number of bases from initial to final; ®me is the error in the radial
expressed by the value 4-5'; R is the scaie ratio, equal to the ratio between the
\ijscale of the survey and the scale of the 4ap; and b is the value of the base on the
‘miphotograph, in millimeters.
The error of closure is eliminated by gradually shifting the tracings in the

]
i
i
i Jdirection of the true position of the ground control point, but in so doing we at-

tempt not to disturb (within the limits of graphic accuracy) the coincidence of the

-
H
i
i
jinitial directions and the intersection of the rays of the tie points.
i

i . . . . .
ithe construction of the net left of the first base 1s continued until closure at the
;minor field control points. After completing the construction and closure of the

f
inet, we prick its points on the plotting board.

In those cases where the extension of the nets is performed on an assigned

scale (as described above for a construction directly on the board), the laying must

i
i
1
H
!

;be started from the center, extending the net to both edges. This will result in
:the smellest deviation from the specified scale and also furnish proper orientation
gof the net. For cases of free net construction, i.e., nets at an arbitrary scale
?and with arbitrary orientation followed by reduction on the plotting board, the
;laying of the net is usually started from the edge (left); the accuracy of the net

:'ill be the same in either case,

e o e e P £ R R AR
SO —
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1

'55 Reduction of Horizontal H:ototrllngul;txon Nets
;»-\

a Thé procéss of reducing free nets tb"‘l’cll‘e and orienting thie boardor inserting

7 the net bet.teen fxeld control points is térmed reduct;on of phototriangulation nets.

Reduction may be performed either by}an optico-graphical method, using apecial

: projectors known as reducing priaters, or!by the graphical method.

The principal method used is that oféoptico-grlphical reduction.

Figure 90 shows a schematic diagram bf a projector reducing printer, where 2 is
] the holder carrying the phototrinngulatio; net (on wax paper or Astrolon) and 3 is

the lens projecting the image of the net,

i
iillmnlted by the lamps, onto the screen
|
!

il. The planes 2 and 1 must be parallel;

in that case, the image on the screen will

"be similar to the net.

If the position of the screen is

X ,'
/4#__ '____Xa / shifted from position 1 to position 1°',

/7"‘____&____1 ’ then, as indicated by the sketch, the im-

age apgb is reduced to the size AB. The

Fig.90 - Schematic Diagram of a problem of changing the scale of the net

i Reducing Printer 13 thus solved simply and simultaneously
;for all points of the net. 7o preserve the sharpness of the image, the lens 3 must
;be advanced slightly.

: If a plotting board on which the points A and B (field control points) have
gbeen plotted is placed on the screen, then the line AB may be placed along the

line ab of the image by rotating the board on the screen. By changing the scale of
' the image still more, the projection of the points AB can be matched with the

{ points A and B of the board. This solves the problem; the image of the net is re-

duced to the scale of the board and is oriented on it by the two control points A

and B.
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Thus, tor_;til;;e ‘the i;ﬂ-;:s_e_;a;l~-£; have not less than two control
Lpoints. To lay the net, the photographs are so selected that the minor field con-

trol points are located along the edges o# the net (for some intermediate nets or

| flight “strips, points in common ‘with adj a‘éntﬂ nets are sometimes used as minor con-

trol points).

After matching the minor control poiets of the image and of the board, all

points of the imege of the net are transférred to the board with = sharp hard penci
¥

i
i.e., all the rectification and central

.

points are so transferred.

The nets can be reduced oa any pro-

st st i S i NG

jection instrument (reducer, rectifier,

|
|

projector) which allows the scale of the

i image to be changed while maintaining its

|

i

sharpness and assuring similarity of the

image to the projected net; this latter

e

condition requires that the planes of the
negative and screen are parallel. How-
ever, the transforming printers and the
projectors now in actual production have
holders that are too small to accomodate
a net, and this requires a preliminary
photographic reduction of the net, while
still preserving similarity. This in-

Fig.91 - Popov Reducing Printer
convenience is eliminated in a special

¢ instrument, the Popov reducing printer.
The Popov printer (Fig.91) consists of a projector whose schematic diagram is
i shown in Fig.90. However, the screen 1 of this instrument, in contrast to the dia-

gram (Fig.90), is fixed, and the scale is changed by shifting the holders 2 with

165
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:;spect to the screen ,‘ l;;i:y sh;f-t;;n_gﬁ—tgg—l_en:—g—t&:nlni:m sharpness. These

-1shifts (change of scale while preserving fcharpne,ss) are made automatically, using

the special device 4, termed a rhombic lc:.le inverter which is actuated by the hand-

‘wheel 5. 7 :
The holder consists of a frame with a cut glass plate 60 x 60 cm, on which the

{net is placed, covered by a cover glass, ;and illuminated by the electric lamps of

Fig.92 - Graphic Reduction

' the illuminator 6. The scale factor of the instrument can be varied from 0.6 to
3

11.5. The size of the screen is 100 x 10¢ cm and the height of the instrument,

,’
12.55 m.

56. Graphic Reduction

Graphic reduction is used in field work when no reducing printer is avzilable.
. The principle of graphic reduction consists in the intersection of points in the
;net with the control points, i.e., with a certain assigned base.

» Let the problem posed be the reduction of the free phototriangulation net I on
‘ the plotting board by the control points 1 and 2 (Fig.92). The points of the aet,
. subject to reduction, are pricked into the tracing. The control points 1 and 2 are
gl connected on it by a straight line which will serve as a base. In addition, to ob-
tain optimum intersection of the points near line 1-2, the arbitrary auxiliary

point A is selected on the tracing and is connected by straight lines with both

control points. For long nets several auxiliary points are selected.
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0. R

—i The tx-acxng is then pliced on the board in anch a 'ay ‘that the pomt.s 1 of the

j&nr.;n;nnd:.hehmrdcnmcxde while chgrndx;l 1 -2 -of the tracing passes

] :ithrough point 2 of the board. After orxentlng the tracing in this way, all of its
(;_:_ points and the au:ullary point A are prxcked onto the ‘board and ‘the m_;
”: them from point 1.
10: The tracing is then advanced along ljine 1-2 so that the control points 2 of the
i2~ tracing and the board coincide and the ra"lial 2 -1 of the tracing passes through
4| :

1 of the board, after which all poiats of&E the net and the auxiliary point A are
again pricked on the board. The new prxcks are then connected with point 2. The

intersections of corresponding radials futnuhes the wanted position of the points

Jof the net at the scale of line 1-2, on ¢ plotting board. The same intersection
1

is obtained on the board for the position of the auxiliary point A.

The points of the net lying near the: line 1-2 intersect poorly with points 1-2.

1To obtain a reliable intersection, point A of the tracing is matched with the posi-

728 ;
_“tion of this point on the board, and the tracing is so orieanted that the points 1

1and 2 of the board lie on lines A-1 and A:2 of the tracing. After pricking all
l

H

'_'poxnts of the net in this position on the board, the new pricks are connected with

'pomt A. The radials from point A to the points of the net yield reliable inter-

sections for such points.

|
!
¢
i
i
|
i
i
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CHAPTER VI
TOPOGRAPHIC INT ERPRETATION

i : 57. Basic Principles of Topographic Interpretation of Aerial Photographs

One of the basic pProcesses in making a topographic map from the information
_lgathered through aerial surveys is photographic interpretation; in other words,
recognition of the characteristics of the area as recorded on the aeri

. 1and which are vital for making a map of the area. Depending on the purpose for
“iwhich the map is intended - for topographic, ground surface, geological, agricultur-
{al, or any other purpose - the corresponding interpretation will be called topo-
E:graphic, surface, etc. In this study, intended for topographers, only the basic

Principles of topographic interpretation are discussed.

: As is known, the various elements of an area, such as: roads, forests, culti-
!
|vated areas, populated areas, etc., must be indicated on a topographic map. Aj}

,r.hese topographic details must be placed within their respective positions and

boundary limits on the map, and must be given identifying marks and designations.

|
!

" Jto describe the character of the road by an identifying symbol which would indicate

For example, in drawing a road into a topographic map, it is absolutely necessary

jwhether the road is an expressway, an improved dirt road, a side road or what other
type, indi i it joi In drawing in the

es and to identi fy

J' All che other elements are also deacribed in sSimi -

!lar breakdowns. The number of szeparate elements as well as the degree of detail in

168
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which each element is described depends on the scale of the map being prepared and

s e T

o

7 -
.o the natural features of the area. For example, a foot trail does not have much

significance in the Central European region of the Soviet Union but is very impor-

C. . ) e S,
-{ tant in the relatively inaccessible regiohs of the North and Far East. The physi-

i
i
{
i
i
~i
|

cal elements, entered on the topographic map, are defined by means of a specially

developed key chart; by the naming of populated areas, by boundaries and landmarks,

by waterways, etc.
Many different objects are recorded on the aerophototopographic survey chart,
i objects which have to be drawn into the topographic map. This great detail recorded

on a photograph raises the problem of defining where certain parts of the landscape

sppear on the print and for determining their characteristic features. If this

problem could be solved completely in studying aerial photographs, the field survey

i would be limited to compiling the names of towns etc., and all of the interpreta-
tion would be done with instruments. However, the small scale of aerial photographs
and the necessity to secure data on the terrain which cannot be recognized or re-
corded by an aerial photograph, require additional field surveying to obtain such
data. Therefore, topographic surveyors provided with aerial photographs, go over
the photographed terrain, marking all elemental boundaries required for map prep-
aration on the prints. He also marks on the prints objects which were not recorded
by the photograph and inserts the names of places. In practice, the field survey
is usually combined with a photointerpretation. For example, aerial photographs

at a scale 1:50,000 to 1:70,000 cannot be interpreted to show, nor is it possible

-1to identify on them, lines of communication. It is difficult to determine the na-
4 ture of a forest, etc. Even with prints at a larger scale it is impossible to es-
tablish the type or the functional use of a photographed building. Is the building

of stone or of wood? Considerable additional data has to be secured.

Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R000900010007-0



- 0010007-0
Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R00080!

-

. 58. Identifyigg Features, which can be Used in Photointerpretation

4. All identi fying features, used in laboratory inte

(‘_wigrgph-, are classified into two groups, the first group comprising Qirgc;\t__t!g_g-_,_u‘xd

R t:fthe second group indirect data. The first group, as used for the phocointerpretation,

.| i A . i
1 .__|contains the data that positively identify the object in question, its shape, size,

12 hjheight, and color. The indirect group refers to data that establish the relative

)/,;j)oaition of an object with respect to the surrounding objects, the interpreted clas-
!

¢ _isification of the landscape as a whole, and to supplemental data obtained frea exist-

5 ':iing statistics and descriptions.
;_2 The shape of an object is one of the most important facts in identi fication.

’The object is presented on prints

4

Lf they are quite straight. Rivers and Streams appear as winding lines, etc. If
the optical axis is slanted, the shape of the image of an object on the photograph

5 iiiffers from the actual shape. This distortion is very small on prints used for map

4 Lding. The height of an object, however, has =a great influence on the change in

it ;shape of an image. This is so because the higher elevations of an object will be

40 r:list.ort.ed on the image (relief distortion), as in the case of an aerial photograph

L0 ibf a town, the high buildings may not only make the a joining streets appear narrow-
£ ,:pr than they are, but may in places hide the Street completely. Therefore, it is
3 :hdvisable to judge the shape of a high building from an aerial photpgraph only on
\ basis of stereoscopic exﬁination (Sect.69), when the interpreter is able to see
depth of field of an object, with the aid of a steren Pair. It is often possi-
to draw correct conclusions as to the shape of an object from only one print,
in this case the shadow thrown by the object, as recorded on the print, is of

W #xeat assistance.

010007-0
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For a comprehensive interpretation, the size of an object is a desirable cri-
A ! terion. Knowing the applicable scale for the print (the scale being governed by the
i focal length of the camera and the altitude of flight during photography) and the

| spproximate dimensions of the actual object, it is easy to determine the actual size

] of the object as shown by the print on a reduced scale. This permits a more accu-

i rate description of the object to be interpreted. Thus, e.g., rectangles on the

K prints represent individual buildings, gardens, agricultural areas, and some other

| elements of the landscape whose dimensions can be calculated by their representa-

| tive size. At the same time, on large-scale prints (1:5000 to 1: 10,000), individual
i buildings often appear larger than large agricultural areas on small-scale prints

1 (1:50,000 to 1:70,000).

One of the important factors of interpretation is the height of objects, which
_‘'is determined by their shadows or through stereoscopic examination of the prints.

To determine the height of an object by its shadow, it is important to know not only

the direction of sunlight at the time the photograph was taken (which can be deter-
'mined by the direction of the shadow) but also the height of the sun above the hori-
zon. It is definite that any variation in the height of the sun will cause a vari-
ation in the length of the shadow of an object. This makes it impractical to Judge
! height by shadow alone. Furthermore, in many cases, high objects do mot throw a
shadow. The surest way to Judge height of objects is by stereoscopic examination
of a pair.

Color of an object is a very important factor in interpretation or, to be more
| specific, the ability of the object’s surface to reflect ranges of the color spec-
ltrum. An object absorbs some rays of the sun and reflects others. The reflected
rays have a certain range within the spectrum, giving an idea about its color, by
its image. Any light reaching the light-sensitive emulsion of a film first passes

through a thick layer of atmosphere and then through the camera lenses. The re-

sultant effect on the film is well known (Sect.11). This light-sensitive surface
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1 |

reacts differently to the different rays of the light spectrum.  Thus the variable

' guantity of the reflected rays and their spectral composition create a varisble dem-
: sity on the composite image. This makes it possible to judge the color-reflecting
ability of the corresponding object. By using different types of film, which have
different coefficients of color semsitivity, and by using optical filters of differ-
ent color, the images of variable objects on the prints are not reproduced in stand-
ard tones of shading. For example, when using panchromatic film, water surfaces
appear as dark tomes (appearing in light tones on the negative), whereas infrachro-

matic film will canse these same water surfaces to sppear in light tones on the

print. This variance of tone, in photographing the same objects, is advantageous

for interpretation, since it permits better distinction between objects, which
would be reproduced in the same tone on one film but not on another.

The ability of terrain features to reflect colored light, the spectral sensi-
tivity of film, and the use of optical filters were used as basis for special refer-
ence charts published, which are composites of samples for photointerpretation. By
comparing the aerial photographs, with respect to their geometric (shape and size)
and optical (tone gualities) characteristics, with developed samples, it is possi-
ble to interpret with greater accuracy.

Factual data of interpretation give a basis for indirect data. For example,

a road ending at a river and continuing on the other side of the river indicates
the existence of a bridge or a ford, numerous paths converging at one point in a
populated area indicate the presence of a well at that point, etc. In addition,
supplemental practical data are of importance as is also a geographic study of the
entire terrain. For example, a topographic surveyor working in northern regions
invariably will study its geographic characteristics to be prepared for the type of
features he might have to face during interpretation. Data obtained from rosters

and lists in larger towns of the region and lists of names greatly facilitate the

process of interpretation.
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. . 59. The Sequence of Steps in Photointerpretation

i Prior to intérpreting an aerial photograph, the topographer makes a study of

i

| the regxon from lzterucnre data and detemnes the basic chnr-ct.er1st.1cs of t.he re-
gg:.on he will be confronted with during 1nterpret-t.10n. If the scale for t.he map
_J!co-posu:e is to be larger than 1:100,000, the topographer will make a detailed ster-
| eoscopic examination of all photographs amd mark them with a route for future field
“'surveying. This route must include all populated areas and all sections of the

“iprints where interpretation by instruments will be uncertain, such as boundary areas

jof elements and also their composition. Certain areas for which photointerpretation

“imay be accurate enough, still absolutely tequire a field survey.

Field surveying comnsists in recording objects on the photographs, which are not
_|distinguishable on these photographs and which are needed for making the topographic
map (communication lines, wells, bridges, etc.). The surveyor also draws in the es-
“itablished boundaries of elements which includes the collected list of pertinent
:‘_:nanes. The elements which were not distinguishable are drawn on the photograph,
“{fixing their location by distances measured from the distinguishable objects.

All identified objects are drawn into the photograph in the field, using desig-
nated key charts. Every day, after returning from the field, the topographer makes
the day’s entry on the photographs permanent by going over them with India ink. If
' ;the interpretation is being made from contact prints or from enlargements, each
:photograph is marked at the start of the work with the boundaries of the work areas,
“lwhich progress approximately along the center line up and down and across the com-
:posite. The interpretation is done along these working areas of a priat. Simultan-
leously with plotting the interpreted objects on the photograph, names are inserted,
“jthe course of rivers is indicated, and all other specified data are recorded.

When making a map at a scale 1:10,000 of an area which is difficult to pene-

"_;traCe, it is senseless to attempt a field survey by the above method. In such cases,

]gft.er a comprehensive study of the prints obtained, the topographer goes into the
1

173
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8
—: field with only the prints which are most representative of the general area. After

the field survey, these prints can be studied as standard examples and used as refer-

ence indicators for an interpretation of the rest of the primts. 1In this case, geo-

3ri>h1c observations recorded in report form are of great assistance.
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CHAPTER VII

TOPOGRAPHIC- GEODETIC WOBK IN VERTICAL- COMBINED
AEROPHOTOSURVEY ING

The number of plan identification points and their distribution on the photo-
jgraphs depend on the scale of the map being pPrepared, the scale of flight, the pho-
;togrmetric method of filling in or densifying the control net that is being used,
and also on the physical, geographic, and economic characteristics of the terrain.
:To compute the number of identification Points, the formula for cumul ative errors

;is used which, for a plan phototriangul ation series, takes the form:

|
|

1
i —Vn3+11.3n+6.s_+33 (27)
; P n

. where m denotes the mean-square error in the Position of median points of the pho-
:totriangn.lation series at the scale of the map; R is the reduction factor (ratio of
 the scale of flight to the scale of the map); b is the size of the base at the
:scale of the photograph; me is the mean- square error in one direction; and n is the
.’nunber of bases between identi fication points. The allowable error in the position

of points on the Plan is given in the respective instructions so that, in Computing

175
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the density of the geodetic base, it can be asaumed that its magnitude is known.

) Then, knowing the distance b between the primcipal points of the photographs, the
L

) scnle of the map being compiled, the scale of flight, and the mean-square error in

€ . -
‘one direction mg, the equation

‘

9 m2p2

_— (27a)
R? b2 g, 2

n3 + 11.3 p + 6.5 -—1-+33=
n
i
i

will yield the permissible number of photographs between plan control points, and
..v‘ieonsequent.ly, the distance L between bench marks. This distance is obtained from

the equatics
G
L =B (n-1)
jvhere B is the length of the photographic base on the terrain.

61. Drawing up a Plan for Tying in Xdentification Points

Bearing in mind all of the above conditions, a plan for positioning geodetic
tie-in contour points (or identification points) can be drawn up.

The planning is carried out by rough mosaic mounting of the aeriai photographs
on which all known points of the geodetic grid are entered (approximately or exactly,
depending on identification) along with the Proposed plan identification points.

The plan identification points are usually so selected that they fall in the
;:enter of the side lap between flight strips; then each identification point can be
,nsed for two flight strips. The plan identification Point must not be located along
the center line of the photographs since, in that position, it will be very diffi-
cult to incorporate into the phototriangulation grid.

In planning, the topdgraphic features of the terrain must be taken into consid-
eration to draw up a project easily reduced to practice. When marking off a point,

not only the ease and reliability with which it can be identified but also the

176
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¢ . . - -
. possibility of determining its geodetic coordinates must be considered. Therefore,
lim drawing up a plan, stereoscopic methods for viewing aerial photographs are a pre-
4

;requaisite.
‘ The photographic representation of contour points must be clear and sharp.
The following may be selicted as idemtification points: crossings of roads or
» intersections or corners of tilled fields, foundations of buildings or struc-

tures not covered by shade, unshaded bases of isolated trees or bushes, etc.

Selection of identification points on poorly defined contours or contours that

]u'jnre circular in form should be avoided since they cannot be accurately identified.
1e. 7! - .

. a Y ]
0] . . :

PROVIS I ONAL MARK
OF CENTRAL PRINT

A& i IDENTIF ICAT ON
POINT

|

i

v

1
Ty
N

|

i

|

a ’ a

Fig.93 . Standard Scheme of Locating Plan Identification Points
on a Trapezoid at a Scale 1: 25, 000

For ex le, identification ints in ravines, among trees and bushes, in the deltas
| amp po

]

iof rivers or brooks, or at the crowns of trees are unsuitable,

i

; From the viewpoint of geometric location, the identification points should be

:positioned 80 that they can be intersected by no less than four central pecints of
{the photographs, i.e., they should be in the center of the zone of side lap of ad-
:j-cent flight strips, and should preferably be in zones of triple end lap. The den-
;sity of identification points will depend, as indicated above, on the scale of the

_,’map and other conditions. Thus, e.g., for a wap at a scale 1:100,000, the intervals

e e i

R U
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between plan identification points along the line of flight may be as large as
60- 100 km, while for maps at a scale 1:25,000 or 10, 000 (Fig.93) it has been estab-
:lished that “plan identification points should be located at intervals of 4.5 to

9 km. Aerial Photographs with insufficient end lap and toning should be tied in with

B v %“%‘W’&%S ot "’"‘"T’#

N iadditional identification points’” (Bibl. 17 and 18).
After a plan is drawn up, all points selected for tying in and all bench marks

lare plotted on the reproduction of the rough mosaic and designated by conventional

:sy-bol 8.

The aerial photographs and the reproduction of the rough mosaic, with the se-

lected points marked on it, are turned over to the pPersonnel charged with tying in

the aerial photographs.

Perfornlgg opographic-Geodetic Work for Tying in Aerial Photographs

The task of tying-in aerial photographs to points of the geodetic bases consists

of the following operations:
1) Identifying the contour points (identification points), marking them on the

aerial photographs with pin pricks, and sketching the identification points (con-

tours);

2) Fixing the identification points on the terrain;
3) Topographic- geodetic surveying to determine the plan position of the

identification points.

Before tying-in is started, a thorough reconnaissance of the terrain should be

made to confirm the choice of geodetic methods and to check the disposition of

pl anned identification points.

‘a. Identifyins, Pin Pricking, and S(el‘.ching Points

The process of identification consists in collating and matching 1dentification

of marking them on the aerial

poulta with the corresponding points on the terrain,

photographs with pin pricks, and of sketching their position. These are all simple
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but very important operations.

The process of identification requires great care and full attentiomn, since

B i the possibility of oversights in identification must be avoided at all coast. An in-
...correctly identified point, even if its geodetic coordinates are correct, is com-

o ipletely useless.

Tdentification on the terrain should be carried out with an error not exceeding

t‘.he graphic accuracy of identification on the photograph. It may be taken for

Fig.94 - Marking of an Identification Point on a Photograph
and its Contour Sketch

granted that a pin prick can be made on a photograph with an accuracy of 0.1 mm.
fl'herefore, errors in identifying contour points on the terrain should not exceed
I0 1 mm relative to the scale of the photograph. When identifying a point on the
‘terrain, the topographer should carefully compare all contours on the photograph

’near the selected identification point with the terrain to make certain that the

‘Point he is about to pin-prick on the phot.ograph is the point he is sighting. Such
‘a comparison is mandatory, since one photograph may contain several identical con-

‘tours, so that the wanted point can be positively identified only by comparing the
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image of the contours next to the point with the terrain. After the contour of ter-
rain selected as an identification point has been positively identified by comparing
the terrain with the photograph, the point is pricked on the photograph. Some kind
of firm backing such as celluloid should be placed under the aerial photograph when
Pin-pricking points to ensure proper coincidence. A thin, sharp needle should be
used so that the pin pricks are round, small in diameter, and visible against the
light.
The pin prick should be encircled on the reverse side of the photograph and
signed. Here also a sketch is entered of the identified point at a scale larger
than that of the aerial photograph, for
easy reading. When sketching a contour,
® the image of the contours on the photo-

N\ graph should be used as guide and the ter-
PLAN I,5n————}.
PROVISIONAL MARK

9_ :" lgf#&rleo" incidence with the sketch of the aerial

rain as a control, to achieve maximum co-

photograph. When hatching the sketch of
Fig. 95 - Marking an Identification

. . the contour, the relative degree of dark-
Point on the Terrain

ness of the photograph should be retained.

Terrain contours which do not show up on the photograph should not be shown on the

conteur sketch. Brief explanatory descriptions should be made on the contour

— A
>

Fig.96 - Digging for Reference Marks

sketch, e.g. ‘“‘corner of a field”, “bush’, ‘‘cross roads”, “corner of a house’”, etc.

(Fig. 94).
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The contour sketch should be drawn with an ordinary black pencil, clearly and
‘accurately, indicating the date of identification and the name of the sketcher.
:Careful and accurate sketches of identification points are helpful as a control of

‘ _iidentification and in transferring identification points from one photograph to an-

jother.
i

, ib. Marking Identification Points on the Landscape

i Identification points are marked on the landscape with a stake about 1 m long
i
iand 0.1 m thick which is driven into the ground to a depth of 0.6-0.7 m. A spot is

:snoot.hed off on the upper part of the stake, and the name or number of the identi fi-

lcation point is writtem on it.

i Identification points are also marked by ditches dug in the form of an equil at-
i
leral triangle with 1.5 m sides or a circle with a radius no smalier than 1 m(Fig.95).

The ditch should be one shovel-width wide and deep (0.2-0.3 m); see Fig. 96.
The earth removed from the ditch should be piled outside the ditch so that it does
pot interfere with the setting up of the instrument.

I

i A surveyor’s stake may be placed on the identification point to facilitate

sightings from other points.

If these reference marks must be preserved for a long time, they should be re-

inforced in a more pPermanent manner.
!
|
k. Topographic-Geodetic Measurements

Various methods of topographic-geodetic measurement are used depending on ter-

The analytic grid (small triangulation grid) and the graphic (geometric grid)

| .

pre most widely used for locating identification points when mapping open or semi-

[
i
!
'Fain condi tions.
!

oncealed terrain, and the tramsit traverse is primarily run through the concealed
terrain. Combined use of both these and other methods of tying-in are often met in
[
i
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pPractice. Constructing a control survey net by graphic methods is permissible only
for maps at a sacale 1: 100, 000.
Since the majority of plan identification points are isolated points, it is

‘-ost convenient to locate them by direct or reverse intersection with triangulation

lpoxnts (Fig.97.)

. However, identification points cannot always be obtained directly by triangula-
';t.xon or intersection; in such cases some point mear the identification pPoint must be
:aelected and the identification Point must be tied in with this point by making ad-

:d.ltxonal geodetic measurements.

»f
lmN'TIFI(‘ATHN

~,
N

DIRECT INTERSECTION
REVERSE INTERSECTION

Fig.97 - Locating Identification Points by Intersections

?
i
|
i
j
i
i
!
i
!
i
]
i
I
f
i

Thus, e.g., the polar method of tying-in can be used, with direct measurement

of the line to the identification oint, the so-called tying-in by points (Fi .98).
! p g
iThis method may also pe used when some point of the geodetic grid cannot be identi-
lfxed on the aerial photograph. 1In such cases, the known contour adjacent to the

gpoint which cannot be identified is also tied in by a point.
: When direct measurement of the distance to the identification point is impos-
]
i
|
]

sible, the distance can be determinea geodetically by constructing a triangle and
measuring the elements necessary to determine the plan position of the identifi-
]}cacion point.

" As noted above, for concealed terrain, transit or tachymetric traverses are
]

;run.  Tachymetric traverses for tying-in identification points are run for small
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scales of photography (1: 50, 000; 1:100,000) or for cases where it is difficult to
measure lines of the strip, e.g., when the land is concealed, intersected, or swampy.

Transit traverses are run:

"A

Q\ ‘
\
IDENTIFICATION -
| & o \

Fig. 98 - Polar Method of Tying-In

a) Between two geodetic points, in the form of separate elongated traverses;
b) In the form of a system of traverses based on geodetic points and forming
one or several junction points:

c) In the form of closed polygons based on one geodetic point (Fig. 99).

& &‘\*M

)

Fig. 99 . Diagram of Transit Traverses

“Hanging” traverses should not be permitted, the traverse should be tiea into a
geodetic base point or into the extension of an earlier traverse.
Graphic (plane-tabie) tying-in of identification points is carried out by ex-

panding the geometric grid.
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i

In analytic, and even more so in graphic tying-in, there may be opportunities

ifor locating additional identification Points. Advantage should be taken of such

) opport.nlntles if this can be done simul taneously with carrying out the basic task,

R !the tying-in of planned 1aent1f1cltlon points.

In addition to the most common methods, indicated above, various forms of tri-

angular circuits, complete and incomplete central systems, and combined intersections

" Imay be used, their choice depending on the specific conditions encounterea.

7
‘.
’
N
ot
Xl
Vo

»

For the analytic tying-in of aerial photographs, the basic measuring instrument

jis a theodolite of 30" accuracy; for graphic tying-in, a pPlane-table with a tele-

iscopic aiidade is generally used.

The technical methods of making angular and linear measurements for t.y:lng-

lof aerial photographs are the same as for ordlnary geodetic work, while the few spe-
ific requirements and technical tolerances (configuration of grids, length of trav-
depending on the scale of the map and the

which should

lerses, allowable errors of closure, etc.),

method of tying-in, are contained in corresponding instruction manuals,

|

be consulted in carrying out the work.
f On completion of the work of tying-in aerial photographs, the following mate-
llrxals should be submitted.
ll For analytic tying in:
1) The aerial photographs (contact prints) with identification points and
contours marked on them;

2) A reproduction of the rough mosaic with identification points and geodetic

control points marked on it;
3) A diagram showing the tying-in of identificgtion points.

4) A survey record.

|
|
!
|
|
|
i
i
i
|
.’

i For graphic tying-in (in addition to the aerial photographs and the reproduc-
I‘cion of the rough mosaic):
)

1) The plotting board with points located on it;
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2) Data on the margins of the plotting board of the plane-table;

3) Topographic records.
‘

c " 163. &xrveyin; BRelief on Photomaps, Aerial Mosaics, and Photogrgha

Compared to plane-table survey, in which the topographer enters on a blank sheet

T

!

“of paper contours of his own choice and the relief, the survey of relief on a photo-
-

""’Fﬂp, aerial mosaic, or photograph differs as follows.

- i Primarily, the contours of the earth’s surface are depicted on the photograph,
#enlung that the survey of relief is based on known contours; secondly, the photo-
H%r-pha, in addition to the contours of the locality (estate boundaries, roads, popu-

'ated points, etc.), contains contours related to the relief of the terrain, e.g.,
dges of ravines, lines of water courses, cliffs, water holes, etc., i.e., elements
i ]yinch form the skeleton of the relief.

% The base lines of the relief or its skeleton, i.e., the lines of water courses,
Lidges, summits, etc., plotted by the topographer during the plane-table survey in
iit.he form of broken lines, are of considerable value in relief surveying. In a given
gcase, these lines need not be plotted, since they are already given in much greater
;det.ail on the photograph than on the plane-table survey.

: The basic methods of plane-table surveying (Bibl. 19), in their application to
iplotzing horizontals and sketching relief on photomaps, aerial mosaics and photos
‘iremain unchanged in principle. However, there are certain specific differences

|
,'h.ich have a noticeable effect on the nature of the work.
I

]
i
i

It is known that a photomap is a mosaic of transformed prints gluec to a stiff
fF:nml:i.ng; the photographs are usually printed on glossy paper. Sach a photomap is
1

jinconvenient. for work under field conditions, so that the photomap is usually re-

I .
iplaced by a reproduction on mat paper, cemented to a rigid support (aluminum or ply-

;-ood).

Before beginning the field work, the accuracy of the rhotomap reproduction must

i
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":, ‘be checked. The borders and the kilometer grid of the coordinates can be checked
i’ iwith a precision ruler or a beam compass by comparing the dimensions with their
4 : theoretical magnitudes. The accuracy with which geodetic points have been plotted
¢ _‘-uat also be checked. Deviations in dimensions of the borders should not exceed

:'0. 3 mm, while errors in the position of control points with respect to the border of
_Ithe trapezoid should mot exceed 0.2 mm.
The photographic reproduction of the photomap should be of a uniform grey or

| ight-brown shade and of normal sharpness and density, so that lines drawn in by

Seale 1:250002

Fig. 100 - Determining the Plan Position of Halting Points by
Measuring the Distance along the Contour with a
Leveling Rod

pencil will be readily discernible on all parts of the photomap. At this time, the
elevation control points, elevation reference marks, and the descriptions of their
position should be checked.

In addition to the photomap, a set of aerial photographs with 60% end lap of

the given strip of terrain is required for stereoscopic study of the relief.

64. An Elevation Control System for Surveying Relief on Photomaps

If a photomap of scale 1:25,000 to 1:10,000 has 20 to 30 elevation control

- ;points which are uniformly distributed over the plotting board, there is no need to
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expand the elevation comtrol net, since this number of control points will permit

!accurate determination of the elevation of any intermediate point.

If the deasity

Fig. 101 - Determining the Plan Position of Halting Points

by Measurement from Two Contour Points

and distribution of elevation control poimts is inadequate, the elevation control

network will bhave to be densified.

RAVINE

Fig. 102 - Deternining the Plan Position of Halting Points

by Intersection from Two Points

Densification of the elevation network is carried out either by expanding the

geometric grid, or by extending the basic piane-table elevation traverses. The

st convenient method of constructing an elevation grid is selected on the basis of

oved for Release 2010/09/15 : C DP81-01043R000900010007-0
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« ; .
the number and distribution of elevation control points on the plotting board, and

“ ‘also on the basis of terrain features (density of forests, irregularity of relief,

4 ‘ . .
..iand other characteristics). ‘Actual inspection of the terrain along with a stereo-

€. |
|scopic amalysis of the photograph will help in selecting the most convenient method

[ -
..jof constructing the elevation grid.

¢ The most common method of constructing the elevation control network is by using
;the basic plane-table elevation traverses, whose points can generally be identified

’ _lon the photomap. It is one of the characteristics of vertical-combined surveying
_:thlt the distance between points can be determined directly from the photomap as the

idistance between identified points, rather than measuring them with a range finder.

N If it is impossible to identify points of the traverse in the plan position, these

_jcan be fixed by the distance measured with a ruler from a contour point of the trav-
';hrse, while orienting the Photomap by a compass or by the contours on the photomap,
_ichecking the orientation with other more distant contour points or geodetic points.
In addition to the method described above, many other combinations of methods

jpay be used to determine the plan position of points. Several of the most typical

methods are given below.
|

] 1. By weasuring the distance along a straight contour from i1ts turning point

with a leveling rod, using another angle along the line or another contour for a

control (Fig. 100).
2. By measuring the distance from two well-identified contour points of the

photomap with a leveling rod. The point will be found at the intersection of these

fradials, laid off to scale with compasses (Fig.101). The photomap is oriented by
J

[V
kompass or by contour points, using distant objects as controls.

P

|
W |

Arhoto-np. which points are oriented in advance (Fig. 102).
aY

3. By intersection from two or three weil-identified contour points of the

®
4. By reverse intersection from geodetic control or identifying contours, with

A Frelinin-ry orientation of the photomap.
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In addition to these methods, characteristic for vertical-combined surveying,

’ ,iplme-t-ble survey methods (a geometric grid, based on the plane-table traverse, and

i"'{a graphic solution of reverse intersection) are also used. The latter is chiefly
(‘___;used in parts of the photomap with an insufficient number of identifiable points.

- The basic plane-table elevation traverse is run between elevation control points
“{(control points, reference marks, triangulation points), and also between points of

" ltied-in basic plane-table elevation traverses, by using a telescopic alidade or

e transit with a vertical circle that reads to 1' or 30" accuracy, or a telescopic
:alidade equipped with a cap-altimeter deaigned by engineer G.Yu. Stodolkevich.

The tranafer of elevations with a telescopic alidade is generally carried out

" __by taking readings in two directions to obtain direct and reverse elevation, while

Fig. 103 - Sighting on Landmarks for Orientation

‘ang.les are measured in the two positions by the vertical circle.
|

While running the basic elevation traverses, observations are made on points

S
|
I

f the trigonometric grid and on other local landmarks which have significant ele-
,’vation. The distance to these objects is taken from the photomap.

-, g The elevations transferred from points of the traverse by numerous sightings

1
:' jon local landmarks, used for orientation, may be used later in sketching the relief.

i‘ln observing such landmarks, the horizontal stadia wire of the telescope tube of the
| :

189
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alidade is sighted on prominent characteristic points or lines of the object, such
{as the top of a chimney or tower, the base of the spire of a windmill, etc. The
"’?sighf.ed place is then entered in the record, with a sketch (Fig. 103).

- Points of the basic traverse, used later for plotting the relief and for tying-
7}u\ of survey traverses, should be marked with a wooden stake and capped. For the

!

‘|scales of topographic maps compiled by vertical-combined surveying (mainly 1: 10,000

|
_ |and 1:25,000), published instructions are available that give the respective toler-

_’!innces for lengths of traverses and lines, errors of closure, and other technical

irules to be used as guides. In the given case, greater lengths are permitted for
‘iplane-table elevation traverses than for plane-table surveying, since in running
‘[them off, the plan position of points is determined from the photomap.

) This fact is importamt, since it makes it possible to have a less dense geode-

tic base on the plotting board which, in turn, affects the organization of the work

as a whole.

After computing the average increments in elevation between points of the trav-
rses and drawing up a diagram of observations, the heights of points of the basic
Iblane—table elevation traverse are equalized by the vanishing point method or by the
%polygona.l method. Then other adjacent traverses and connecting points are tied in.

E Elevation points are plotted on a tracing of elevations (Fig. 104) which con-
itains also their numbers and elevation.

] Also plotted on the elevation tracing are geodetic control points, reference
Fmarks for geometric leveling, survey base points, survey traverse points, and iso-
{,1ated points for which observations have been entered on, record (local landmarks,
jcharacteristic points, etc.). Magnetic declinetions are also recorded on the trac-
ling.

; Funning of elevation traverses is dome under various conditions, depending on
|

ithe existence and location of elevation control points and on the physical, geo-

f
;grq;hic, and economic character of the region surveyed. All these affect the trav-
i
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erse and the nature of work performed. For example, depending on the availability
of points and the nature of the terrain, it may be expedient to extend the elevation
:grid in parts, but not over the entire plotting board at once. In open and treeless
.iterrain, the work is different from what it would be in wooded terrain. If there
: R jare large bodies of water on the terrain, the water surface can be used as a reflec-
"it.or for transferring elevations, etc.
!
!
i

All these and other individual variations in the terrain should be considered

"and put to good use in running basic plane-table elevation traverses.

65. Transitional Survey Poinmts

Full use should be made of points of the basic elevation traverses as transi-

'

N
- .__a-.\“ o m it

ional survey points in plotting relief. Besides these points, the elevation and
27 posit.ion of other transitional points, necessary for the survey, should be defined.
2t %Ihe density and distribution of these points will depend cn the skill of the topog-
%rapher and on the nature of the relief and density of trees in the area. In open
‘)laces the number of transitional points will be smaller than in wooded sectors,
*rlu.le an area with broken or sharp relief will require more transitional points than
": level area.
Transitional survey points may be located on the photomap in various ways.
In the plan position, these are located by:
a) Identifying a contour point. Any contour, its angle, or the intersection of
ontours identified on the photomap, can be used as transitional survey points;
i b) Identifying lines on which the point is located (landmarks, roads, etc.),
Fnd measuring the distance from one, two, or more identified contours (see Fig. 100);

c) Measuring tne distances from two or more identified points located near by;

he point will then be located at the intersection of the radials, read from the

O

ptaff and laid off to scale on the photomap with compasses (see Fig. 101);
|
i

d) Intersecting with two or more identified contours at a determined point

(see Fig.102);
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e) Reverse-intersecting from geodetic control or identified contours with pre-
‘liminery erientation of the photomap;

: f) Any of the methods used in plane-table surveying, or a combination of them.

_?A frequently used method of locating points is by reverse intersection with orienta-

..ition of the plotting board by means of sketched-in bearings. For example, assume
A
‘it.hat; a traverse is run along a boundary which is poor in contours (swamp, tundra,
i
__jmeadow, etc.). From the last positively identified contour point, a bearing is taken

R

" ko a tramsition point not identified on the photomap. Ou this transition point, the
]

»_jlalting point of the plotting table is oriented by a line drawn to this point from
1

e

khe preceding point, and the point itself is reverse-intersected with surrounding

vty
%

eodetic or contour points.
In orienting the photomap, besides using control points, use prominent distant
$ontour points and identify them carefully.
With respect to elevation, transitional survey points are obtained:
a) Primarily, by running survey elevation traverses through a point (through

kthe leveling staff). Vertical angles are measured twice in each direction, on two

Hifferent points of the staff. Survey elevation traverses are run between elevation
kontrol points (triangulation points, bench marks, points on basic elevation tray-
erses) and tied in. Traverses consisting of no more than two points, not counting
khe starting point, do not have to be tied in.

In some cases, it may be preferable to mark the terrain position of transi-
tional points for further use by driving a stake and capping it, blazing a tree, or
pther methed;

b) as isolated points - by sightings on two or three.points, whose distances
Lre taken from the photomap.

Elevations of the tied-in tramsitional peints should be entered in the record

. hnd also marked on the elevation tracing. Numbering of all points on the elevation

Ihracing, in the record, and in the catalog should be the same, to avoid error, In

i

193
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addition, it is advisable to number all basic and survey transitionai points with

}serid numbers, starting with “one”. This method of numbering precludes the possi-

‘:‘_j:ilit.y of giving the same number to two points.

i

To depict relief with horizontals, elevation points, so-called stake or rod

oints, are required; these can be

Fig. 105 - Sighting on Contours of the Terrain

105). This, of

does not mean that leveling staff sightings are neven taken, since the re-

,’lief always contains sections without i1dentifying contour points, whose elevation
i

:and location must be determined by rod readings. Contour points should be used as

much as possible to obtain elevation reference marks, corresponding to their rumber

on the photomap.

|
I
1
{
!
i

-0
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(: » =
It is known that, in ordinary plane-table surveying, sightings are taken at the

/”!height of the instrument to simplify computing the height of the stakes; when taking
¢ i . .
_.:bearings on contours, the stadia hair is sighted on the ground. This means that, in

[ . -
..ithe latter case, the height of the instrument must be taken into consideration.
i

The techmical methods of measuring angles remain the same as for plane-tabje

tsurvey, i.e., wvertical angles on the stakes are measured with the vertical circle in
"_;one position, having the value of the null setting close to or egual to zero.
ISightings on stakes are not entered in the record, except for observations along the

)
_|shores of bodies of water (unless pPreviously sighted from control points), which are

__made with the circle in two positions.

t Elevations of typical terrain features are recorded both on the Photomap and on

|

' ‘“Fhe elevation tracing. Stake points are usually selected on typical terrain fea-
I

f_kures. i.e., at discontinuities along water divides and water-course lizes (peaks,

'_”}Lases, ridges, bottoms of hollows, ravines, anticlines, points where the slope of a

hill changes, and shores of bodies of water, etc.).

1 Stations, from which the terrain is studied and heights of the stakes taken,
;should be so selected that the relief can be seen clearly in all directions both
%horizontally and in depth, i.e., in such a way that the configuration ot the terrain

presents itself most clearly to the eye.

Primarily, these wili depend on the scale of the
map and secondly, on the number of elevation readings taken.
i However, correct positioning of elevation stakes is as important as the number
‘f‘of stakes; they should characterize the configuration of the relief, as far as its
general character and individual details are concerned. Correct positioning of the
Jjelevation stakes, will considerably facilitate correct interpolation of horizontals
;md plotting of the relijef.

|
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« .

Plotting the forms of relief on the photomap is easier than in plane-table sur-
‘ '!.veying since the topographer has before him the base (skeleton) lines of relief,
4.1

_li.e., lines of water courses, edges of ravines, gullies. In plane-table surveying,

€
the base lines of relief are also plotted but in a more schematic, less objective

3.

{
|
-
Q <! .
_|/manner than is accomplished by photography.
!

i Having the base lines of relief available greatly simplifies and facilitates

“|che task of pPositioning transition points and elevation stakes. For example, on a

HOR|IZONTAL DRAWN per S5 M
Scale ]. 25000

"Sales 1. 2005

Fig. 106 - Pepresentation of the Horizontal PRelief of
Terrain, as Shown on an Aerial Photograph

photomap or aerial photograph, edges of ravines and gullies are shown in detail,

difficult to attain in plane-table surveying without a large number of stake points.
Figure 106 shows part of the contour lines from a topographic map at a scale

1: 25,000 and the corresponding aerial photograph. Ravines and water courses in

hollows are clearly visible on the photograph.

Experience has shown that the characteristics of a photomap permit a reduction

in the number of elevation stakes by at least half, as compared to plane-table sur-

iveying, which considerably speeds up the work.
i
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i

Experience has also shown, that in surveying relief in general, cad on a photo-

‘map in particular, several general principles should be observed:

; 1. Plotting of relief should be done for an entire massif rather than for small
) iaectora, since, in the analysis of the section photographed, the aggregate of the
”,;;contour lines continuously extended over a stretch of terrain helps in the interpre-
;gt.t.ion of the general nature of the relief and of individual parts.

; Before starting to plot the relief, the terrain should be studied closely in

the field. This can be done simul taneously with running basic elevation traverses.

Fig. 107 - Schematic Diagram of a Stereoscope

;Moreover, by using a set of contact prints ana a simple collapsible mirror stereo-
scope (stereoscopes L-3 or I-5; see Sec. 70), the entire area can be viewed, espe-
!cially its concealed parts (woods, undergrowth, etc.). For example, if there are
large forests on the surveyed section, it is preferable to plot first the open
;areas around the woods, which makes it possible to analyze the general nature of
;ithe relief and makes it easier to plot the relief in the forest. Swampy spots

s: may be
Zexplored in late summer or after the first frosts of autumn. Proper study of local

conditions helps in efficient planning of the sequence of operations,
2. Although the number of tramsition points, as noted above, depends on the

scale of the map, on the ground i'elief, density of trees, and other factors, an in-

|
|
i
|
i
!
|
|

crease in number of tremsition points at the expense of a decrease in stake points

197
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speeds up the plotting of relief and improves its quality.
It is poor practice to fix on distant stakes and extend the contours to places

‘_ iwhere the terrain cammot be seen clearly. 1In such cases, it is preferable to take
!
_lan extra transition point, 20 as to see the surveyed relief more clearly.

i
i In open places with complex microrelief, the relief can be plotted from stake
”zpointa. To do this, the instrument is Set over a stake, the photoplan is oriented

*iby contours, and the relief is sketched by eye, using the elevation of the halting
t”“point (atake) as a guide.

‘ 3. As a rule, contours are drawn on the photomap in the field; photographic
:.qplotting of contours in the drafting room according to stake readings taken in the

X ‘ field is permissible only if a stereoscope is used and the plotted relief is later

‘ichecked in the field. The smaller the scale of the map, the more use has to be made

" bf the stereoscope.

1 In covered areas, where difficulties are encountered in sighting stakes, use of
fh;he stereoscope considerably facilitates the sketching of relief. The relief is
Llotted on the aerial photograph under the stereoscope, and the contours are later
transferred to the photomap. Noting the position of horizontals on the aeriai photo-

raph with respect to well-defined nearby contours, permits drawing the contours

!
flirectly on the photomap, using the corresponding contours of the photograph and the

s

|
fhobonap for orientation.
!

The aerial photographs are set up in the stereoscope as shown in Fig. 107, which
£ l’is a schematic diagram of the positions of the two aerial photographs forming the

: jstereo pair, for viewing with the stereoscope. The ! denotes the left photograph

. land the letter r, the right photograph; 01C1D1K1 and OCDK are the paths of the cen-
. },crnl rays traveling from the left and right photographs to the eyes of the observer.
. }IThe eyes of the observer are at K and K3. Mirrors are located at poinis C,. b;, C,

;and D. The aerial photographs are set up so that their mutual end lap is toward the
é!inaide and so that the left photograph is seen by the left eye and the right photo-

198
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(g Jo—
-.'graph, by the right eye; the photographs should be rotated in their planes until
o |

. itheir initial radials lie on the straight line AB; they then should be moved along

4. .
._this line until a stereo image of the terrain cean be seen without strain.

e |

thile viewing stereo models, the so-called pPseudoscopic effect may take place,

—jin which it will seem that slopes of the terrain seen through the stereoscope do not
) Jjcorrespond to reality but will seem turned in the opposite direction. For example,
_lit may seem that rivers are flowing uphill, and that the height of the stakes does
‘ not correspond to their location. This effect must be corrected by turning the pho-
_itographs in their own plane.

4. Since the differentiation of relief proceeds from bottom to top, along the
.|lines of water courses, each upper contour line will, as a rule, reflect to some ex-
_ltent the curvature of those below. When sketching the relief from bottom to top,

H.e., from tramsition points located lower and closer to water courses, we must re-

_member that from below and to the side, relief is seen more clearly than from above,

'where the landscape seems flatter and declivities seem rounded. On the other hnn-d,
" ijwhen plotting from the top downward, the relief can be seen for greater distances
than from below. These factors should be kept in mind when locating transition
points.

'5S. In surveying wooded areas where several ravines and hollows are poorly vis-
lible on the photomap, and in other cases in which the base lines of the relief are
pot clearly visible, these lines should first be roughed in on the photomap, using

the stereoscope.

6. The character and form of contour plottings should correspond to the actual
forms of the relief of the earth’s surface. In most cases, the contours are

{sketched in flowing, rounded lines, corresponding to the unvaried, smooth forms of
the relief of a plain. However, sharp, Jagged forms, characteristic of mountainous

. regions, may be encountered, in which case the contours should show up in the sketch

:as pointed, angular lines.

H
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7. Contours of additional intersection (half-contour lines) should be used gen-

‘erously to depict such terrain features as rims of terraces and cones of washouts,

-and to emphasize important relief elements that do not stand out in scale: sink

=

2.

27

7

N

s

o

Fig. 108 - Saddle ' Fig.109 - Bend of a Slope

iholes, landslides, and other designated elements. If these special relief features
can be shown by means of the basic contours, there is no need for using additional

make it difficult to study the relief and

‘lcontours, since they may crowd the map and

ontours.

!
jo
i
I
l
{
|
1
!
!
|
!
|

]
! Fig. 110 - Curve of a Declivity and Hollow

Practical experience has established several rules for drawing additional con-
tours which may be summarized as follows (Bibl. 20):

a) In sketching summits and saddles additional contours must be run on both
sides of the summits or saddles, so-called key contours (Fig. 108):

b) The additional contour characterizing the curve of a slope should not be

|
;
|
c
|
!
i
!
|
!
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filled in until the slope becomes uni form (Fig. 109);

c) The additional contour characteri zing the bottom of a valley shoulid be run
,i;dong both slopes and should intersect the line of the water course; an unsymmetrical
,,_jbreal in the comtour can only appear if the opposing slopes have different forma-

. ilt:ion-;

d) The additional contour characterizing a declivity should not be placed at

entrance to a hollow, but should be run through an opposite declivity to show

relief of the bottom of the hollow (Fig. 110).

When interpolat.ing contour lines, mnot only the elevation readings of

stakes but also the geomorphological character of the relief described must be
ft.aken into consideration. Sometimes it is necessary, depending on the scale, to ex-
gaggerate or generalize contours to emphasize characteristic or important relief fea-
i;I:nm:.s. %hen using a very large scale, the depicition of relief loses the character
;'hf a s]tetching. since the contours are obtained from exact measurements and the
a;cde of the map shows up all relief features. The smaller the scale of survey, the
¢

more important will plotting become.
§

H Knowledge of the principles of geomorphology helps in developing the skill of

i

recognizing the main typical relief feature. Changing the form of the contour, even

i
within the limits of graphic accuracy, 1i. within 0.2 mm or slightly more, relief

This can be demonstrated on an example:

Figure 111 shows pPart of a topograpnic map at a scale 1:25,000, whose contours
Alhre at 5 m intervals and show three depressions. The curvilinear rounded contours
gdo not show the abruptness of the gullied, eroded landscape and the actually very
*)ronounced rim of the hollow does not stand out, despite the fact that the contours
:-ere geometrical ly correctly plotted from elevation readings of stakes.

i
H

201
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‘;J Figure 112 shows the same depressions with their form slightly changed and the
7 -
!cont.onrs displaced by 0.2-0.5 mm along the rims of the hollows and the slopes between.

:'Mong the rims (by the rim is meant the line of transition of the slope to the wall

_lof ravinme, hollow, or valley, where a sharp change is noticeable), the contours were

;bronght closer together, the transition from the slope to the walls of the hollow
;vas made more angular, and the curvilinear form of the contours showing the slopes

;between the hollows was made straighter. ‘After correction, the relief looks quite

Fig. 111 - “Smoothed-Out” Fig. 112 - A Truer Rendition
of the same Relief

different; the rims of the hollow can be seen. The relief does not look “smoothed

out, ” since the straightened contours, in combination with the lines of the rims of

the hollows give the impression of hollows that cut sharply into the slopes i.e.,

they reflect the morphological nature of the landscape more accurately.

The above example shows that geomorphological features, when depicted on a map,

ican always be confirmed topographically.

67. Surveying Relief on Aerial Photographs and Aerial Mosaic

All of the above statements as to sketching relief on photomaps also spply to

aerial photographs; since identification of relief on photographs basically proceeds

n the same order and by the same methods as on a photomap. The difference lies in
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‘the fact that, instead of working on an entire sheet such as a photomap, the work

iis done on individual photographs, each of which has a different, nonscandard scale

._ tact prints or enlargements) has the advantage over plotting on p
lican be done as soon after the flight as the photographs can be developed. There are

“|cases in which such a procedure, which reduces the time spent on field work, is nec-

idetermined in this manner are identified on the

‘4«

“jof the elevation control network is possible by expanding the geometric grid.

j;-hl'.ch is inconvenient to use (e.g., 1:15,650 or 1: 24,700). These facts somewhat com-

but plocting relief on aerial photographs ( on con-

hotomanz in that it

lesaary.

If there are geodetic control points on the section photographed, densification
Points

aerial photographs and used to sur-

_jvey the relief. If the coordinates of the plan control net are not given, the ele-

) vation controi net is densified as on the photomap, by running basic elevation trav-

erses. In the latter case, the traverse should preferably be run through the middle

bf the flight strip.
i

i Two sets of photographs are needed in surveying relief, one printed on mat

!

Paper for surveying relief and interpretation, the other printed on glossy paper for

i)lan tying-in of the aerial photographs. )
‘ In surveying relief, rather than the entire photograph only the working part is
;ased, delineated by lines pPassing through the center between end and side lap of the
i)hobograph and the flight strips. Fig. 113 shows a group of six photographs from two
djacent flight strips with an end lap of 60% and a side lap of 40%.

]

i The lines passing through the centers of overlap are shown as broken lines,
I
phile the hatched area A, B, C, Dof photograph No. 337, is the part which will have
!

khe relief drawn in.

! The boundaries of the working area are either marked off on the rough mosaic by
i
hsing a plot on which the center lines of the overlaps are traced, or else these

!

ilines are sketched directly on the photographs. 1In practice, the boundaries of the

i
H
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o €rcomnecting these points by straight lines. The edges of the working area
iare marked with India ink.

6
£._] .
.| rough mosaic.

i
I
t
! : . .
The outline of the trapezoid to also transferred to the photographs from the

It may happen that a border line intersects a complex object (a ravine, a popu-

_|lated point, etc.); im such cases the border line should be interrupted and made to

CFLIGHT STRiP 1§
e

|
|

.._r. —

¢y
|
l
|
I
|
H
L

FLIGHT STRIP 2

FLIGHT sTRip 3
———

Fig. 113 - Working Area of the Photograph

igo around the object, so that the entire object can be shown in one photograph.
Since the scales of untransformed photographs vary, the scale should be deter-

mined individually for each photograph or even for each part of a photograph.

l1: m=4d:D

|
i
!
|
N
; The scale of an aerial photograph can be determined from the equation:
]
]
]
!
|

where m denotes the numerical scale denominator, d the distance between contour

t
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If the scale is computed for the entire photograph, it should be calcul ated
ft-ice along mutually perpendicular (-pproxi-at.ely) lines passing through the central
7_§p-rt of the photograph. The contour points of the ends of these lines shouid be
; symmetrical (approxinately) with

respect to the center of the pho-

tograph (Fig. 114).

;| !

ComsERr or
\’Lﬂ‘ﬁ FisLo

!
i
t
'
!
i

Fig. 114 - Selecting Points for Comput- Fig. 115 - Proportional
ing the Scale of & Photograph Lividers

Listances on photographs can be measured in the drafting room by using an ac-
curate ruler or sliding calipers; in the field, they can be measured with beam com-
Passes. Distances on the terrain are determined from the coordinates of points,
from measurements on the plotting board if the points are graphically interconnect-

ed, or from measurements with surveying rods.

On dividing the distances measured on the photograph by distances measured on

the terrain (both distances must be expressed in the same units), the numerical
scale of the zerial photograph is obtained. Since the measurements are made twice
in two directions, we obtain t=c values, the average of which will be the mean

scale of the aerial photograph. In most cases, the scales obtained will not be

suitable for practical use (e.g., 216 m to 1 cm).

i
'
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For laying off or determining distances from aerial photographs, proportional

dividers (Fig. 115) can be used, which are easily adjusted so that one end opening

lwill correspond to the scale of the map and the other to the scale of the aerial pho-

tograph.

However, use of proportional dividers is inconvenient since two operations are

“linvolved: taking distances from a transverse scale with one end, and laying them off
_|with the other end on the photograph, necessitating constant reversal of the divid-
“lers, a procedure that slows down the work and distracts the attention. Therefore,

i
it is preferable to use specially designed interpolating scales, computed for vary-

‘:_‘ving pitch of scale change. Such scales may be conveniently arranged in the shape of
a wedge, two sides of which form the legs of a right triangle, on which distances

jand their scales are laid off.

Figure 116 shows a wedge scale with three distances laid off on it:

I - At the scale 1:20, 000 - 230 m
IT - At the scale 1:19, 000 - 300 m
III - At the scale 1:21,000 - 454 m

Such a scale can be used not only for determining and laying off distances, but
plso for determining the scale of an aerial photograph. The scale should be made of

cardboard, celluleid, aluminum, or other material of low deformation and long serv-

3
fice life.

WYork on aerial mosaics does not differ greatly from work on aerial photographs,

rit.h the basic difference consisting in the fact that the aerial mosaic represents

pn assembly of aerial photographs. In working with aerial mosaics, measuring radi-
Lls across cuts of the mosaic should be avoided. If the mosaic is laid separately

gfor each flight strip, the working areas determined from the zones of end overlap

! 'Lre marked cff, as is done in the case of aerial photographs.

When working with an aerial mosaic, it should be mounted on a plotting board;
[for work with aerial photographs, it is preferable to use a small plotting board or,

iif a large board must be used, to substitute a light plywood board of smaller dimen-

206
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sions for the regular board.
_Field assembly of photomsaps,aerial photographs, and aerial mosaics is dcne in

four colors: contours, in black; relief, in red or brown; water-filled ditches, in

green; and swamps or marshes, in blue. Particular attention should be paid to making

Fig. 116 - Wedge Scale

~ithe contours and relief sharp and clear. Rules and methods for field assembly are
“igiven in instruction booklets.

After completion of the work, the following data are submitted: for surveying

" 'with a photomap - the photomap, field notebocks, data on boundaries, elevation trac-
.:]fings, and technical notes; for surveying with aerial photographs - aerial photo-

“tgraphs, field notebooks, diagrams of working areas sketched, and technical notes.

68. Revising Obsolete Maps

Working methods and mcasurement technigues in revising obsolete maps are basi-
;cally the same as for making a survey. Organization of the work may be different,
- depending on the number of ccrrections and the nature of the terrain. Revision of
» obsolete maps involves corrections for contours and relief. Since the relief of an
area changes very little in time, compared with the contours, revision and correc-
“{tion of obsolete maps primarily concerns the contours. Correction of relief may be

-—+dome incidentally, particularly in cases where it was incomplete or incorrect in the

-{previous survey.
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Revision of old maps by the aerophotosurveying consists basically of the follow-
’ ling processes: the aerophotosurvey itself, collection of cartographic data and in-
]
. iformation on changes, interpretation and comparison of the aerial photographs with

i
__Ithe map, transfer of the changes from the aerial photographic meterials to the map,

and compilation of the map.

Aerophotosurveying. For revision of obsolete maps, the survey is carried out
“__;in the same way and with the same overlap of the photographs as for ordinary aerial
“isurveying. The scale of the photographic survey is established to correspond with
:the scale of the map being revised. In selecting the scale, it should be remembered
"ithnt an aerophotosurveying scale close to 1:25,000 is most convenient for interpre-
:tar.ion. If the scale is further reduced, some details willi no longer show up on the
photographs. When aerial geodetic enterprises revise a topographic map of scale
“11:'50, 000, they generally use an aerophotosurveying scale close to 1:25,000.

Collection of Cartographic Data and Information on Changes. The most conven-

bent procedure is chosen on the basis of the available information and cartographic

materials. Therefore, when the map of a given region is to be revised, all available
cartographic-geodetic material is collected, carefully studied, and evaluated. FEval-
hation consists in comparing old coordinates, elevations, and topographic plans with

hew ones. As a ruie, selective comparison will help in reaching conclusions as to

the best method of using old cartographic-geodetic data when revising the mep of a
given region.

Information needed for revising maps may be found in both central and regional

‘:‘ knstitutions. These offices, should have exhaustive information on populated cen-
,‘(“ _l:ers, their names, industrial enterprises, farms, roads and their conditions, etc.
“ ‘Icouparison of this information with the map and aerial photographs will establish
"t khe accuracy of the information.

Interpreting and Comparing Aerial Photographs with a Map . In interpreting

|

!

lherial photographs and comparing them with a map, a stereoscope is used. In revis-
i

1
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ing, brown or black copies of the original map, on which the points requiring revi-
'sion are marked, are usually preferred. From the comparison, a plan for studying
ét-he map is laid out, i.e., the points to be interpreted in the drafting room and the

' _!points requiring field interpretation are noted. When using data from aerophotosur-

;veying to revise a map, field work should be kept to a minimum.

Important changes or new features (populated points, railroads, highways, in-
:duat.rial enterprises, and farms) should be studied in the field, while changes in
ismall or unimportant objects (small settlements not located on raiiways or highways,

-‘v:dirt roads, field roads, forest contours, etc.) cam be plotted in the drafting room,

" “iwithout field study.
Transferring Changes from Aerial Photographic Material to the Map . In trans-

20

i
i
i
{fetring changes from the aerophotosurveying material to the map, the following pro-

2.
. _'icednres may be required: 1) transfer of the changes from the photomap and 2) trans-

271
ifer of the changes from the aerial photograph to the map.

7 1. In regions where all of the interpretation is done in the field, photomaps
;hay be used and corrections made from them. In making the photomap, positively
;lident:ified contours from the old map can be used as control points. Photomaps are
jbrapared for the entire trapezoid of the original to be corrected, or for part of
‘;it.. In the latter case, the part of the photomap is mounted on the corresponding
Fart of the original. Contours are drawn on the photomap from the interpreted aeri-
al photographs, while the horizontals are transferred from the original.

] If necessary, the relief can be corrected directly from the photomap in the
g‘field, or plotted in the drafting room from aerial photographs, using a stereoscope

br a topographic stereometer. The elevation points needed for sketching the relief

lcan be taken from the old map.

e

2. Transfer of changes from aerial photographs to the map may be effected in one

a) by using proportional dividers, or compasses in combination with a wedge

!
|
o
Ff the following ways:
!
!

scale;
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b) by graphic-mechanical means, using a pantograph;
c) by optico-mechanical means, using a transforming printer, projector, or
: multiplex.
: Either one of these methods may be used, depending on individual conditions.
" |If the work is done in the field, transferring must be done with an ordinary compass
“jor with a proportional dividers. In the drafting room, this can be done by one of
|the means indicated under b) or ¢).
When using the transforming printer, it is convenient to print the transformed
:negntive on special transparent film with a dull backing. If this film is superim-
"lposed on the original, the impression will be that of a photographic image on the
"|film as well 25 an image of contours and relief on the original. By matching the
“|transformed aerial photograph with the general contours of the mep, the changed con-
“itours can be transferred from the aerial photograph to the original by tracing or

lother means.

Finishing the Maps. After the original is revised by one means or another, a

blueprint is made and finished with the appropriate conventional symbols.
!
|
|
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CHAPTER VIII
STEREOPHOTOGRAMMETRIC RELIEF PLOTTING WITH THE STEREOSCOPE

69. Monocular and Stereoscopic Vision

All photogrammetric plans are based on the identification of coordinates of
photograph points; the accuracy of this identification determines the accuracy of
the map. The accuracy with which these coordinates are defined, in turn, depends

on the accuracy of the measurements made,

which is controlled by the conditions un-
der which the eye of the observer func-

tions.

s The human eye (Fig.117) has the
shape of a nearly perfect sphere with a
5 radius of about 12 mm; its outer surface
consists of three coats. The outermost

Fig.117 - Arrangement of the coat of the eye is the sclera 1 whose

Eyeball . - - -
anterior portion is transparent and is

opaque iris 4. The front of the iris has a central perforation 5 which is able to
change its diameter and is called the pupil of the eye. It serves as a diaphragm,
controlling the amount of light that enters the eye. The third internal coat is the
retina 6 which is composed of numerous photosensitive elements (rods and cones) of

| a diameter of 3-6 #, which transmit a stimulus through the nervous system to the

|
|
i
i
|
|
|
|
!
f
jcnlled the cornea 2. Underneath the sclera is the choroid 3 which terminates in the
}
|
|
|
|
]
|
!
|
i
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brain of the observer®. The spot 7 where the optic nerve enters the retina is call-
" ed the blind spot, since it has no rods or cones and thus cannot react to an optical
stimulus. In the center of the retina, facing the pupil, there is the mecula lu-
tea 8, about 2 mm in diameter, which is more sensitive to light than the rest oif
i the retina. The center of the yellow spot is concave (0.4 mm diameter) and comsists
. of a few cones. In the front center of the eye, beyond the pupil, is the crystal-
: line lens 9 which has the form of a double-convex lens. The space between the lens
and the cornea is filled by the aqueous humor, while the space between the lens and
the retina is filled by the vitreous humor. The index of refraction of both humors
: is about the same.
: Thus the eye can be considered an optical system which, by means of the crys-
talline lens, throws a real inverted image of an object on the surface of the reti-

na. Since different objects lie at variable distances from the eye, the crystal-

of the ocular muscle. This property of the eye is called accommodation. However,

i
]
|
!
!
}line lens, to obtain a sharp image on the retina, changes its curvature with the aid
{
1
i
1

if the diaweter of the circle of diffusion does not exceed the diameter of the pho-
|

'tosensitive element of the retina (3-6 u), then the eye does not change its accom-

i
t

| modation. Therefore, under normal illunination, when the pupil diameter is equal
:!to 4-5 mm, and the focal length of the eye is 15 mm, optical infinity of the eye
sbegins at 10-12 m; and increasing this distance does not change the accommodation.

| If the distance betseen the eye and an object increases then the image thrown on the
iretina will decrease in size; however to compensate for this, the accommodation

H

remains near normal, corresponding to infinite distance.

|
i
1 Using these facts as basis, the optimum distance of vision is taken as 250 am,
!at which distance the image on the retina is rather sharp, while accommodation is
A:perfotmed without particular effort. At distances of less than 250 sm from the eye,
i

* M4 = micron: a unit of length equal to 0.001 men.
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4

the curvature of the crystalline lens has to undergo abrupt changes, thus inducing

| extreme eye fatigwe. Both monocular (with one eye) and binocular (with two eyes)

i
i

i
|
i

R

|

observation is used in mzking photogrammetric measurements. Monocular observation
allows approximate Judgement as to the spetial position of objects, but as a rule is
used only to estimate their plane position. The accuracy of monocular observation
depends to a considerable extent on the resolving power of the eye, i.e., on the
smallest angle at which the eye of the observer is still able to perceive two points
separately. The resclving power of the eye depends on the size of the photosensi -

tive element, on the type of objects being observed, and on the conditions of obser-

} vation. Its average value is taken as 40". Poor illumination of the observed ob-

‘| ject, eye fatigue, color of the object, and other factors may markedly reduce the

resolving power of the eye and thereby lower the accuracy of measurement.
Binocular and, in particular, stereoscopic observation is used much more ex-
tensively. This means binocular observation which allows perception, with suffi-
cient accuracy, of the depth of the observed objects. In stereoscopic observation,
the visual axes of both eyes (the lines joining the center of the crystalline leas
with the central depression of the macula lutea) intersect at the observed point.
The angle of intersection > of these axes (Fig.1186}. subtended by the eye base b

(the distance between the centers of the observer's eyes) at the observed object,

is termed the angle of convergence or angular parallax. A change in distance be-
tween the observer and the object results in a change in angular perallax, and like-

wise in the accommodation of the eye, so that, as indicated above, these two quanti-

ties are to a certain extent interrelated.
The relationship between the angular parallax and the distance is determined by
solving the right triangles S;AA and S,AA |, from which it follows that
S;A S,A
1% 2%
tan y' = ; -— S,A
oy AA AA 1

* SiA, = 51S; = b, ¥ 4y =y
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I

Since the angles 7' and ¥" are small, we may put tan y' + tan ¥" x tan ¥, so

that

b b
tan y = vy = 7 (28)

;'here Z denotes the distance or, in other words, the length of the perpendicular

BT I S A

h
'
]

i

g

i
b 4,

Fig.118 - Angular Parallax Fig.119 - Enlargement of the
Eye Base by Using a
Stereoscope

;dropped from the observed point to the vertical plane containing the eye base. The

;change A7 leads to the change Ay, defined by the expression
|

b _ tan Y + tan Ay
Z + AZ 1 - tan ¥ tan &y

tan (y + Ay) =

i
!
|
! Whence:
b

- o
Z*AZ=b b tan ¥ tan 7orZ=
tan Y + tan Ay

]
i
i
;
|

i Therefore,

Az - b - b tan ¥ tan Ay b tan &y (1 + tan?y)
tan Y + tan Ay " tan 7 (tan Y + tan &y)

!
{
!
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At small angular parallax and minor changes in these angles, the term unz'y in
* the denominator may be neglected, as well as the term tan 4y in the numerator. If

we also note that tan ¥ = b:Z, we may write

z2
AZ x - - tem by (29)

A change in angular parallax is perceived by the observer with an accuracy that
assures a reliable determination of a change in distance. The smallest change in
K angular parallax that can be perceived by an obser.ver is termed the resolving power
of stereoscopic vision and is on the average taken to be 20".

The resolving power of stereoscopic vision is affected by the brightness of
objects, their form and dimension=, the contrast between objects, and by eye fatigue
so that the conditions of observation greatly affect the accuracy of determination
of distance differences. To increase the accuracy of depth perception of objects,
auxiliary optical systems are used. In this case, the accuracy of perception in-
creases with enlargement of the eye base, and with the use of an observation system
with an angular magnification greater than unity. Thus, e.g., the use of a binocu-
:lar with 6 * magnification results in an increase in the resolving power of stereo-
;!scopic vision to 3 - 4" and, consequently, to reduce the error in determination of
the distance difference. The eye base is lengthened, for example, by using a ste-
reoscope (Fig.119), consisting of four mirrors arranged in two parallel pairs. The
observation of objects througk such a stereoscope increases the angular parallax
and, consequently, the accuracy of determination of the distance difference.

In practice, the visual observation of objects by instruments is used in ste-
reoscopic range finders, in which the eye base of the observer is lengthed and a
special magnifying viewer is provided. Observations with a stereoscopic range find-

er allow highly accurate distance determination for objects located in enemy terri-

tory.
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70. Stereocscopic Observations of Perspective Ima magzes

Stereoscopic vision produces a polyconic projection of the observed object on

i the retina, and creates a three-dimensional image of it. If, therefore, precisely

the same images are produced on both retinas, the observer will see the object in

i

i space. This effect can be produced if perspective images of the object are placed

before the observer's eyes in such a way that each eye has its own corresponding

V perapectxve image. In aerial photography, the aerial photographs actually are such

; images if the left aerial prhotograph is placed before the left eye of the observer

';and the right image before the right eye. 1In that case, the area of terrain photo-

}grapbed on two adjacent photographs will be perceived stereoscopically by the ob-
gserver, i.e., the observer will see the spatial arrangement of the given area.
;Acl:ually, if the left eye of the observer views the left photograph, containing the
f].—ges ajc; of any points of the terrain A, C (Fig.120), while the retina of the
!rlght. eye receives the image of the corresponding points ascg of the right aerial
fphotograph then the observer will see the points A and C in space just as though
t.hey were before him in reality, i.e., point A will appear farther away from the
observer than point C. Such a perception of an object is termed the direct stereo-

scoplc effect.

S,

Fig.120 - Direct Stereoscopic Fig.121 - Reverse Stereoscopic
Effect Effect

i
5
i
!
]
|
i
!
]r
l
l
!
i
i
!
!

If, however, the photographs are interchanged (Fig.121), i.e., the right-hand

216
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photograph is viewed by the left eye and the left-hand photograph, by the right eye,
then the observer will see a three-dimensional Picture that is the reverse of the
' Preceding, i.e., point C will appear farther away from the observer than point A;

. { this case of observation is termed the reverse stereoscopic effect. It is not hard
Ii to see that, in the direct stereoscopic effect, the overlapping parts of contact
‘ Prints will be arranged side by side while, in the reverse Stereoscopic effect, they
{

- } will be arranged outside the photographs, which sides are not in contact with each
other.
{

If the aerial pPhotographs are rotated through 90° in their own plane, then,

! while observing any corresponding points of two photographs, the visual axes of the
H

ieyes will be parallel to each other, so that the observed object will appear 2t an

'lfinfinite distance, in which case all points of the object will seem to be located
iiin a single plane. This is commonly interpreted to mean that the observation takes
fplace under a null stereoscopic effect. ()biaining a reverse or null stereoscopic
';effect is possible only through use of perspective images, since the stereoscopic

leffect is always direct when real objects are observed with the naked eye.

Perception of the spatial position of photographed objects with the naked eye

Bt i =

J
|
E
I
|
|
i
|
j
{

Construction of the Stereoscopic Model

- y——ine & 0

¥

1s made difficult by the fact that each eye is able to observe only a single photo-

|
|
|
]
[
!
;graph intended for this eye. Such perception is considerably facilitated by the use
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: of stereoscopes consisting of four mirrors arranged in parallel groups of two. By
T placing aerial photographs (or any other Perspective images) under the external cir-

i cles of the instrument and directing the visual axis of the eyes to the internal

| mirrors, the observer readily obtains a three-dimensional representation of the pho-

i tographed objects, since the left eye cannot view the right-hand photograph in the

stereoscope, nor can the right eye view the left-hand photograph. Construction of a

three -dimensional image in the sterecscope is shown in Fig.122.

Current models of widely used stereoscopes are: the folding type (LZ), “'Tsik-

v lop’, D-5. and the Bashtan.

Fig.123 - The Folding Stereoscope

The portable stereoscope LZ (Fig.123) consists of four mirrors 1, 1', 2,

and 2', between which the lenses 3 and 3' are placed, allowing aerial photographs
to be used with a double magnification. The mirrors and lenses are mounted to the
holder 4, which is attached to the four-leg stand 5, by which the stereoscope is
set up on a table, above aerial photographs. 1In packing, the legs of the instru-
ments are folded toward the holder, which keeps the dimensicns of the packing box
small. Since the eye bases of different observers are not uniform, varying in
leagih within a range of 58 'to 72 =m, the inner mirrors of the stereoscope may be

moved toward the outside. Despite the magnification produced by che lenses, it is
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expedient in wany cases to remove them from the instrument to avoid additional er-

rors in the stereoscopic observation, owing to the lens errors (distortion). Then,
. the observation will have to be conducted without magnification.
x The “Tsiklop' stereoscope designed by F.V.Drobyshev (Fig.124) consists of a
' single pair of mirrors arranged in front of one eye of the observer, which feature
; has given the instrument its name. There is no optical system in front of the other
’ ) ieye of the observer, and he views the second photograph directly. Both mirrors of
‘ » the stereoscope are mounted in a single
mounting 1, connected by the stand 2 with
the base 3. During manufacture of the
mounting, a fixed angle of 15° js set be-

tween the mirrors, in contrast to other ste-

reoscopes, in which these mirrors are always

parallel. Due to this angle, a vertical

|

| ) : ) . ray is viewed after reflection from the

% outer mirror, at a vertical angle of 30°, so
f that the holder for the photograph, placed

; on the base 3, deviates from the perpendic-
; _ - ular to this ray and will be inclined by an
E Flgl ilop Ster-r ‘ angle of 30°. This arrangement permits

i! scope separating the prints from each other.

z For packing, the mounting of the mirrors is removed frow the stand, which in
: turn is removed from the base; the packing box required for the stereoscope is
:;{t.lxerefore small, which allows it to be housed in the field tent and used in field
gvork for the selection of control points or for sketching the relief.

: The stereoscope D-5 designed by F.V.Drobyshev (Fig.125) is also of the four-
; mirror type, which has retractable lenses. The lenses have a magnification of 2 x

{ but a field of view of only 60 mm. When the lenses are retracted, the field of

Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R000900010007-0



4 .

>

itized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R000900010007-0

view covers the entire stereo pair but without magnification.

The stereoscope consists of a holder to which all the four mirrors and the

’ ';‘lenaes are mounted. The holder is attached to the bese with a swivel bracket. The

‘

T g o O e T 2 S 1 A Y e o

'
i
-
i
ot
i

|

Fig.12§5 - Stereoscope D-5§

i
i
!
!
i
o
|
l
]
i
l

iholder, the bracket and the base are dismountable, so that the size of the carrying
|

icase becomes small. This makes the stereoscope adaptable for field use. The holder

‘

jis easily adjusted and locked on the bracket, and the interior mirrors can be ad-
i
ijusted to the interpupillary distance.

[! The Bashtan stereoscope (Fig.126) is intended for stereoscopic viewing of two
|
|

!of a photomap. The instrument consists of the base 1, the carrier 2, and the outer

|

lmirror 3, which forms an an angle of 45° with the plane of the carrier. The stand 4

Pictures of different scales, e.g., an aerial photograph and the corresponding area

jwith the inner mirror 5, two ocular apertures 6, and the lens 7 are connected with
1

ithe track 8, along which, when the screw is turned, the carrier 2 with the photo-

|

.~ |graph is moved. This displacement is parallel to the eye base of the observer, the
i

,» idirection of which is determined by the ocular aperture 6. In operation, the ob-

iserver views the photomap with one eye through the lens 7, and the photograph on the
1

fcarrier 2 with the other eye through the two mirrors. The retio of the lengthe of
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Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R000900010007-0

£ gt ekt e e b A e e g O 1 88 R g e i A




Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R000900010007-0

I SRR

the viewing rays should correspond to the ratio of the scales of the contact print
to the photomap, i.e., the distance to the photograph must be as many times greater
than the distance to the photomap as the scale of the contact print is larger than

the scale of the photomap.

Fig.126 - The Bashtan Stereoscope

To obtain equality of similar relations, the contact print, together with the
mirror 3, is moved with respect to the stand 4. However, the difference in accom-
modation of the eyes of the observer in this case will not allow both Pictures to
be seen with sufficient distinctness if the distance to the photograph and the
distance to the photomap differ by over 30% of this distance. To eliminate this
difference in accommodation, the lens 7 is provided, which f.orms an image of the
photomap at a distance equal to the distance to the contact print. Any shift in
the carrier 2 along the track must thus be accompanied by a displacement of the
lens with the aid of the screw 9. 1In addition to the lens 7, a lens 10, placed
between the two mirrors, is provided to compensate the difference in accommodation.

In working with the Bashtan stereoscope, the observer simultaneously views
the contact print and the corresponding area of the photomep. This area may be

obtained from assembly of a preceding or subsequent photograph, or an adjacent
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oved for Release 2010/09/15 : C DP81-01043R000900010007-0




Sanitized Copy Approved for Release 2010/09/15 : CIA-RDP81-01043R000900010007-0

photograph from ancther flight strip. The stereoscopic perception in various parts
will, therefore, differ. The part constituting a subsequent photograph may give a
idix'ect, stereoscopic effect; that of a preceding exposure, a reverse stereoscopic
jeffect; an adjacent photograph from another flight strip, a null stereoscopic effect;
"hlle the part consisting of the same photograph will give no stereoscopic effect at
;all. However, this difference in stereo pPerception does not interfere with using
‘ the Bashtan Stereoscope for stereoscopic transfer of a sketched relief from the pho-
t.ograph to the photomep.

Stereospectacles are used to some extent for the stereoscopic study of aerial
'phohographs These consist of two pairs of mirrors or prisms in a mounting. In
7 il.lse the photographs are Placed on a table and viewed by the observer through these
"atereoscopxc spectacles. A disadvantage of such an instrument is that it requires
‘the head of the observer to remain motionless, since even the slightest turns of the
:head will change or cancel the stereoscopic effect.
i

'71 Sketching of Relief on Stereoscopes, Based on Bench Marks

|
‘

i The stereoscopes described in the preceding Section allow the relief to be

[sketched from aerijal photographs of bench marks. For this purpose any stereoscope

lcan be used, which is removed from the packing box and placed on the table. The

i

lmat.erxal for sketching the relief will Le contact prints if the photographed terrain
This

;13 hilly or mountainous, or a mosaic and contact prints for level terrain.

Zcondition is necessary since, on level terrain, a small area photographed on a sin-

}gle aerial photograph does not provide an opportunity for correctly detecting and

]

}representlng the character of the relief, and random, partial fluctuations of the

grellef may lead to untrue concepts. Conversely, in wountainous or hilly terrain,
i

ithe relief is sufficiently distinct,but a mosaic prepared from contact prints would
|

ibe very inaccurate.

Within the limits of each contact print the elevations of a number of bench
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warks must be known. The number and disposition of these bench marks determines the

acale of the map to be prepared and the character of the relief. These points are

selected on characteristic sites: summits, tops of a alopé, terraces, drainage sys-
tems of rivers, channels cut by water, saddles, divides, foots of mountains, crests
! of ravines, etc., and their elevations are determined by field geodetic operations
o or by photogrammetric densification of a field vertical control net. The bench
.-rh are selected on the basis of a preliminary stereoscopic study of the aerial
iphotographs of each region, with the participation of a geographer, who determines

i the patterns of relief formation and the conditione under which it may be correctly

! represented by contour lines.

In working with contact prints of mountainous or hilly regions, these are
fplaced under the stereoscops in such a way that the lines joining the principal
| points of both photographs are approximately parallel to the eye base of the observ-
‘er, and that the distance between the photographs is such that optimum three-
dimensional perception is obtained. After arranging the photographs under the ste-

!reoscope so that their overlapping parts are in contact with each other, they are

|
! moved apart until stereoscopic perception is obtained. A more careful orientation

is mede on the base of the visual stereoscopic model of the locality and of the
existing bench marks. Thus, the presence of water bodies, rivers, swamps, etc. can

To

i
|

|

'lbe of substantial assistance. Such water bodies should be arranged on the stereo-
’]scopic model according to their known patterns of arrangement on the ground.

{obtain correct correspondence between the model being viewed and the actual land-
scape, one of the aerial photographs is rotated in its plane.

After such orientation, the photographs are fastened by disks to the table, on

Here the existing bench marks and visible stereoscopic relief of the terrain

In studying the relief of the terrain under the stereo-

!

!

!

1

i

Eone of which (usually the right one) the contour lines are drawn.
|

1

are the guiding factors.

{ scope, it is necessary to pay attention to the fact that the visible relief almost
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always appears more prominent than it is in reality. This exaggeration is directly
proportional to the ratio between the distance from the observer's eye to the photo-
. graph, and to the focal distance of the camera. When an aerial camera with a focal
‘ length of 70 mm is used, at a distance of 250 mm from the eye to the photograph in
i the sterecoscope (distance of optimum vision), the relief seen in the stereoscope is
3.5 times as great on the ground. Mountain peaks will thus appear to tower more
| over the surrounding territory, and ravines to be more sharply incised. Such an
. exaggeration of relief allows minor variations in it to be more rapidly and easily
detected, and the observer quickly becomes accustomed to this lack of correspond-
" ence with the actual scene.
As already pointed out, the relief is sketched on the basis of a grid of bench
marks. In viewing the stereoscopically placed photographs, the observer, by visual

|
i
{
! rks, determines the position of the contour lines
i

!of the section selected, using the available geographic description of the area and
ixthe conditions of relief formation as guide. The standards established during the
surveylng of each region are of great significance in sketching the relief, since
:they give the basic type of relief and the methods of depicting it by contour lines.
' The relief is sketched with a soft pencil on a contact positive print, and it
;15 only after the relief has been mapped over the whole area of the photograph that

;the contour lines are inked in and the principal contours marked. Cn a steep slope,
;not, all of the contour lines need Le sketched on the photographs, in view of the
,’smll distance between them, but it is advisable to avoid such cases. Only indi-
"vidual elements (cliff, boulders) are indicated by conventional symbols, but all the

remaining forms of relief are expressed by contour lines.

| the contact print is placed under the left eye of the observer, while the portion

of the mosaic corresponding to it is placed under the right eye. 1In sketching the

{

I

!

|‘ The relief of level regions is sketched on uncontrolled mosaics. In this case,
I

{

i

|

|

| relief, the entire mosaic, covering the area of a trapezoid of the given scale, is
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stereoscopically viewed. For this purpose, all contact prints composing the mosaic
;are successively placed under the stereoscope. The contact print and the mosaic are
:oriented, after which the observer sketches the outline of the relief on the mosaic.
"l'his skeleton relief is tied in with the bench marks and with the hydrographic grid
a ;[-nd outlines the principal divides, valleys, and drainage systems of rivers. Only
:after the skeleton relief has been traced on all areas of the mosaic is it possible
ito proceed to its more detailed delineation, since otherwise the principal forms of

i
ithe relief may be incorrectly mapped as a result of mimor changes withis the limits

'Iof a single photograph. In level terrain, the work should be started by drawing the

contour lines delineating the drainage system, which must first be entered in blue

jink on the mosaic.
i

- Measuring Elevations from t‘nw

Frequently, the given number of geodetic points of elevation is insufficient for

correct interpretation of the relief of a
photographed area, specifically in cases in

which it is difficult to establish eleva-

tien points by geodetic means. This neces-
sitates determination of the elevation of
points by photogrammetric means based on
measuring the horizontal parallax of the
photographed points.
Let the camera axis, at the time of
o Fig.127 - Variation in Hori- photographing a pair of overlapping photo-
zontal Parallaxes graphs, be pointed in a vertical positioa,

and let both centers of projection lie in one horizontal plane. Point A (Fig.127),

which has an elevation of h relative to the horizontal piane, passes through the

int C and is located at points a; and ag on the aerial photograph. The image of

poun C on the prints will be cy and cy. If, as the origin of coordinates on the
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photograph the principal point is taken and if the axis lying on a vertical plane is
denot.ed by xx, representing the eye-base axis, then the abscissas of points a,, ag,
' °1' and c5 will be Xay» Xa ayr Xepo and "cz‘ Continuing the projection of the rays
I SzA and S;A until they intersect the horizontal plane at roints A; and Ay will

A e e

yield:

I
|
!
y
i
i
i

.| where the distance S)S, between the centers of projection of the prints is called

0141 - O3A; - 0,C + 0,C = A)A, (30)

the photographic base since all projected rays intersect the ends of this radial.
The angle that the projected ray forms with the horizontal plane at the surface is
-j called the angle of parallax. The deviation of the abscissas of identical points

1 on two photographs is known as the horizontal parallax and is denoted by p. From

the above:

(31)

Py = X

*:

1 £
If both sides of eq.(30) are multiplied by the factor Tk , or brought to the

i scale of the print, then:

i

CA £, ) i  OpA,f,
H ' H

o,cf, o,cf,

[
]
|
!
!
]
1
|
I
I
|
re —_— x
[ H = H
i
i
!
¢
|
H
|
i
3
i

’

[N or
47 £,
- (xel - xc’) = (AA,) arli

K3 ®2
!'here Ap is the horizontal parallax difference of two points.

i At the same time, the solution of the similar triangles S5,S.5A and AjAA, yields:
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(34)

i
!

" | Consequently, the hor:.zontal parallax difference of two points depeads on the height

1of one of these points above the horizontal plane which contains the second point,
;and is determined by the variance in the difference of values of the abscissas of
identical points on two prints.

If point A on the surface is located in the same plane as point C then, if
h = G, the horizental parallax difference Ap will also be zero. Due to this and on

the strength of eq. (32), the variance in the abscissas (horizomtal parallax) of

identical points on two photographs wiil be equal. Hence,

3
/
|
!
i
i
i
l
!
l
l

Since the initial point C was located in the initial plane, it follows from

[
{
|
!
]
f

Flg 127 that

0,C - 0,C = B
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i.e., the horizontal parallax of the point located in the initial plane, will equal
the photographic base within the boundaries of the photograph.
On the basis of eq.(33), it is easy to develop

H Ap
h T Ay 7 (36)

‘| Therefore, if the abscissas of identical points are measured on the prints and the

"y value of the horizontal parallax difference is calculated, then it ia poasible to

calculate the actual elevations of the corresponding points on the map.

-1 73. Determination of the Elevation of Poipts

As pointed out previously, the photogrammetric determination of the elevation

1of points consists in measuring the absolute parallax differences on the photograph

and in calculating the elevations from them. The steroscope is equipped with addi-
tional measuring devices for measuring the
absolute-parallax differences. When such
devices are used, the instruments are known
as measuring or topographic stereoscopes.
The measuring element of such stereoscopes
consists of marks of various types, which
are displaced with respect to the aerial
prhotograph for determining the absolute-
parallax difference.

1f, when viewing two aerial photographs

Fig.128 - Measurement of Eleva- in the stereoscope, a given mark in form of

ti ith the Aid of . . @
rons ‘_" € Ard o a dot, line, cross, etc. is placed on each of
Wandering Marks

them, the two marks, when viewed with both

eyes, will appear to be merged into one spatial mark, located arbitrarily with re-

spect to the stereoscopic model of the terrain. Now let (Fig.128) the left-hand
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mark m; coincide with the point a) of the left-hand photograph, and the right-hand

‘mark my with the point ag of the right-hand photograph. The observer will then see
V:the wandering mark M as coinciding with the point A of the model. A simultaneous
‘displacement of both marks in any direction (e.g.. by the value mim; = mim,) will
) iallow amtching tke wandering mark with the point C', located at the same distance
”§fron the observer as the point A. The displacement of only a single mark in a direc-
tion parallel to the visual space of the observer, however, will lead to an apparent
-,v.“,,displacegeat of the wandering mark in depth.

- Now, if the left-hand mwark is left in the position m] while the right-hand mark

lis moved from the position m} to the position -5. then the floating mark m' will be
4farther away from the observer tham it previously appeared to be. Thus, a simultan-

jeous displacement of both marks or the separate displacement of one wark makes it

--possible to superimpose the floating mark on any point of the model being viewed.

Such a solution of the problem involves a displacement of the marks with respect

‘to fixed photographs, but the result will be the same if the aerial photographs are

-

Foved and the marks remain fixed. In this case (Fig.129), the wandering marks will

.

e .§3,’.‘v’"’?‘fg,‘ s

;hlvays appear to be at a constant distance and in a single place, while the model of
]

s

Fig.129 - Displacement of a Wandering Mark

he terrain is displaced in all directions with respect to the mark. Ordinarily, in

opographic stereoscopes, some of these displacements are made with the marks and
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some with the aerial photographs.

The marks employed in topographic stereoscopes are classified as point, line,

and aree marks (Fig.130). With point marks, the wandering mark appears in the form
of a dot (point, intersection of short limes, end of a short line, etc.) which is

successively displaced from various points of the model. Each mark wust, therefore,
Le susceptible to displacement from any point of the overlapping parts of aerial

photographs .

L]

Fig.130 - Forms of Marks

To accomplish this, both marks (or both aerial photographs) are displaced to-

- gether along two mutually perpendicular axes, one of which is parallel to the eye

‘base of the observer. In addition, one of the marks {(or one of the aerial photo-

t
| graphs) has an independent displacement

If the marks consist of lines perpendicular to the eye

with respect to the other along an axis

|
(parallel to the eye base.

lba.se of the observer and if the entire aerial photograph is perceived, the necessary

i
;motions will be confined to the displacement of both marks Jointly along an axis
i

i parallel to the eye base, and to the separate displacement of one of them along that

same axis. Finally, with plane marks, when the entire overlap area of both photo-

graphs is filled with numerous warks that form a plane, a simultaneous displacement

and only the separate motion of. one of them -

of both marks is no longer required,

faloné the line of the eye base is necessary. It is true that in this case it is

230
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very tine-consl-ing to fill the entire area with points, and that the Joint dis-

Placements of both marks still takes place, although within Very narrow ranges.

The marks may be produced wechanically or optically. In the former case, they

consist of thin metal or textile filaments or hairs, stretched over the aerial pho-

tographs, or of glass plates engraved with the marks, and pPlaced over the photo-

graphs. 1In the latter case, the marks are located outside the aerial photographs,

‘but are Projected onto the plane of the photographs by an optical system.
method is more convenient and does nog require a special optical syatem, but it is

less advantageons from the operationmal point of view since it prevents free work of

‘the observer on the photographs.
Thus, whether he has one kind of marks or another, arranged in the field of

ivision of the viewing system, the observer mAay superimposze the wandering mark on any
i

.fdesired point of the model and read off the displacement on the corresponding scales.

;The relationship between the lipear displacement of one mark and the apparent dig-

;placenent in depth of the wandering mark is readily established from Fig.128.

Let the left mark coincide with the point a) of the left photograph and the

;right mark with the point ag of the right photograph. Then, the floating mark will

':appear to coincide with the point A of the model. If both marks are displaced by

_ft.he same quantity ajc) = aycy, then the wandering mark is shifted to the Position C',

iloenced at the same distance from the observer tis the point A. 1Ip order to displace
|

'ithe space mark from the point C of the model, the right mark must be displaced, in-

;‘dependently of the leftc mark, by the quantity cécz. Cn the basis of Fig.128, we may
4

lwrite:

007-0
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A comparison of eqs.(37) and (32) indicates that the independent displacement,
by cécz, of the right-hand mark is the absolut,er-parnllax difference, which can be
determined in this way. Consequently, to determine the X-parallax difference be-
tween the points A and C, the wandering mark must be successively displaced from the
points A and C of the model, and the value of the independent displacement of the
right (or the left) mark must then be measured. The difference of elevation between
these points can then be calculated from eq.(33).

The variations in parallax difference obtained by this method must be measured
very accurately as indicated by eq.(32). Assume that photographs, 180 x 180 mm, in
‘size, with a 60% end lap were obtained in aerial surveying. Then the photographic
,:b-se at the scale of the photograph, (distance between Principal points) will be
“72 mm. The flight altitude was 3600 m, and is used as the initial altitude, while
fthe relative elevation to be measured was lm. In this case, the horizontal-parallax

idifference will be

72 mm X 1 m

m———— = 0.02 mm
3600 m - 1 m

Therefore, in measuring the parallax of up to 1 m, this must be done with an accu-
fracy of 0.02 mm. This indicates the importance of accuracy in measuring parallax.
It also is necessary to measure accurately the abscissas of identical points with
i

lspecial measuring instruments. This is particulerly true when the points are lo-

icated on contours that are not too clear.
* ot

Despite the convenience in using topographic stereoscopes to determine relative
-;gelevation from prints, the method has not received wider use in the USSR. The
}teason for this is the fact that the horizontal-parallax difference, measured on the

]Photograph, depends not only on the elevation difference of the points but also on

#the elements of interior orientation of the phot.ogrnpﬁs. thus making a calculation

sof the elevatign difference from eq.(36) possible only for cases of ideal photo-
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graphs, when the optical axis of both prints are strictly vertical and the projection
centers are located in the same horizontal plane. 1In all other cases, the correc-
tions for the difference between the actual conditions of exposure and the assigned
‘conditions must be applied to the measured horizontal-parallax differences. The
corrections for horizontal parallax are correlated with the elements of exterior

orientation and also with the current coordinates of the control points.

:74. Elements of Exterior Qrientation

The elements of exterior orientation of prints determine their position with
Teapeci to a given system of space coordinates and are characterized by six quanti-
ties. The system of space coordinates is
usually described by the vertical planes
(Fig.131) XZ and YZ and a horizontal plane
XY. The outlines of these planes are the
directions of the axes of the system of
space coordinates. The first three elements
of exterior orientation represent the linear
coordinates of the center of projection and
are denoted by XS, YS’ ZS' The position of

the optical axis of the camera is defined by

the angles a, and w. The angle a  is the
Elements of Exterior Projection of the angle of tilt a of the
Orientation optical axis to the coordinate plane XZ,
'whlle the angle @ represents the angle formed by the optical axis with its projec-
txon onto the plane XZ and is, therefore, measured in the tilted plane. Finally,
:the sixth element is the angle of rotation X of the phote

‘and is measured on the photograph between the path of the plane

‘of the photograph. Consequently, there are six elements

ieach photograph, of which three are linear and three are angular. Therefore,
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spatial position of two photographs is determined by twelve elements of exterior

orientation.

75. The Coordinates of Photograph Poi;nts

The position of any of the image points on a photograph is determined in ac-
cordance with a previously selected rectangular system of coordimates.

Since the elementary object of processing in a stereophotogrammetric survey
consists of a pair of photographs, it follows that the axes of coordinates are
selected simultaneously for two photographs. The principal point of the photograph
is ofl:enA selected os the origin of such a system of coordinates, in view of the
fact that its position can easily be obtained from the images of the coordinate

; marks. The direction of the axis of the system of coordinates is given by a line
:connecting the principal points of the two photographs, while lines perpendicular
: to the xx axis and passing through one of the principal points are taken as the
Zyy axis. In this way, each pair of photographs bhas one axis of abscissas, xx and
>two axes of ordinates, yy and y'y'.

In processing a second pair of photographs, the direction of the xx axis will
change, since it will be given by a line connecting the principal points of the
second and third photographs (instead of the first and second) so that the direc-

;t.ion of the ordinate axis yy will also change. For this reason, there may be two
;different. directions of the coordinate axes on the second photograph, depending on
;-hether it is paired with the preceding or the following photograph.

In accordance with the system of coordipates selected, the position of each

‘ point of the photograph may be expressed in a linear or an angular forn.. In the
former case (Fig.132), the wanted data are the guantities x, x', v. and y', of

which the coordinates x and y define the position of a certain point a; of the left

i
H
!
!
i
i

i photograpk with respect to its principel_points, while the coordinates x' and y',

in turn, determine the position of the corresponding point a, of the right photo-
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graph with respect to the origin of the coordinates at its own principal point.

If che position of a pPoint on the photograph is exgressed by angular coordi-

mates, then the quantity sought will be the angles B, and By (Fig.133), which are

-

]
1
s
i
[}
&
A

¥ 4
Fig.132 - Linear Coordinates of the Photograph Points

jthe projections of the angle B formed respectively by the projecting and principal
‘rays on two planes. Cne of these planes is the plane containing the projection
center and the abscissa axis of the photograph,
while the other plane is an inclined plane pro-
duced by the Projecting ray Sa, whose locus on
the plane of the photograph is perpendicular to
the abscissa axis.

By solving the right triangles Soa , and

Sa_a, the relation between the linear and angu-

r- lar coordinates of the points of the photograph

Fig.133 - Angular Coordi- is readily established, bearing in mind the fact
nat f th
._ea ° < that the distance between the projection center
Points of an Ae-
rial Photograph and the principal point of the photograph is the
focal length. Solving the triangle Soa_, formed

after projecting the point a of the photograph onto the abscissa axis, will yield

ok
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tan B, = ; f,: cos Bx (38)

Since the angle at point a, in the triangle Sa_a is a right angle, it follows that
Y
Sa

o

tan By

or, after substituting the value of Sao

(39)

tan By = fl cos B_
k

By analogy, the following equations are obtained for the second photograph :

1]
tan B = ; tan ﬁ; = :* cos B
k k

Knowing the linear coordinates of the points of the photographs, this makes it

easy to obtain their angular coordinates, and vice versa.

576. Horizontal-Parallax Difference
i

) The deviation of the elements of exterior orientation from the specified values

,of ideal exposure conditions results in a change in the value of the abscissa for

’1dent1ca1 points on the photo raphs and thus in a change in the hori zontal<paraFtax
] P {2

idlfference. Consequently, the horizontal -paral lax difference is defined by the

iequgt,xon:
J

Ap = L

|

""nlen, as a result of the change in the abscissa, we have:
!

;

A'p
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Taking into account thatg

A'p = Ap + ép;

'bere 6p as th B a »
(] change in the 10X 1zontal paral lax wh le Ax
» X
{1 Cchan, 2. Cht N
de ote the h ge n the abac 18sa, it can be Stated

Op = A'p - Ap = 2.
"1

'
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On changes in the angle of tilt ¢, of the optical axis, the relation between

the coordinates xg9 of the tilted photograph and x; of the horizontal photograph is

S

X

Fig.134 - Influence of Nifferent Influence of Longitud-

Flight Altitudes on inal Angle of Tilt on

the Abscissa the Change in Abscissa

! found by solving the triangles Soa and So'a', formed by the direction of the pro-
éjected ray Sa and the optical axis So or So'.

Then (Fig.135),

xy = fk tan (ax + Bx), x5 = fk tan ﬁ.
or

a4+ 8 e
tan x tan Py
':

1 - tan a. tan Bx

?
i
! = = £, tan ﬂx -
!

tan @ + tam @ tanzﬁ
x x x (43)

£
Tk 1 - tan a_ tan B‘

(a, < 30), the second term of the denominator will be

i
3
i
i At low angles of tilt a
{

small and can be neglected in order to simplify the solution. Then,

i
1
i

Axy x - f, tena_ - f, tan a_ tansz

i
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Knowing that )

‘ . it follows that

2
x
Ax, x - f, tan @ . f—z tan @_ (44)
k

On varying the angle w, i.e., the lateral angle of tile, the photograph is

displaced from its horizontal position (Fig.136) into a tilted position, while the

projected ray Sa maintains its

former direction. The ptq,ect:.on

of the point a onto the Yy axis
will be a, for a true vertical or

horizontal photograph, while the

Projection of the point a', again

onto the yy axis, will be a; for
a tilted photograph. In accord-

Fig.136 - Effect of the Lateral Angle ance with the notations, intro-

£ Tile the Ch in Ab- e .
° * on © ange in duced above, the lateral angle of

scissa
! tilt oSo' will be ®, and the angle
}between the direction of the projected ray and that of the principal ray of the

itileed photograph will be B, while its pProjections onto the coordinate planes a So
;and aa S will be B' and B!. The difference between the angles B' and B] and the
.angular coordinate B _and B -conaists in the fact that the angle B 15 measured in
vthe plane containing the optical axis and the radial of the Yy axis, whereas the

angle B 1s measured in the rlane containing the Projected ray and its projection

plane Sox. Similarly, the angle B, is measured in the plane Sox, while the

i -the plane containing the direction of the projected ray and its projec-

239
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'; _,..,:}.f e

tion onto the plane Soy.
The lines a’-", and aa_ will be parallel to each other since both are perpendi -
cular to the plane Soat',ao, 20 that the triangles a'a; and Saao are similar. From

. the similarity of these triangles, it follows that
Sa!’

o
® Sa,

£y

cos (5; + w)

cos (B; + w) cos @ cos ﬂ; - sin @ sin ﬁ;
= x
1

T oxy g T
cos 5, cos ﬁ'

= X} cos @ - x; tan ﬁ; sinw

Noting that the solution of the right triangle So'a(’, yields

Yy
tan B! = T
Yy fk

| and considering, from the smallnessof the angle w (w < 30), that cos @

follows that

- sin ® (45)

Xp - X3 = Axa T,

S

Finally, if the photograph is rotated in its own plane through the angle x

the

I
I
I
i
I
i
l
[
!
1
{
|
|
I
|

; (Fig.137), with the xx axis of the photograph preserving its former direction,

f abscissa of some puvint a can be expressed as
t
'
i

X9 = r cos (9 + x)
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while its value, before the rotation, was
x;  r cos @

In these equations, ¢ denotes a polar angle, and r the radius vector to a point.

Then,

X9 =~ X3 “Axy = r cos (@ + %) - r cos ® =

=r(-cosv*cosvcosx-sinwsinx)

or, noting that

Fig.137 Effect of the An- 1 - cos X =

- ele of Rotavion of

the Photograph on the
Change in Abscissa

we have

Axy = - y sin X - 2 x sin2

At a low angle of rotation of the photograph in its own plane

x2-xl=Ax‘;‘_’-ysinx (47)

Thus, the combined effect of all above elements of exterior oriemtation on the

abscissas of photographed points is expressed by the eguation

Ax=Axl+Ax2+Ax3*Ax4=- ;— (H - K) -

(48)

lan)

This equation defines the variation of the abscissas of any poinis on tche

and right photographs. There fore,
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o

x
bl §

o - H) - £ cana, -

x
a,Y
fk

-, . .
sin @0, - Yo, sin X,

x
&2

P (H2 - Ho) - fk tan ax’ -

x‘:y‘z
£,

sin W, - y sin X,

het 1
(“l - Bo) - f, tan a"l -

xclyel
T, - ycl sin X,
(H, - H )} - f, tan axz

XY
€2°¢€2

Yo, =in X,
k 2

' where the subscript ““1’’ refers to the left photograph of the stereo pair, while

i
i
i
|
1
{
f
!
i
1
|
{
|
J
!

the subscript ““2” refers to the right photograph. Substituting these values in
eq.(41), the change in horizontal perallax difference, in relation to the change
in the elements of exterior orieatation and the current coordinates of. the points
on the photograph can be calculated. For simplifying this expression, we note that,

in accordance with eqs.(32) and (35),

Moreover, assuming that the peint ©j coincides with the primcipal point of the
1 1 i P p=

left photograph, that at low angles of tilt the difference between the ordinates
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of corresponding points will be very samll, and that the deviation of the elements

of exterior orientation from the ideal (uxl = axz =W W@y =X =Xp =Hy - H, =

= Hy - H, = 0) is also small, we may write

Xy, ; tana,  =a sin 1'

.2 1 1 =)

tan @ - a . t. . - . . .
xq x, ®in 1'; sin w, @, sin 1'; sin w, = @, sin 1'

sin Xy = Xy sin 1'; sin X2 = Xp sin 1'

(Hy - H) -

x.l
(H, - B -
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Ya,

N Wy sin 1' + — sin 1'

Then,

assembling the above quantities in accordance with the coordinates of

current points, it is not difficult to construct the final expression

2ba 2
( 8H + T2 ) T4
- a -a -
[ e xy x2 )

b
X1 - Xg ¥ /@ ) -
( e

A
PYa 1 . Ap2

f.P .0

£
ok _ 1
5H 5 M - By e -

sin 1'

Equation (50) permits calculating the change in the horizontal parallax differ-

lence as a function of the change in the elements of exterior orientation.

Let

70 wm; H = 3500 m; b = 72 mm; x.l = 70 mm; Y
1

Hy - Hy = + 20 m; q, T2 e,

xl“-3°;X2='
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2ba_
6H = + 0.40 wm: z

b

a, - ° "*3"”1""2*'3':)(1‘7(2’; 2
x

*1 *2
i.e., the first term will be equel to +2.13 sm, the second -3.60 mm, the third

© +3.60 wm, and the fourth will be zero. Therefore, for perfectly flat terrain where
: the horizontal parallax difference should be zero, it actually equals -2.13 nm,
and the elevation difference, calculated from eq.(36), will be 109.6 m. Thus, if

. the effect of the elements of exterior orientstion on the change in the horizontal

parallax difference is disregarded, the elevation differences calculated from

| eq. (36) will show very large errors, interfering with the preparation of maps with

'fsatisfactory accuracy. This fact is responsible for the limited usefulness of

2mu.-,asuring or topograpbic stereoscopes.

:77 Plotting the Relief by Sections

An analysis of eq.(50) which expresses the change in horizontal parallax dif-
;ference in relation to the change in the elements of exterior orientation, indicates
;that; the first and fourth terms will be directly proportional to the change in the
‘Iabscissas and ordinates of the observed point, while the second and third terms are

tied in with the current coordinates by a more complex relation. Therefore, if it
?is assumed that the second and third terms are equal to zero, the change in the
horizontal parallax difference with any change in the abscissa or ordinates of a
current poimi, can be graphically represented by a straight line. For this pur-
| pose, segments equal to the corresponding abscissas or ordinates, are laid off on

tbe straight line representing the xx axis or yy axis of the photograph (Fig.138).

;sczssa x = 100 wm, the values for the changes (5p) in the horizontal parallax dif-

245
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ferences, calculated from eq.(50) are laid off for the value Xa = Yq = 100 mm.

Then, connecting the point of origin of the straight lines with the end of the per-
pendicular, a graph of the corrections for
ell intermediate points is obtained, since,
for these, the corrections will be repre-
sented by the length of the perpendiculars

from the ground line to the drawn line.

Construction is possible when the geo-
etic elevations of two points are known,

Graph of Correction since the change i the horizontal parallax
for Linear Interpo-

difference (if a’l =a and w; = wy) is

lations X2

directly proportional to the linear coordi-

? nates of these points. 1In this case, (Fig.139), weasuring the horizontal parallax

i difference for two points a and ¢ having known geodetic elevations on the topo-
' graphic stereoscope, and comparing these elevations with those calculated from
- eq.(36), the difference due to effect of the elements of exterior orientation is

obteined. Ry connecting the two points with a

——— e

' a straight line and measuring the horizontal-paral-
/ lax difference of any point (e.g., c) on this

L‘/ line, with respect to one of the points of origin,
] linear interpolation (as mentioned above) will

yield the change in this difference so that its

Linear Interpo- correct value can be calculated from

~

lation on a
Straight Line Ap = A'p = bp (51)

where A'p is the wmeasured horizontal parallax difference and 6p is its difference

obtained from the graph.

Such a construction can also be performed in the case where the influence of

246
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the second terw (i.e., axl = a"z) while the third term of eq.(50) is not equal to
zero. However, in contrast to previous statements, linear interpolation may be per-
formed in this case if the original geodetic points are located either along the
ordinate axis (x; = x9), or along the abscissa axis (y; = y9). For these points, the
;change in parallax will be directly proportional to only one coordinate (y or x).
Therefore, an over-all analysis of eq.(50) which relates the change in the

‘horizontal perallax difference to the elements of exterior orientation, permits the
:folloving conclusions: JIf two points, having geodetic =lcvations are located along

the yy axis, the change in horizontal-parallax differeace of these points will be
'directly proportional to the difference in their ordipates, which meakes it possible

‘to determine these changes for any intermediate point by means of linear interpo-

1

%lation. In all other cases, the change in the horizontal parallax difference can be
i

idetermined by linear interpolaticn only with a certain amount of error, which will

i

!be the smaller the smaller the difference in abscissas of the selected points and
:t.he smaller the difference in the angles of tilt.

j For a practical solution of this problem, the entire area of the photograph is
;divided into sections (zones), within whose limits the change in horizontal parallax
%difference will be considered to obey a linear interpolation law. This zone is

‘usually provided with several (usually four) geodetic elevation marks. Picking two
i
lof these points for the starting points (a and b), their horizontal-parallax differ-
i

iences are measured and compared with those previously calculated from eq.(33). Si-

§lmlt.aneously, perallax differences are measured at other points as well, including
!;some located on the straight line ab. The differences between measured and calcu-

Elated values are used for calculating the change in the horizontal-parallax differ-

{
lential. The resultant value is interpolated for intermediate points. By subtract-

!‘ing the change in horizontal-parallax differential, obtained by interpolation, from

Ethe measured value, the corrected horizontal parallax difference is obtained which

H
'

is used for calculating the elevation difference.
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the second term (i.e., axl = axz) while the third term of eq.(50) is not equal to
'zero. However, in comtrast to previous statements, linear interpolation may be per-
;for-ed in this case if the original geodetic points are located either along the
,;ordinat.e axis (xj = x9), or along the abscissa axis (y; = y3). For these points, the
ichange in parallax will be directly proportional to only one coordinate (y or x).
Therefore, an over-all analysis of €q.(50) which relates the change in the
ll:ox'izemt.al parallax difference to the elements of exterior orientation, permits the
following conclusions: If two points, having geodetic elevations are located along
_{the yy axis, the change in horizontal-parallax difference of these points will be
‘directly proportional to the difference in their ordinates, which makes it possible
__{to determine these changes for any intermediate point by means of linear interpo-~

,ll-t.ion. In all other cases, the change in the horizontal parallax difference can be
ldeterluned by linear interpolation only with a certain arount of error, which will
‘be the smaller the smaller the difference in abscissas of the selected points and
;lt.he smaller the difference in the angles of tilt.

| For a practical solution of this problem, the entire area of the photograph is
divided into sections (zones), within whose limits the change in horizontal parallax
difference will be considered to obey a linear interpolation law. This zone is
usually provided with several (usually four) geodetic elevation marks. Picking two
of these points for the starting points (a and b), their horizonta!-parallax differ-
ences are measured and compared with those previously calculated from eq.(33). Si-
multanecusly, parailax differences are measured at other points as well, including

some located on the straight line ab. The differences betw=en measured and calcu-

The resultant value is interpolated for intermediate points. By subtract-
ing the change in horizontal-parallax differential, obtainred by interpolation, from
the measured value, the corrected horizontal parallax difference is obtained which

|is used for calculating the elevation difference.
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1

The number of sections that the field of the photograph is divided into depends

on the required accuracy of plotting the relief and the quality of the calculation

; data. For making maps at a scale of 1:100,000, the print is divided into two or

: three sections, when aerial photographs are used. Simultaneocusly, when determining
the values of elevation for a series of intermediate points of each section, the

7 relief is plotted together with the elevation marks located within the boundaries

| of the section.

| 78. Densification of the Control Network by the Straight-Line Wethod

The geometric principle of the straight-line method, proposed by G.V.Romanov-
skiy., encompasses the fundamental law of projective geozetry that a straight line
in space is mepped by a straight line on the
picture plane. This is due to the fact thac,
through the center of projection and the
spatial straight line, a plane may be drawn
that always intersects the plane of the aeri-
al photograph along a straight line. How-
ever, the location of the image of three
points of a locality along a straight line

on the aerial photograph does not mean that

4/ the corresponding straight lines of the ter-
rain are collinear.

Selection of Points Now let the three points a, ¢, and d

on the Aerial Photo-
be ial h ig.1 1-

graph for Making s of t aerial photograph (Fig.140) be co

Streight-Line Method linear. Then, through this line and the

center of projection S; a plane can be pro-

duced in which the corresponding points A, C, and D of the terrain are located, re-

, gardless of whether or not they lie on a single spatial straight line or at the
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locus indicated in Fig.140. At the sawe time, the images of these three points on

the second photograph will usually be non-collinear, except for izolated cases. In

.order that the images of three points of the terrain shall be, at the same time,

" collinear on two adjacent photographs, it is a necessary condition that, through
t ¢

ithese three points and the two centers of projection, two planes are drawn inter-

secting both picture planes in straight lines. This condition will be satisfied if

él;he three points of the locality lie on a single straight line in space or if these

i

‘two pianes coincide, i.e., if the three ground points and the two centers of projec-

jtion are coplanar.

; The second of these cases corresponds to the arrangement of points on aerial
éphotographs in al_:raight lines roughly paralle]l (for the case of a plaﬁ aerial photo-
ggraph) to the direction of the base line. Therefore, to exclude the second case

i

ifrom consideration, the points on the photographs must be selected along directions

roughly perpendicular to the directions of

!
i
!

the base line. 1In that case, the collinear
location of the three points a, c, and d on
the left and right aerial photographs indi-
cates that the corresponding ground points A,
C, and D lie on a single spatial straight
line. On the other hand, if on one photo-

Letermining the Ele- graph three pcints a;, ¢y, and d; are col-
vation Difference of
a Point Located on a
Straight Line in

linear, then the deviation of the point d2
of the second aerial photagraph from the
Space . . L. .
straight line joining the point ag and c,
indicates that the three ground points A, C, and D do not lie on a single straight
i line in space. In this case, the deviation of the point dy from the line agcy will
| be a result of the relative elevation of the point D above the line AC. Thus, a

!
| study of the character of the location of three points on two aerial photographs

i
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permits determination of the mutual location of the three ground points.

In densification of a basic vertical control net by the straight-line method,
the clevations of points A and C of the
ground are determined geodetically, and the
elevation of any other point, e.g., point D,
on the same straight line, is then found
photogrammetrically. 1In Fig.141, let all
three points A, C, and D be located on a
single straight line, and let the elevations
of points A and C be known. Then the ele-
vation of point D is found from the simi-
larity of the triangles ACC_ and ADD_,

Fig.142 - Determining the Excess whence,
of a Point by Measuring
the Photograph (A - A) (52)

To determine the elevation of point D from eq.(52), the distances D; and D,
between known and determined points must be known. These distances can be replaced

. by radials measured between the images of these points on the aerial photograph.
let (Fig.142) an aerial photograph occupy a strictly horizontal position, and
i let the three ground points A, C, and D be located on some inclined straight linpe.

Produce from the points A and C horizontal straight lines to their intersection

[
|
i
I

‘ with the projecting ray SC at the points E and K. Then, the triangles acS and AES,

i
[ dcS and DKS, and ACE and CDK will be similar. The similarity of these triangles

gives

HA
AF = ——
£y

} ) ac;

where Hy and Hp are the height of the camera station above the plane containing A
!
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and D. Noting that AC = D, and D = Dy, and denoting ac by dj and cd by dy, we may
write ‘

D,  Hyd,  (H, - h)d,

D, Had; Hyd,

If we assume that (d; + dj): d; = Q, then

D, + L,

=Q - -1
D, Q- (© )

ior, from eq.(52),

Q (A - A))

- A
i 1+ (Q- 1) A "M
. HA

Equation (55) clearly indicates that, to determine the elevation difference of
the point D over the point A, the elevation difference between the points C and A

lccated on the same straight line must be known, and the distances d, and d, between

If the point D of the ground does not lie on the straight lice in space joining
the points A anc C, then the deterwmination of its elevation is performed in two

stages. At first the elevation of some point D' (a fictive point) located on the

!
!
i
!
i
i
{che images of these points on the aerial photograph must be measured.
!
|
}
¢
|
1
i
i
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straight line AC is found, and then the elevation of the actual point C with respect

" to the fictive point. The solution of this problem is illustrated in Fig.143. Om

. the left photograph, let the images aj, ¢y, and d; of three ground points be col-

- linear, while, on the ground, let the point D be higher than the line AC. Then the

[

images ay, cg, and dy of these same three points on the right photograph will not Le

Fig.143 - Determining the Excess of the Actual Point over the

Fictive Point

! collinear, i.e., point d, will deviate from the line agcy by a certain quantity

! dgd). Then, prolong the line AC to its intersection with the projecting ray S;D

! at the point D'; the resultant point D' will be the fictive point whose image on

the right photograph will be at the point d5, lying on the line ascy. If, through

; the right projection center Sy, the ray Sod, is drawn parallel to the ray Sld 1

then its intersection with the plane of the right photograph at the point dj wili

lie on the line dgd}, since the rays Sod,, Szdé, and Syd) will Le coplanmar. If
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then the plane S5,S,D is drawn, the rays S$,d, and S,d; will lie on this plane (and,
_consequently, also the ray S,dj which is parallel to it). The same plane will then
! contain the point D' and, obviously, alzo the ray SyD'.
Assuming the planes of both photographs and the photographic base S4S, to be

;horizontal, it is logical that the triaagles d3d,S, and S;S,D, and also d3d3S, and
?slszn', will be similar. For this reason, the sides of the triangles have the same
" iratio to each other as the focal length of the camera has to the flight altitude By
t-nd Hj, above the planes drawn through the points D and D', respectively. Thus,

SySaf, S18.1,

djdy = h, ¢ 42 - ;

djdy- dJd} —_ (H[',-HD)=—H—::I.—:Ah

where Ah denotes the elevation of point D over D'. The quantity dod) represents the
ihorizontal parallax difference, determining the distance of point do from the line
drawn between points ag and cy. For this reason, the elevation reference mark of

)the ground point D will be expressed by the relation

!
Q (Ag - A)) SpHpHy
+
Ac - Ay B f,
By

Ap = Ay ¢
1+ (Q - 1)

Thus the straight-line method makes it possible to determine the elevation
mark of any point D whose image is located one one of the photographs, on a line

Joining the images of two other points whose elevation is known. For this purpose,

the difference in horizontal parallaxes Ap and the radials d; and d5 on the photo-
|

,grnph must be measured from the known point to the unknown point.
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There are two variants for the densification of the elevation control metwork
by the straight-line method. In the first case, densification takes place within

the limits of a single pair of photographs in the zone of their end lap. The

; Fig.144 - Selection of the Straight Line in the Zome of End Lap
i
|

;straight line is selected to lie in a direction roughly perpeandicular to the base
:line (Fig.144), forming an angle of not less than 30° with it. Two of the points
zof this line must have geodetic elevations, preferably at the end of the marked line
!(in that case Q will be less than unity, which increases the accuracy of the deter-
minations).

The photographs are placed in the measuring stereoscope and adjusted (oriented)
;8o that the marked line is perpendicular to the xx axis of the instrument. The
jhorizontal parallax is measured at all points and will be equal at points A and C.
The horizontal parallax difference Ap of point D with respect to the two other
points is used for calculating the elevation of point D. If the straight line forms
an angle v, different from 90°, with the base line, then the measured horizontal

parallax difference Ap' will be inaccurate; to obtain its accurate value, it must

be divided by cos (90* - ¥) or by sin v¥. Then, the equation for calculating the

:elevation of the points will take the form

C (A - A

Ap = AL+

-AA

+ -1
1 «Q ) H,
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In the second case, the densification of the basic elevation control network is

rerformed within the limits of a few stereo pairs, using the photographs from two

.adjacent fiight aerips. The straight line must be located in the zonme of side lap

(Fig.145) roughly parallel to the direction of the flight strip, and must have geo-

‘detic elevation points at its ends. These two points are Joined by a straight line,

7
-3

AN H

——— -

Fig.145 . Condensation of Straight Line in Zone of Side Lap

on which points of densification are selected so that not less than three points
g;are located in the side lap of the first photographs of both flight strips. Jn this
:;case, the first of the Foints selected must be simluneously depicted on the second
;’phot.c:graph of both flight strips, and the second point must be in the zone of triple
l overlap, i.e., appear on the sec-
4 ond and third photographs. Thus,

two points will be marked on the

second photographs, supplemented

by a third point located simul-
taneously on the third and fourth
Fig.146 - Tying-in of Points by the photographs. Similar selection

Straight-Li Method
reie tne Metho of points is continued until the

-0
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» and the point 1 whose eleva-
_ tion is arbitrarily assigned. From the known pPoints of elevation, the straight-line
f method is used to determine the first unknown and then the next, etc. until the end
t of the marked line is reached. Arbitrary elevation values arc used. The Progres -
. sive method is used until the last photograph is reached, so that the elevation of
Poiats 3 and 4 can be used for determining the elevation of point II having a geo-

: detic elevation. The difference between the arbitrary and the geodetic values of

i

gelevations ©f point II will be the error in the arbitrarily selected elevation of
;-Epaint 1. To determine the correct value of the elevation of that point, the differ-
Eence at point II must be divided by the number of bases into which the straight line
. gbad been divided, and the quotient must be subtracted from the elevation taken for
;!point 1. Now if the reference mark for point 1 7(Fig.146) was in error by the quan-
.tity 1-1', then this error increases to the quantity II-JI' ac point II, while all
intermediate Points are in the positions 2', 3', and 4°'. To obtain the correct
marks of all points selected, the discrepancy IT-II' must be divided proportionally
to the distance to the points selected and the resultant quantity must be applied,

;with reversed signs, as corrections to the elevations so determined.

The errors of elevation densification by the straight-line method increases
Yy &

i
!
j
|
i
i

| . - . .
f""h increasing number of photographs between the points of known geodetic eleva-
}tion because of the unavoidable errcrs in pPhotogrammetric constructions. An addi-

» 80 that

}the straight-iine method is useful only on level or slightly undulating terrain.
i

79. Parallactic Rulers

|
!
J The densification of the elevation control network by the straight-line wethod
Illny be conveaiently carried out with the parallactic sine ruler developed by F.V.
|Drobyshev and shown in Fig.147. The two glass plates are provided with lines, re-
;presenting the measuring marks of a stereoscope. One of the sides of each plate

i
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has a beveled edge forming an angle of 5°44' with the traced lines. The beveled edge

of the left plate is gradvated in millimeters, and an index line is warked on the

‘beveled edge of the right plate. 1In measuring the horizontal parallax difference
during densification of the elevation

network by the straight-line method, the

first plate is placed on the left photo-
graph so that its line coincides with
the selected line. In the same way, the

plotted line of the second plate is

matched with the straight line ascy on

the righe photograph, after which both

X
\
\
“ ! plates with the photographs are brought
\
\
\
]
\

: together until their beveled edges coin-
] -’
502
g
\

cide. If a simple sStereoscope is placed

)
V! over the photographs, the observer will

v
see a stereoscopic model of the terrain

Fig.147 . Parallactic Sine Ruler and a spatial line cutting the model =t
points A asd C. 1In this pesition, the
initial reading is taken on the index of the beveled edge of the plate.

Qn displacement of one of the plates along the beveled edge of the other, the
Edistance between the plotted lines, which remain parallel to one another, will
change, which, stereoscopically, corresponds to a displacement of the spatial line
’ {in depth. As a result of this displacement the floating mark can be superimposed on
jlt.he point D of the model, after which the new position of the plate is read off on
i’t.he scale of the beveled edge. The displacement of the plate along the beveled edge
"ill be equal to the change in distance between the rulers, divided Ly the sine of

|
i ‘lthe angle formed by the edge and the line, a statement based on Fig.148. Since this

Eangle is equal to 5°44', ite sine will be 1 :1i0, i.e., the resultant displacement

!

, 7-0
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of the plate will be ten times as great as the change in distance between the gradu-

ation lines, which is equel to the horizontal parailax difference between points D

and A. Consequently, to obtain the desired horizontal parallax difference, the
measured displacement of the index of the

plate must be divided by ten and uaed for
| ebndadhadindbad e db sliadiealie ]
‘\ calculating the elevation difference.
1

’
)
I}

In determining elevation by the straight
line method with the a2id of a measuring ste-

reoscope or parallactic rulers, the photo-

graphs d not nec rily be so adjusted

| memme o e ..o

that the straight line is strictly perpendic-

ular to the xx axis of the instrument or

csincides with the index line. 1In this case,
Fig.148 - Measuring the Horizon- taking one of the poiats of the straight

tal Parallax Gifference N N - .
line with a known elevaticn as the datum

with a Parallactic
Ruler point, the horizontal perallax difference of
the two remaining points is measured by the

zabove-described method. Then, by simple calculations, the same horizontal rarallax
;difference of the third point with respect to the two other points which would have
;been measured if the orientation of the photographs had been strict, is now deter-
gmined. This procedure considerably facilitates orientation of the photographs.
% The calculation of the horizontal parallax differences is performed in a record
gon the form presented in the Table given below.
; In Column 1 of this record, the number of the azerial photograph with which the
measurements were made is entered; in Column 2, the number of the erientation, which

is always done twice (as a cross check); in Column 3, the number of the point on the

i
!
i
]
i
!
I

ystraight line selected; and in Column 4, the readings on the scale of the parallax

1
" - Taking the reading at point 1 for the datum and subtracting it from all
i
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Record for Measuring the Horizomtal Parallax by the Straight-Line Method

Orientation Reading Ap' 1 Q Sp! Ap'
No. wn o - - -

2 4 S 6 8 9

67.41 ] 0.0 - - 0.00
67.95 39.6 1000 -0.54 0.00
67.87 T76.4 1.939 | -1.04 | -0.58
68.35 0.0 - - 0.00
68.14 39.2 1.000 | +0.21 0.00
67.33 75.8 1.934 | +0.40 | -0.62

horizontal parallax differences which are

|
|
iother readiags, will give the measured
|
?

entered ir Column 5. In Column 6, the distances measured on the photographs along

;the straight line from the initial poin

t to the two other points are entered, and in
|
gCollmn 7,

the ratio of these distances to the distance to a second point of known

{elevation. The product of these ratios by the measured Lorizontal parallax differ-

jence of point 2 (a point of known elevation), used with reversed sign, gives the
|

jquantity 8p*, which is entered in Column 8. The sum of the values of Columns §

» entered in Column 9, represents the horizontal parallax difference which

ould have been measured st strict orientation of the photographs. The same calcu-

lations are made for both orientations, and the average of these values is entered

The calculations of the elevations of points by the straight-line method is

in this record, the number of the aerial photograph is entered in Column 1; the

umber of the point of the straight line in Column 2; the flight altitude above the

plane passing through the datum point, in Column 3; the coefficient calculated from

the equation given in Column 12 is entered in Column 4 and serves for the transition

rom the measured horizontal parallax differences to the elevation differences; in
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Recoxd for Calculating Point Elevations by the Streight-Line Method

Point k Ap Ah Q Gh &' h A Remarks

No. = = - m - =

2 S 6 8 11 12

HpHp

Bf, sin ¥

0.0

0.0
8' = Q (Ay-Ay) x
A2y

-1
x (Q ) m

Column 5, the parallax values of Ap are transcribed from the record. The product
of the data in Columns 4 and S is next entered in Column 6. From the same record,
i the values of Q are entered in Column 7. The known elevations of points 1 and 2

i are then entered in Column 11; the elevation of point 2 with respect to point 1 is
next calculated and entered in Column 10. The resultant elevation difference (in
this particular example -16.2 m) is multiplied by the value of Q and the result
entered in Column 8. Since the calculated quantity represents merely the numerator
of the second term of eq.(56), the correction &' js applied to it at differences in
| elevation of more than 50 m, to allow for the deviation of the dencminator from

. unity. The correction is calculated from the equation in Columa 12, while the re-
sult of the calculations is entered in Column 9. The sums of the quantities en-

! tered in Columns 6, 6, and 9 give the values shown in Column 10; by adding these

i to the reference marks of the datum points, the geodetic elevations (Column 11) of
the points to be determined are obtained.

In the case of transverse lines passing across a number of stereo pairs, the

| arrangement of the record Lecomes slightly more complicated, but the principle of

calculating the elevation of the points remains the same.
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