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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM 
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* ye initially, after vowels, and after i, b; e elsewhere, 
tmen written as 8 in Russian, transliterate as y» or 8. 
The use of diacritical marks is preferred, but such marks 
may be omitted when expediency dictates. 
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Following m the cgrrispondikg Russian and xnglish 

DESIGNATIONS OP THE TRIQONONSTRIC FUNCTIONS 
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ANNOTATION 

The boók outlines the basic processes and methods 
of operations on the creation of topographic maps by 
means of aerial photos. Furthermore, the theory and 
construction of basic aerial photography and photogram- 
metris instruments are considered. 

The work is Intended for students of optical and 
mechanical specialties at Institutes for engineers of 
geodesy, aerial photography, and cartography. 

* 
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INTRODUCTION 

The course "Principles of aerial photography and photogrammetry" contains 

descriptions of photographic and photogrammetric processes and instruments applied 

during the creation of maps of terrain, plans of engineering constructions, &nd 

other objects. 

Photography is the initial process from which photographs of the assigned 

section of terrain are obtained. Photographing can be carried out both from the 

ground and from aircraft. Accordingly there exist ground photography and aerial 

photography. 

Although the goal of photogrammetric operations on the creation of maps is 

common to the purpose of geodesic operations, the first differs from the second 

by the fact that in them processes of measurements are executed from photographs 

and in laboratory conditions. This circumstance makes it possible to apply highly 

productive Instruments of stationary type for the creation of maps. 

The widest application is found by Serial photography and the photogrammetric 

operations connected With it; therefore we will begin our course with them. 

Vertical aerial photography for cartography is executed by aerial cameras 

with focal lengths f^ ■ 36 to 500 mm. The height of photographing can be 40Q 

to 6OOO m. Table 1 shows the scales of the obtained aerial photos, depending 

on the values of f^ and H. 

On aerial photos of scale 1:2000 used in large-scale cartography terrain is 

depicted in detail with its small elements (shrubs, paths, grassy vegetation, etc.). 

FTD-MT-65-220 
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Table 1 

H.M 
/*. ** 

10 too on 

HO 
190 

MOO 
M0 
M0 
ion 

1: 0714 
1: 7143 
1:10714 
1:14206 
1:35714 
1:07143 
1:00714 

1: 4000 
1: 5000 
1: 7500 
1:10000 
1:20 OH 
1:40 OU 
i:non 

1: 2 on 
1: 20n 
I: 3790 
i: son 
1:12 On 
1:20 On 
1:30 On 

On aerial photos of scales 1:10,000-1:50,000 topographic objects are depicted 

very completely; therefore, at present aerial photos on these scales serve as the 

basic material for detailed cartography cf a country. 

Aerial photos of scales 1:60,000 used for small-scale cartography give a 

generalized picture of the terrain. Small structures on such aerial photos will 

not be identified exactly, and sometimes are not at all conspicuous; certain country 

roads and small inhabited localities are not seen. In such cases additional survey 

by an aerial camera with a longer focus objective is done in addition to basic 

aerial photography. Aerial photos obtained by the former method serve only for 

identification of details on aerial photos taken by the basic aerial camera. 

Aerial photos of the Indicated scales are used to create topographic maps 

and photoplans on scales of 1:1000, 1:2000, 1:5000, 1:10,000, 1:25,000, 1:50,000, 

1:100,000. 

Map making on the scale 1/M from aerial photos of scale 1/m requires both a 

general change of scale, and conversion of the central projection, which an aerial 

photo represents as the plane of intersection by the pencil of rays, into an 

orthogonal projection. The instructions in effect specify accuracy of horizontal 

position of points on a map of 0.4 mm, and in height - 1/3 of the section of 

horizontals. Accepted cross sections of horizontals (in m) for maps of different 

scales are given in Table 2. 

Table 2 
Scale cl’ map 

i:ion 1:20n 1 :S0n l:100n 1:25 On 1:90000 i: mon 

0.0 

1.0 

0.0 

1.0 
2.0 

1.0 
2.0 
2.0 
0.0 

1.0 

2.5 
5.0 

2.0 
0.0 

10.0 

10,0 

20.0 

20,0 

40.0 
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Several sections for a map of one scale are established depending upon the drop 

of heights of the terrain. The ratio of scales of aerla photos and the map 

1/m:1/M « n can be within limits of 0.5-6. 

Most frequently photogrammetrlc methods are used for creation of medium-scale 

and large-scale topographic maps. 

Accordingly, maps of the scale 1:25,000 are used for needs of large economic 

construction, cartography of industrial regions, and other purposes. 

Maps of scale 1:10,000 serve as a basis for special surveys; they are used In 

exploring communicatlori routes, construction of engineering projects, in geological 

surveys, land management, forest management, and for making maps on smaller scales. 

* Maps on scales 1:2000 - 1:5000 are used In planning cities, industrial 

regions, railroad Junctions, and other objectives. 

Another type of map in the form cf photomaps, created from aerial photos. 

Is widely applied In land management, designing inhabited localities, exploratory 

work, and in other branches of the Soviet economy. 

Photogrammetrlc methods are applied also for solution of scientific problems 

not directly connected with topographic survey, for instance, in the study of the 

surface form of the agitated ,sea, determining deformation of the terrestrial surface, 

in constructions, and in other problems. 

Also khown is the use of aerial photos for the study of the history of changes 

of the earth's surface - for instance, shift of river channel, for assessment, 

study of places of meteorite fall, etc. By means of aerial photography of water 

surface, the position of reefs and shallows, the presence of schools of fish, etc., 

are established. 

Photogrammetrlc methods are applicable also during treatment of photographs 

of microsurvey of mechanical, biological, or physical objects. Thus it is possible 

to determine their dimensions or, for instance, the path of movement of elemental 

particles in a cloud chamber, and so on. 

In photogrammetrlc work various instruments are used based on the use of 

precision mechanics and optics, and more recently on electrical computers and 

electronics. 
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Construction and application of these instruments requires knowledge of the 

principles of aerial photography and photogrammetry. Therefore the content of 

the course includes a description of flight-survey work the theory of the connection 

of points of terrain and aerial photos, consideration of map making methods, and 

description of photogrammetr.c instruments, both Soviet and foreign. Furthermore 

the theory and practice of application of ground stereophotogrammetric survey 

is expounde 
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CHAPTER I 

THE NATURE OP AERIAL PHOTOS AND THEIR USE 

i 1. General Information 

An aerial photograph oonatlt,,«. a photogr.phlo Imago of the earth', .urraca, 

obtained elth the help of an aerial .»era. At angle, of tilt «Ithln limit, of 

0-5» aerial photo, are de.lgn.ted vertical! at angle, of more than 5» they are 

designated obllooo. Oeometrloally both the on. and the other type of aerial photo, 

constitute a central projection of terrain! front and rear nodal point, of the 

objective serve as summits of pencils of rays. 

Pig. 1 shows a diagram of projecting rays proceeding from points 0, N. end M. 

The ray going from point M of the terrain passes through combined (front anu rear) 

nodes of the objective - point S. and fixes it at point m of the aerial photo. 

Principal point o of the aerial photo is the name given the 

base of the perpendicular dropped from the rear nodal point 

of the objective to the plane of the aerial photo. The 

distance from the rear nodal point of the objective to the 

plane of the auxiliary frame of the aerial camera is called 

the principal distance, or focal length of the chamber of .the 

»«rial camera f„. Plumb line NSn is called the nadir line, 

and the point of its intersection with the plane of the aerial 

photo is called the point of nadir n of the aerial photo. 

The angle between the principal ray So and nadir line Sn 

1, caned the .'cele df tilt or the aerial photo, segment SN 1. the height H 
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oí- the station, or height of photographing. Points N and 0 are traces on the terrain 

corresponding to the nadir line and principal axis. One of the planes (I or II) 

passing through points N and 0 Is taken as the Initial plane of the map. 

In Fig. 2 Is depicted an aerial photo, whose principal point Is determined 

by Intersection of lines passing through coordinate marks of the auxiliary frame 

of the aerial camera. Line vv, whlcn is the trace of the plane 

passing through principal ray So and the perpendicular to the 

plane of the aerial photo, is called the principal vertical; 

in the plane of the principal vertical Is the angle of tilt 

°0 aerial photo. Line hh, perpendicular to line vv, 

Fig. 2. caH®d the principal horizontal. During treatment of 

isolated aerial photos lines vv and hh are taken correspondingly 

as axes x and y. With respect to the axes of flight marked by the arrow, the line 

of marks composes angle ,-0° » 5°, and the line of the principal vertical vv - 

angle k0 within limits of 0-360°. Thus, orientation of the aerial photo in space 

Is determined by angles Kq, Oq of the vectorial angle system. 

The position of the aerial photo can be determined also by angles of tilt 

relative to selected coordinate axes X, Y. 

For creation of maps aerial photos of size 18 « 18; 18 * 24; 30 * 30 cm are 

used; in aerogeodtsic production 18 * 18 cm is the basic size. 

During use of an aerial photo it is necessary to know the position of its 

principal point and the origin of coordinates with respect to straight lines 

passing through marks of the aerial photos. Coordinates a and a of the 
xo y0 

principal point and also the value of f^ are called elements of internal orientation 

of aerial photos. 

In the process of manufacture of the aerial camera and its adjustment we 

strive to bring magnitudes a and a to zero; therefore the point of intersection 
0 

of straight lines passing through the marks is the origin of coordinates of points 

of the aerial photo. On edges of the aerial photo, besides marks there are 

photographed data specifying the readings of the level, time, focal length, etc. 

These data can be obtained also from the data sheet of the aerial camera. 

Given determinations are true both for vertical and oblique aerial photos, 

i.e., aerial photos with large angles of tilt of the optical axes of the aerial 
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camera (over 5o) with respect to the vertical. 

Oblique aerial photos have a peculiarly sharp distinction of scales of image in 

various parts, considerably complicating the process of map making. Therefore in 

the Soviet Union such photos almost never are used in cartography. Oblique aerial 

pnotography at angles of tilt of aerial photos of 20-30° has certain value for 

determination of the state of ice in the artic and antarctic. 

* 2. The Connection of Coordinates of Points of the Aerial Photo 
with Points of Terrain -- 

It is accepted that the positive direction of axes X toward the terrain will 

be the direction proceeding to the right from the origin of coordinates, and that of 

axis Y - forward from it. Correspondingly, are considered the angles between 

the vertical line and right or front position of the optical axis are consider*d 

to be positive angles of tilt of aerial photos. 

Q.r4:.gln of coordinates on the aerial photo at point n. Let us consider that 

axes X of the aerial photo coincides with the direction of the principal vertical 

w, and axis y with the line perpendicular to it and passing through nadir point n. 

Tracing through point e (Pig. 3) line en' parallel to axes X on the terrain, we 

obtain 

n Mft'aEjr.sin«^ cose. 

After substitution we have 

(1) 

Erecting perpendiculars to the principal vertical from points e and E we 

find for corresponding segments 

V*/e »■ ££»*s Ym 

» (2) 

By formulas (1) ana (2) in the presence of known values of aQ; f^; H; x and y 

it is possible to calculate coordinates Xn, of points of terrain. With different 

signs of xn and a0 it is necessary to replace the minus sign in the formula with a 

plus. The scale of the aerial photo at point n is equa] to 

I_A 
m /¿cms, ‘ 

-7- 



Origin of coordinates at point; c (at the point of Intersection of the 

principal vertical with the bisector of angle a0 and called the point of zero 

distortions of the aerial phdto). Tracing the line ec' parallel to EC, we obtain 

ec ' ec xc (Pig. *0. Triangle ecc' is isosceles; a ecc' * A ec'c «« 90° - ^). 

So. So 
k’ 

Prom similarity of triangles Sc'e and SCE we obtain 

(it) 

Tracing from points e and E the lines perpendicular to the principal vertical, 

as before we find the relation of ordinates of points of the aerial photo and 

terrain: 

g n 
The scale of the aerial photo at point c is equal to 

St 

3FS 
CMS 

( 5 ) 

(6) 

i.e., it is equal to the scale of the horizontal aerial photo. It remains the same 

also along the line passing through the point of zero distortions and parallel 

to the principal horizontal. This line is called the line of the undlstorted 

scale. 

fk 
Ratio -jj or 1/m is called the scale of aerial photography. 

The given formulas for the connection of coordinates of points of the aerial 

photo and terrain serve as initial for the derivation of certain formulas of 

vertical aerial photography and also are used during investigations of 

photogrammetrlc instruments. 

If the direction of tilts of a pair of aerial photos does not coincide with 
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aoordlnat« «Mt of the in»trument, the formulae for connection of coordinates of 

pointe «111 have a more complicated expression [1], [3] and they will serve for 

creation of modele of aerial photos on glass containing a number of conditional 

points of terrain expressed in the system of spatial coordinates. Such models 

are used during investigation of accuracy of work of stereophotogrammetric 

Instruments. 

I 3. Distortion of the *»rial Photo Due to Relief 
of the Terrain 

If the angle of tilt of the aerial photo is equal to zero, flat terrain is 

depicted in the form of an exact map: if there is relief, points of an cerial photu 

are displaced relative to their positions on a map. In Pig. 5 it Is shown that 

orthogonal projection of point Eq on tho plane of the 

map passing through point 0 is displaced with respect to 

the ray of projection eE. Therefore on the aerial photo 

there will be formed distortion eeQ • 6, the value of 

which can be determined by formula 

T-&* 
Furthermore 

A, 
T1 

Hence we will find the value of correction on axis x 

(7) 

for points located above the initial plane. 

The correction with H • fk for arbitrary radius R (accepted Instead of a) 

and points located above or below the initial plane is calculated by the formula 

a.-A (8) 
Exarngle. If f? - 80 mm (In scale of map); h ■ -50 mm; H • 1000 m, value 

A » 4.2 mm. For derivàtion of a horizontal position of the point It is necessary 

to defer the correction in the direction of the center of the aerial photo. 

With small relief the value of « can attain several millimeters; on aerial 

photos of mountain terrain S6 ■ 20 mm and more; therefore the transition from an 

aerial photo to a map of terrain requires a corresponding conversion of projections 
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At tilts of aerial photos from G to 3° the order of magnitudes of distortions 

remains the same on horizontal aerial photos. 

S . The System of Processes of Map Making 
by Aerial Photo's 

As was already noted, the location of points of terrain depicted on the 

aerial photo does not correspond to their position on the map, due to the difference 

of the scale of the image in various parts of the aerial photo under 

the influence of its tilt and of the relief of terrain. Therefore to make a map 

of terrain from aerial photos it is necessary to eliminate the variety of scale of 

the image of the aerial photo. Such a conversion of the varied scale of an image 

to a single scale is called rectification. It is carried out on photorectifiers 

(projectors). The rectified image obtained on the screen of the instrument, is 

exposed on photographic paper. After photographic treatment we obtain a rectified 

aerial photo. 0y assembling rectified aerial photos on a plane table with reference 

points we obtain a photomap of the terrain. 

For rectifying (and assembling) every aerial photo it is necessary to have 

on the plane table the geodesic coordinates of three, and in certain cases four, 

points not located on one straight line. 

Coordinates of these points can be obtained either from geodesic field work 

or by photogrammetric methods, by means of thickening the net of geodesic reference 

points. 

Photogrammetric thickening of the vertical basis is executed by methods of 

vertical triangulation, photo surveying or by measuring a three-dimensional model 

of the terrain created by pairs of aerial photos. 

Relief of the terrain of the photo map is depicted by contours which are 

drawn in the field or, which is more widespread, by methods of stereotopographlc 

survey. These methods also are based on measurement of the terrain model created 

by pairs of aerial photos. 

For instance, adjacent aerial negatives are fixed in the instrument which 

consists of two projecting chambers identical in elements of internal orientation 

of the surveying camera. Establishing them in the position which they occupied 

at the time of photographing, we obtain an intersection of analogous projecting rays, 

as a result of which the terrain model will be formed. 
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By measuring spatial coordinates of a model by attachment, fixed on the 

screen of the Instrument It Is possible t’o create a topographic map in outline, and 

contours. 

With the help of such instruments as the multiplex, it is possible not on y 

to make maps but also to thicken the geociesic basis. Therefore it is accepte, to 

call such instruments and corresponding methods of work universal. 

Another solution for the problem of depiction of relief and thickening of 

elevations is based on use of the dependence between the elevation of points of 

terrain and the difference of their longitudinal parallaxes. 

Basic instruments for this purpose are stereometers, with the help of which 

contours are traced directly on aerial photos themselves. 

From the aerial photos the contours are transféré, to the corresponding 

photo map. If however, the terrain displays considerable relief, then from aerial 

photos there are made 3-« times smaller copies which are projected onto the 

topographic plane table by means of special projectors. By means of circumscription 

of outlines and contours by pencil there is obtained a map of one or another scale. 

Due to differentiation of the entire complex of work into a series of 

operations executed on different instruments, this method of map making has 

acquired the name differentiated. 
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CHAPTER II 

AERIAL PHOTOGRAPHY AND AERIAL CAMERAS 

1 5. Aerial Photography of Terrain 

Aerial photography of terrain for cartography Is carried out by an aerial 

camera fixed in an aircraft. The latter shifts horizontally and rectilinearly 

during the time of the entire surveying of the terrain section. After completion 

of one flight llne( the aerial photographer lays a second route in the opposite 

direction, parallel to the first, and so on. 

Film Is exposed at intervals of time such that part of the site taken on the 

preceding aerial photo is retaken on each subsequent aerial photo. 

Longitudinal overlap of aerial photos in line of flight survey should be 

more than 501. Fig. 6 shows the position of aerial photos of two routes. In this 

the overlap of flight lines is taken as less than 50¾. 

When an assignment for aerial photography on the 

8Cal® m " IT» 18 deceived, the first preliminary 

requirement is to make the necessary calculations of 

height of photographing, bases of photographing. 
Fig. 6. 

intervals between exposures, etc. 

Height of photographing H relative to the initial (average) plane of terrain 

is calculited by the formula 

(9) 

bases of photographing are determined by the formulas 

».= ML«-.*.» 
100 (10) 
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and 

(11) 

where t and t are the lengths of sides of the aerial photo lengthwise and across 
a y 

the line of flight) Px and Py are the longitudinal and transverse overlap. 

With 180 um, P » 601, end P ■ 301, correspondingly we obtain 
a y a y 

^■i imjkk. 

Knowing the scale of survey -n one can determine segments By and B on the fn a y 
k 

terrain. Thus at ■ 1:10,000 segments bx and by of 72 and 126 mm length correspond 

to 720 and 12C0 m on the terrain. 

After these calculations one can determine the quantity of aerial photos 

appearing on the surveying section. 

For determination of Intervals between exposures, calculate the time during 

which the aircraft will fly the distance equal to B • bx«m - the base of 

W 
photographing. If the aircraft flies with speed W km/hr or m/sec, the Interval 

between exposures is 

..ÿu (12) 

For Instance during a speed of flight of 300 km/hour and Bx ■ 720 m the value 

of t a 0-6 see. 

Before the beginning of aerial photography the light filter is installed and 

duration of exposure Is determined depending on illumination and color of the 

terrain, relative aperture of the objective and sensitivity of unexposed aerial 

film, focal length, and the multiplicity factor of the light filter [14]. 

Illumination of comparatively flat terrain at solar altitudes of 15° and 

above is considered sufficient for aerial photography. The predominant color 

of the terrain, for instance green or yellowish, requires correspondingly larger 

or smaller exposure time or use of one or another type of film. Presence of 

hase or upper overcast increases exposure time. 
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For determination of exposure1, taking into account all the enumerated factors, 

exposure meters are used. In spite of the fact that exposure is determined before 

takeoff for aerial surveying, in flight there is used an exposure meter wedge, or 

several test aerial photos are made, on which subsequently the degree of accuracy 

of the exposure meter data is checked and time necessary for high-quality development 

of a large quantity of aerial photos is determined. 

When all calculations are completed lines of flight [runs] of aerial photography 

are planned on the flight map on a scale of 1:50,000-1:200,000. 

Besides the runs, on the map are drawn the turns for the approach of the 

aircraft to neighboring runs and the individual reference points and boundaries 

of the surveyed section. The aerial photographer during the flight draws un the 

map new reference points, useful for laying out runs. By means of the intercom the 

aerial photographer transmits to the pilot all necessary information about reference 

points and the direction of movement of the aircraft according to the flight map. 

Before the aerial survey the course of travel of the aircraft is determined on 

the operating altitude on outlined directions of aerial photography runs, taking 

into account drift angle and groundspeed of the aircraft for more precise definition 

of the value of Intervals between exposures. 

The direction and speed of the flight of the aircraft depend on the direction 

and speed of the wind. The deviation of the aircraft from the assigned direction 

caused by the Influence of the wind is called drift angle, and the speed of shift 

of the aircraft with respect to terrain is called groundspeed. 

So that the aircraft flies in the assigned direction. It is necessary to turn 

it by a lead angle, depending on the drift angle. 

Interval between exposures is established on the command Instrument of the 

aerial camera. 

Aerial photography is commenced after leveling the aerial camera anu turning 

it by the lead angle. The rectlllnearity of runs, the designated altitude of 

photographing, overlap, and assigned position of the principal axis of the aerial 

camera must all be maintained. 

Permissible lengths of runs, depending upon scales and focal lengths, are given 

‘Exposure is the name applied to the quantity of light equal to the product 
of Illumination of the photographic film and the duration of exposure time (time 
during which the objective of the camera is open). 
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in Table 3. 

Table 3 _____ 

of 2oale of aarial photo 
Focal lantfth of tht 

cunera mm 

Len/jth of run# 

Km 

1: 2000' 
1: >000 
1:10000 
1:25000 

I: 2000-1: 4000 
1: 5000-1:10000 
1:10000-1:20000 
1:25000-1:35000 

70, 100. 200 
70. 100, 200 
70. 100. 200 
70. 100, 200 

5 
IS 
25 
45 

The process of aerial photography can continue for 4-6 hours. At the same time, 

the number of clear cloudless days in a season, can be small - for instance, in 

central and southern latitudes of the Soviet Union excluding winter months, there 

will be 40-50 days. This explains the responsibility of the aerial photographer 

for satisfactory aerial photographing. Table 4 gives the average number of surveying 

days in different regions of the country. 

Table 4 

Ration 
of 

country 

Surveying 
period Winter 

Center 
Urals 
South 
Caucasus 

40 
50 
70 
55 

0 
10 
14 
II 

During large-scale cartography high overcast does not prevent aerial 

photography; therefore the number of surveying days is doubled. 

Basic photogrammetrlc requirements for aerial photography in reference to 

topographic cartography include: 

1. Axes of runs must be parallel to assigned lines (frames of trapezoids, 

lines of orienting points, valleys, etc.) with precision of +0.015 M, corresponding 

to 15 mm in the scale of the aerial survey (M - denominator of the scale of 

photographing). 

2. Runs must be rectilinear. Nonrectilinearlty causes change of transverse 

overlap. 

Displacement of principal points of aerial photos from the line connecting the 

principal points of the first and the last aerial photos of the run should not 

exceed 3 cm, i.e., 3% for the case when the length of the line on the rough 

mounting of aerial photos is equal to 100 cm. 
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3. Longitudinal overlap of aerial photos in % is established in accordance 

with requirements of completed work and can have the value: 

*2 + 38¿ 

m + 20¿ 
90+ 10 JJ 

with minimum permissible 56, 

7«. 

89. 

where h is the greatest elevation of points of terrain above the average plane and 

H is the height of photographing. 

Hence it is clear that during survey of mountain terrain longitudinal overlap 

of aerial photos should be near 90Ï. 

4. Transverse overlap of aerial photos, in %, for the various scales of 

aerial photography is: 

1:10000—1:24000 .qu.i u> 34 + 66^: 

1:25000-1:34000 32 + 68^ ; 

1:35000 30 + 70^. 

5. Edges of aerial photos must be parallel to the axis of the run. The 

nonparallelism of sides of the aerial photo to the axis of the run should not 

exceed 5°, since with a greater angle the processing of aerial photos is complicated. 

6. The height of photographing above the average plane of the surveyed section 

should not deviate from the assigned value by more than 3t over plains and by 5S in 

mountain regions, and heights of photographing to 1000 m should deviate not more 

than 50 m. 

7. Elevation of the station of photographing should be fixed by a statoscope 

(at a height of 2000 m elevations are obtained with an accuracy of 0.7-2 m). 

8. Angles of tilt of aerial photos (f^ * 1^0 mm and less) should not exceed 

lo30' and, as an exception, 2°. The number of aerial photos with angles of tilt 

more than 2° should not exceed lOÏ of their total number on the surveyed section; 

in accordance with this, aerial photos with angles of tilt over 3° (at fk ■ 200 mm) 

are not accepted. 

Sometimes angles of tilt of aerial photos are obtained with great accuracy. 
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por instance, with leveling of the aerial camera with the help of a level they can be 

on the order lo30,-0°iia'. 

The fulfillment of point 8 should be not only the aerial photographer must 

work, but also the flight engineer [?], since during a survey flight the aircraft 

changes its position in longitudinal direction up to 5° due to expenditure of fuel. 

With gyroscopic setting of the aerial camera the mean value of longitudinal 

and transverse angles of tilt of aerial photos is 10-12’;when their limiting value 

is allowed equal to Io; 80-85* of the aerial photos have angles of tilt on the order 

of 20'. 

9. The photographic quality of aerial negatives should satisfy the following 

of requirements: 

a) Fog (Dq) should not be greater than indicated by the factory: 

b) minimum density (Dmln) °n the edge of the aerial photo in a 0 2 mm circle 

is within the limits 

0y.»4+CMS±O.tS); 

c) contrast ratio ( y) lies within these limits: for mountain terrain 

Y ■ 1.0 ‘ 0.25, for remaining regions y ■ 1.5 * 0.25. 

d) cloud formations or shadows from them, scratches, spots, streaks, or spots 

of light should not prevent completion of photogrammetric work with the necessary 

accuracy. 

e) fixation and washing unexposed aerial film should ensure its long-lasting 

storage. 

Por manifestation of the quality of aerial photography the aerial photos are 

assembled on a plywood board of large dimensions (2 * 1 m) in such a way that 

analogous contours of aerial photos coincide. Then the percent of longitudinal and 

transverse overlapping of aerial photos is checked, the angles of relative and 

external tilt of aerial photos are determined by means of a field stereometer on 

the basis of measurements of transverse parallaxes and readings of the 

statoscope, and then measures for elimination of deficiencies of aerial photography 

are outlined. 

Conditions of aerial photography. For production of aerial photos useful for 

cartography, stability of the course the aircraft is following and horizontal 

position of aerial photos at the time of photographing are necessary. In the 
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meantime a number of factors of physical and technical order disturb the mentioned 

conditions. These include the wind, (its direction and intensity), the speed of 

the aircraft, and the displacement of its center of gravity after expenditure of 

fuel. 

Wind velocity at the height of photographing can reach angle as far as the 

path of flight to the course of the aircraft, cause change in aircraft position 

and the course of its path. Therefore during prolonged flights one must repeat 

measurements of drift angle and groundspeed. With a change in the magnitude of 

drift of an aircraft the aerial camera is turned correspondingly. 

Qustiness of the wind appears in irregularity of lift strength of wings of the 

aircraft. If one were to look from rectilinearly travelling aircraft through the 

perpendicularly located viewfinder to the earth, one can be certain that the ray 

of sighting would trace a zigzag line. The aerial camera is inclined together with 

the aircraft and only the brevity of exposure (I/50-I/50 sec) ensures necessary 

sharpness of image of the site. 

The execution of high quality aerial photography requires the application of 

special aeronautical Instruments [6]. 

I 6. Aircraft 

The speed of the aerial survey aircraft should be from 100-350 km/hr, and 

the greatest altitude of its flight should be 6-8 km (during aerial photography of 

mountain terrain). 

The cabin of the aerial photographer should be adjusted for viewing the 

terrain in all directions. 

Por training purposes and surveys in scales of 1:2000 to 1:17,000 single-engine 

aircraft are used (AN-2); for surveys in scales of 1:17,000 to 1:60,000 twin- 

engine passenger aircraft (LI-2, IL-12 monoplanes) are appropriately equipped. 

In Table 5 characteristics of aircraft used during aerial photography are given. 

In aircraft LI-2 and IL-12 the aerial photographer is in the navigator's 

section in direct proximity to the pilot and flight mechanic. The radio operator 

and flight technician with the aerial camera are in the central cabin. In the 

rear part of the aircraft there is a dark cabin for reloading cassettes of the 

aerial camera with unexposed aerial film. Por the purpose of creating the best 

surveying temperature conditions, during survey at high altitudes the walls of the 
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cabina of some hatches are sealed with plane-parallel glass, thickness to 20-25 mm 

(taper up to \20”). Thus in the aircraft IL-12 there are three glass hatches, 

of which the main one has dimensions of about 500 * 500 mm. Therefore photographing 

can be carried out simultaneously by two or three aerial cameras. 

Table 5 

Characteristic 
<o 

AN-2 

Power of motor, horsepower 
Surveying speed, km/hr 
Rate of climb, in minutes 
to 1000 m 

2000 m 
3000 m 

Celling, m 
Takeoff run, m 
Landing run, m 
Range, km 
Crew: first pilot 

second pilot 
flight mechanic 
radio operator 
aerial photographer 
flight technician 

820 
160 

6 

13 
2k 

5200 
200 
120 

2000 
1 

1 
1 

Type of aircraft 

LI-2 

2 x 820 
220 

2 

IL-12 

« 1530 
300 

if 
10 
16 

5750 
1»30 
430 

2000 
1 
1 
1 
1 
1 
1 

9 
17 
26 

6000 
i:50 
780 

2300 
1 
1 
1 
1 
1 
1 

In the equipment of an aerial photography expedition there are 1 to 3 aircraft. 

An airport is selected on the territory of the surveyed region not further than 

20-^0 km from the base of the expedition. It is preferable to have the airport In 

meadows with low grass; sandy or dusty airports are not permissible, since dust 

lifted by the propellers harmfully affects mechanisms of the motor and the aerial 

camera. 

t 7. Aerial Cameras 

During aerial photography for cartography it is possible to use single-lens 

and multilens aerial cameras. Prom 192^-1930 single-lens aerial cameras with 

angle of field of view of 62° were used (for creation of maps in scales 

1:50,000-1:100,000). On aerial photos there were depicted small sections of the 

terrain. Therefore, to increase the area photographed during one exposure, there 

were created aerial cameras with 2, 3, 5, and 9 objectives. Of small application 

in the USSR were the four-objective aerial cameras by which it was possible to 

-19- 



photograph the terrain forward, downwards, to the right, and to the left from the 

flight line, and also aerial cameras with 9 objectives with a total angle of field 

of view equal to 1^0°. The central aerial photo was obtained as vertical, and the 

lateral ones as oblique photos. 

As investigations showed, the angles of tilt of the principal axes of chambers 

of the aerial camera with respect to the principal axis of central chamber, as a 

result of inaccuracy of assembly, could differ from assigned tilts (for instance, 

45°) by 5-8'. To eliminate their influence on map accuracy was required additional 

work during laboratory processes of treating aerial photos. This explains why 

certain designers strove to construct multilens serial cameras, in which aerial 

photos were obtained with the help of prisms or mirrors on a single film. Another 

advantage of such a solution consisted in the fact that only one cassette was 

required for the entire assembly. However, multiobjective or multiple-chamber 

cameras were used for a short period (1928-1935), since the obtained oblique 

aerial photos, having considerable variety of scale of image over the field, 

complicated the processes of map creation. The angle of field of view of the 

assembly on the whole and, consequently, the reduction of flight-surveying hours, 

are very significant in aerial photography in northern, poorly accessible regions. 

With the appearance of aerial cameras with wide-angle and super wide-angle 

objectives, multiobjective aerial cameras lost their value, expeclally for large- 

scale cartography. 

The great variety of existing aerial cameras leads to the necessity of 

classifying them. 

It is possible to establish the following criteria of classification: 

purpose, angular field of view, magnitude of focal length, by type of film used, 

by frame size, by principle of operation, method of film levelling, and other 

criteria. 

According to purpose aerial cameras are divided into topographic and 

nontopographlc classifications. 

Topographic aerial cameras have great angle of field of view and give high 

accuracy of image on an aerial photo. 

In construction they are complicated since they have automatic-action 

exchangeable cassettes and must ensure constancy of elements of internal chamber 

orientation. On the photography there are fixed coordinate marks, the value of 
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focal length, etc. 

The aerial camera la fastened in the aircraft above an opening In the floor 

(hatch), covered by shutters. The dimensions of the hatch depend on how wide-angle 

Is the objective, the thickness of the floor, and the allowance for oscillations of 

the aerial camera *5°. 

The aerial camera with the photographic set-up occupies an area In the cabin 

of approximately 500 * 700 mm and up to 500 mm In height. In the aircraft LI-2 the 

apparatus Is located near the entrance door of the passenger cabin, but in small 

aircraft It Is In the central part of the cabin of the aerial photographer. 

The aerial camera should ensure the obtaining of clear aerial photos over the 

entire field through equal intervals of time and should operate reliably in 

conditions of vibration and large temperature oscillations. 

Work with the aerial camera should be simple. Therefore automatic mechanisms 

are used for frame replacement, to shutter, winding of the aerial film, its 

levelling, etc, are used. 

At present the camera most perfected is the topographic camera APA-TE (AGA-T3) 

(Pig. 7). The APA-TE unit consists of the following parts: frame cassette, and 

command instrument with electric drives. The 

camera is located on a camera mount [16]. 

The frame (Pig. 8). The frame has the form 

of a cylinder of one or another height, 

depending upon the magnitude of focal length 

(36-500 mm). It endoses cone the lower part 

of which contains the objective, shelter, and 

auxiliary frame of size 180 « 180 mm. 

The auxiliary frame has coordinate Marks 

in the form of triangular flanges. Lines 

drawn through the summits of the marks intersect 

at the principal point of the aerial photo. In 

the corners of the frame auxiliary objectives are located recording the readings 

of the level, the time, and sequence number of the aerial photo. Circular 

graduation lines of the level are marked with the interval of l°and present the 

possibility of estimating angles of tilt of aerial photos with an accuracy up to *5'. 

Pig. 7. 
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By the photographic image of the clock it is possible to count off the extent of 

exposure with accuracy up to one second. 

The frame contains the shutter-drive assembly in the form of an MS-160 

electric motor (26 v, 15 wt, I60 rpm). 

Aerial survey objectives. The front and rear nodes serve as centers of 

projection of the objective. Between the optical components of the objective there 

is an air gap unllized for accommodating the blades of the 

shutter and sometimes a light filter. 

The aerial survey objective is characterized by the 

angular field of view, the magnitude of focal length f, 

the degree of accuracy of the image (distortion), resolving 

power, and distribution of illumination over the field of the 

image. 

The characteristics of objectives applied in the AFA-TE (Fig. 9) are given 

in Table 6. 

Fig. 8. 

Pig. 9. 
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Table 6 

No. 

jpoo*! 
Type of otJ«ctlv« 1 en.-Pth Field of 

l«it in 
(logreo* 

H«1 atlv* 
kpdrtur* 

RMfolvlntf fJOiTír, 
linos/ mm 

wm in 
th# 

o-int'.-r 

on 
tho 
OU/'« 

1 
t 
1 
4 
1 
• 
? 
• 
• 

Or* oniar-1 J 
1 afar- 3 
Rucsar-pl azmai 

R UBBBT^35 
Rusaar-43 

Ruaiai*» 33 
Hussain 29 
Rodina»»2t 
Rus**f^Jf3 

too 
aao 
300 
TO 
140 
100 
70 
15 
50 

30 
40 
05 
55 
55 

10« 
133 
133 
140 

1:7 
1:0 
1:0.8 
1:0 
1:0.0 
1:0.0 
1:0.5 
1:5.3 
1:7.7 

50 
55 
45 
55 
55 
55 
35 
50 

10 
50 
34 
S3 
15 
10 
13 
13 

Objectives with f of 500 to 200 mm at present are used in aerial photography 

for purposes of interpretation of aerial photographs [3], t1*], and aerial 

photography of cities. Objectives with f of 1*10 to 100 mm can be used during 

surveys of mountain terrain. Objectives with the largest application in the USSR 

are ti.ose with f ■ 70 mm, useful for surveys of terrain with various forms of 

relief (hilly, plains, and others). 

Objectives with f ■ 55 mm are used for surveys of plains; objectives with 

f ■ 36 mm [16] are intended for geophysical aerial surveys and for mine and 

geological surveys; furthermore they are used during surveys from low heights; 

at the present time they are not used for cartography. 

In Pig. 9 shows diagrams of certain of these objectives. The calculated 

distortions of the image given by them does not exceed 0.01 nun. In practice 

on edges of the field this distortion can sometimes be 0.03-0.01* mm. 

Distribution of illumination over the image field of objectives 1-3 occurs 

according to formula 

where EQ and are the illuminations in the center and on the edges of the field, 

respectively 6 is half the angle of field of view. Irregularity of distribution of 

densities over the fielet of the negative can be corrected during the prir.ting of 

positives from it. 

Objectives *)-8 ensure light distribution over the field of the image according 

to the formula 

(13) 
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An object!»* of type Rusear-38 gives still better light distribution. 

An intrinsic property of Russ*r-3d serial photography objectives is the 

connection of angles of entrance and output of pencils according to the law of 

tangents} according to this Ij-J, . a, where k • 1.5 - 2". Tb-reior* the angle 

of • 'sldenc* of a ray with the surface of the filn on t>* edge of the image does 

not exceed 50-60* which facilitates the conditions of obtaining an exact image and 

improves distribution of illumination of the field. 

Decrease of distortion can be ensured by application of precalculated clamp 

glass. On clamp glass there sometimes is plotted a centimeter grid in the form 

of crosses for gprposes of calculation of the influence of distortion of unexpoaec? 

*•***•1 Mim (for instance( as is don* in on* of the foreign aerial cameras - the 

Williamson). 

ftlMtlffr» ^ *•»* numerous types of shutters available, the louver and intralens 
types are us«d at present .’n Soviet topographic aerial cameras. In Fig. io shows a 

diagram of a louver shutter. Its blades at the time of 

•exposure take a position parallel to the principal ray and 

upright) after further revolution the blades, overlapping 

one another, dose the objective. 

The APA-TS with cones with fk • 350 and 500 mm, louver 

shutters with optical efficiency of 62S and exposure to I/300 

sec are used. 

*• remaining sones Intra lens shuttsrs of systsm N. P. Vertlporokh (ZV-l and 

NRfWl) «ni intralens high spesd shuttsrs developed by S. p. Shokln and 0. a. Gordon 
•re use«-. 

m ‘if 

IR ri«# 11 «ho»» ♦ m dltgrM of tho four-blade shutter 2V-1 of reversible 

movement. 

^ Mevcment of parts of the shutter is carried out by oscillation of flat spring 1, 

bn* end of which is secured and the other enters a recess in ring gear 2. The 

spring has a moveable support in ease It, with the help of which the length of 

exposure is 6hanged. 

The shutter is cooked by cam 3, having clockwise rotation} along with this the 

guide of the ring turns it, bends spring 1 and turns four gears with blades 13 to a 

position at which the aperture of the objective still remains covered. 



Pig. 11. 

Finger <1 of cam 3 deflects stopper pawl 7 fro:' ring gear 2 by means of lever 5* 

Its flange goes behind the stop of lever 10 during this. 

When cam 3 frees the guide of the ring, it rotates under the action of the 

cocked spring. The ring revolves the gear with blades up to the moment at which 

the aperture of the lock is opened. During backward motion of the ring and blades 

shutting of the shutter aperture occurs. 

Further movements of the ring is limited by pawl 7, in which rests flange 11 

of the ring. The turn of pawl 7 to the necessary position is carried out by spring 

8 when finger 12 of the ring strikes on lever 10. 

Sprlnfts 8, <9, and 6 return pawl 7 and levers 10 and 5 to the initial position. 

Exposure time is changed from 1/^5 to 1/120 sec by shifting the nut for 

reduction pf length of the working part of spring. Efficiency of the shutter at 

light diameter 13 mm approaches 90S. An experiment showed reliability of 

oonstruetlon even after 20,000 exposures, which is explained by the excellent 

damping of oscillatory movement of the spring. 

Aerophotosurvey from heights of 500*1500 m and aircraft speeds of 200-300 km/hr 

requires exposure time of ^/100-1/500 sec, which the above-described shutters are 

not able to ensure. Hlgh-tipeed intralens shutters (Pig. 12) [ZBS] (3BC) solve 

this problem. In shutter ZBS the aperture of the objective is covered by three 

disks A, B, and C with lateral slots, and blade D. 

-25- 



Electric motor M, obtaining an Impulse from the command Instrument, continuously 

revolves annular gear 1 and cam 2, through a system of gears periodically striking 

against lever 3. 

Disks are set on gears with the ratio of angular velocities 6:^:3. Through 

‘j.5 turns of disk A, blade D, which is attained by the support of cam 2 on the 

arm of lever 3 of the blade, will start to be opened. After 0.5 turn of disk A 

it will open aperture 4 of the objective completely. 

On the sixth turn of disk A the slots of all 

disks wixl coincide and exposure will occur. At the 

diameter of aperture of the objective of 30 mm, 

optical efficiency of the shutter is equal to 0.755. 

Exposure can be established from 1/30 to 1/1000 sec 

by changing the rpm of the electric motor. It is 

necessary to note that uurlng one cycle of work of the 

shutter disk will make 60 turns. 

The extent of exposure time is set by hand by 

changing the voltage fed to the rotor of the motor 

as a function of illuminance of the terrain. However automatic regulation of 

exposure time Is possible, using special light-sensitive devices. 

The cassette Is a mechanism which winds, levels, and stops the aerial film. 

Depending upon the type of construction the full cycle is completed in 1.4-4 sec. 

Winding of aerial film is done by an electric motor and is regulated In some 

constructions by lever attachments, and In others by measuring shafts. Since 

the length of the aerial film Is about 60 m, the diameters of the supply and takeup 

spools with aerial film changes within a large range, which complicated the 

cassettes mechanisms with lever attachments. Cassette mechanisms with measuring 

shafts are simpler; the length of the circumference of the shaft Is equal to the 

length of one aerial photo, taking Into account the free space. Fig. 13 shows 

the diagram of such a cassette used in 

the topographic aerial camera (AFA-TE). 

Measuring shafts In it have electrical 

contacts for timely completion of one or 

another process of work of the cassette 

Fig. 13. 

tf 

Fig. 12. 
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Flattening of aerial film into a plane can be executed by several methods: 

a) clamping the aerial film by means of a plate to a plane-parallel glass if 

the angle of field of the aerial camera does not exceed 60°, or to a plane-concave 

lens with angles of field up to 120°. Such flattening is used in experimental 

types of aerial cameras of I960 ■'Tsue; 

b) air pressure on film, pressed into the space between the objective and the 

film (pressure of 20-25 cm on a water column); 

c) suction of film to the plane of the clamp "table" by means of a Venturi 

tube fastened on the outside of the aircraft. 

The first method gives very good results, but only with complete removal of 

dust, which causes fast abrasion of the glass surface; with plane-concave lenses 

the difficulties arise in centering them, and there occurs a loss of light up to 

12-19¾ (at f^ « 100 ... 70 mm). 

The air pressure method, used in certain Zeiss aerial cameras, requires the 

presence of a very powerful pressure table, since the total pressure reaches up to 

6.5 kilograms on it, and on walls of the chamber is still more, which causes 

distortion. 

The suction method does not have such disadvantages. Flattening aerial film 

into a plane starts from certain tension and pressure of its spring (up to 5 

kilograms) to the auxilliary frame. Then starts the suction of unexposed aerial 

film to the surface of the table, having a series of perforations (<£ 0.8 mm) and 

channels, located through 15 mm. The obtained accuracy of film flattening is 

equal to 0.01-0.02 mm. The table surface and auxiliary frame should be prepared with 

the same accuracy. 

Rotation of spools of the cassette is produced by an electric motor, analogous 

to the motor of the frame. 

Camera mount. The purpose of the camera mount is to give the aerial camera a 

horizontal position, to turn it by the lead angle and to decrease the influence of 

vibration of the aircraft on the sharpness of the image. 

The camera mount consists of a ring and Cardan frame, provided with lifting 

screws, and a base on shock absorbers (mainly, springs). The latter are fastened 

to the floor of the aircraft. The aerial camera, provided with rollers, is located 

on the inside ring, enabling a change of angles of rotation. There are camera 
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mounts which consist of a ring on three lifting screws and repetition ring for the 

aerial camera. 

The camera mount should ensure levelling of the aerial camera within limits 

of *7° in any direction and its rotation in a horizontal plane at angle k * ‘30°. 

It is possible to fasten the AFA-TE either to the three-point type camera 

mount or to the gyrostabilizing installation H-55. 

Continuous adjustment of the camera mount is executed by the flight technician. 

With the help of a level located above the cassette it is possible to establish the 

aerial camera horizontally. Application of a gyr,ost8blllzing installation sharply 

improves results of a survey. 

Command Instrument. For establishing intervals between cycles of work of 

the cassette mechanisms and the body of the aerial camera a command instrument 

containing a mechanical or electrical interval meter is used. 

The topographic comn$nd instrument KPT-3 (Fig. I1*), prqjduced by TsNIlQAiK 

(Central Scientific Research Instltude of Geodesy, Herophotogeodesy and Cartography) 

is intended for pulse circuit aerial cameras; it contains an electric motor 

(MN-145) with 10-watt power and 111 rpm on output axis and working at a voltage 

of 25.5-28.5 V. The centrifugal regulator ensures constancy of speed of motor 

rotation and, consequently, the correct establishment of intervals between 

exposures. . 

The axle of the electric motor sets two cams in rotation. If the first cam 

is engaged in work then the ratchet wheel it sets into work gives a range of 

intervals from 5 to 100 sec with intervals of 1 sec. If 

we include the second cam, thè range of Intervals will be 

1-20 sec with 0.2 sec intervals. 

The length of the period of start-stop operation of 

the output shaft of the command Instrument depends on 

the angle of movement of pointer 4, established by the 

limiter the control knob for the instrument dial. As a 

result of this set-up the ratchet wheel mechanism presses 

on the starting lever in good time and looks the microswitch, 

sending an impulse to the aerial camera. 

Due to this there is set the distributive mechanism of the aerial camera, 

I 
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connected in turn with the cassette mechanism is set in motion shutter, exposure 

counter, and with contacts of the electric motor of the cassette and small electric 

lamps. Prom the control instrument impulses also go to lamps of the photorecording 

system of the statoscope and radio altimeter. The control instrument should execute 

exactly the work cycle of the aerial photography assembly. Investigations of 

existing types of control instruments, for instance, the KPT of the plant r^ 

aerogeodesic instruments, indicated accuracy of cycles on the order of 0.5 sec. 

With transition to large-scale cartography from low altitudes it is necessary to 

increase the accuracy of time intervals between cycles of intervals to 0.1 sec. 

Such accuracy is ensured by the above described control instrument KPT-3- The 

instrument has small dimensions and weight (2.7 kg) knob 1 engages a shutter for 

separate exposures; in window 2 there is observed the exposure counter; shaft 3 

establishes time intervals, counted off by pointer 4. 

Among foreign designs the Fairchild topographic aerial camera T-ll with the 

PlanJgon objective f ■ 152 mm is well-known. The cassette contains a spool with 

film for 450 aerial photos. The intralens shutter gives a small exposure time. 

The automatic aerial camera Wild RS7-a, which photographs on plates is well- 

known. The absence of distortions on glass negatives presents the possibility 

of applying them for spatial phototriangulating and other especially exact work, 

ihe infragon objective is set in the aerial camera f - 100 mm and relative 

aperture 1:5.6, and size of plates 150 * 150 mm. They are in two cassette boxes, 

40 plates each. The viewfinder is the central part of the aerial camera. 

For execution of very exact photogrammetric work film aerial cameras are 

used which have glasses a grid through 10 mm. Here there is the possibility of 

calculating the influence of distortion 

of the objective, and the error.? due to 

lack of flattening of film and its 

accidental distortion. 

In Fig. 15 gives the diagram 

of the objective Russar-54c in the 

Soviet aerial camera AFA-TES-7 with 

fk « 70 mm. 
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5 8. Aeronautical Instrumenta 

Aeronautical instruments used in aerial photography ensure rectilinearity of 

runs, assigned overlaps assigned heights of photographing anã horizontal position 

of aerial photos. Certain instruments (radio altimeters, statoscope, gyroscope) 

permit determining the elements of external orientation of aerial photos in the 

process of aerial photography. 

1. Shadow Course Indicator 

The shadow course indicator serves for laying out rectilinear runs. 

This instrument is based on use of the solar shadow Incident from a vertical 

rod on an evenly revolving travel limb. The main parts of the instrument (Fig. 16) 

are the base, electromagnetic drive travel limb, azimuthal limb, 

mirror, and rod. 

On basis 1 is located solenoid 2, ratcher 3, revolving 

through screw worm gear i». The latter rotates vertical axis 5, 

which arries frictionally set limb 6 of frosted glass with 

designation of compass points (N, S, W, E) and 12 auxiliary 

courses. Shadow from pin (gnomon) of axis 5 drops to the 

limb; it is visible through mirror 7 from below. From current 

pulse proceeding from the control instrument the solenoid sets 

in motion the travel limb and azimuthal limb 8. Head 9 serves 

for establishment of initial position of limbs. 

The travel limb revolves with speed of 15° per hour, which 

is equal to the speed of the apparent motion of the sun. If the aircraft flies 

in a straight direction, the shadow does not depart from the established course. 

With a shift of the shadow from the mark of the travel limb, corresponding changes 

are introduced in the course of the aircraft. The shadow course indicator is 

situated behind the pilot in the center of a transparent sphere of the ceiling and 

is in a horizontal position. Before the pilot there is an easily oriented mirror,, 

in which the shadow from the gnomon, superimposed on the travel limb, is observed. 

Of wider application is the potentlometric distant-reading compass, located 

in the tail of the aircraft, where there are fewer magnetic masses. An instrument 
* 

of this type, for Instance the PDK-45, looks like a vessel on Cardan suspension. In 

the vessel is a compass rose with three contact brushes, Joined through the 

Fig. 16. 
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pote itiometer by wires with an indicator located in the cockpit. Por correct 

operation of the compass it is first of all necessary to eliminate its deviation. 

2. Deck Optical Viewfinder 

The most convenient instrument for determining the drift angle and speed is 

the deck optical viewfinder, fastened in the floor of the aircraft (Pig. 17). 

In the instrument complex are the telescope, universal pivot, stop watch, 

and electric cable. 

Rays from points of terrain proceed through prisms 1 and 2 to objective 3, 

focusing the image of the terrain on the glass surface of level 5. The level 

tube bubble with diameter up to 5 mm Jointly with the image of 

the terrain is projected by system 6-7 onto grid 8 with circular 

and rectilinear scales in direct image, observed through 

eyepiece 9. The field of view of the system is equal to 30°, 

magnification is 1.2X; length of telescope is 1070 mm. 

Por observation of reference points located on the basic 

flight line, it is possible by turning prism 1 to deflect the 

ray of sighting from -15° to +75°. 

The telescope is fixed to Cardan fastened to tne upper 

part of the universal pivot, built into the floor of the aircraft 

The upper part of the pivot can revolve by angles from 0 to 360° 

and secured by a foot pedal which permits establishing the line 

of the focal grid of the viewfinder in the direction of the 

line of flight and determining drift angle of the aircraft. 

Angles are counted off on a scale plotted on the neel pivot 

with an accuracy up to Io, and reported to the flight technician for correction 

of the aerial camera position. 

Por establishment of the assigned longitudinal overlap the ray of sighting 

is inclined forward at angle according to the formula 

Pig. 17. 

(1^) 

where Bx is the base on the terrain between projections of centers of aerial 

photos, and H is the height of photographing. 

According to the time of passage in telescopic sight of the shown base the 
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interval between exposures Is established and, consequently, the percent of 

longitudinal overlap of the aerial photos. Time reading is taken on the stop watch, 

fastened to the Instrument. 

From the movement of the outline of the terrain along the focal grid of the 

scope the parallelism of edges of the cassette of the aerial camera to the axis 

of the run ( “ 0) is simultaneously established. 

3. Sighting Pendant 

The sighting pendant, used for determining the value of transverse overlap 

of aerial photos, is fastened on a bracket in the center of the transparent spherical 

windows of the navigator's section. In Fig. 1Ö is depicted the usual type of 

sighting pendant to B-3- The instrument consists 

of a frame and inclined ranging rod; it has small 

dimensions on the order 100 * ^0 mm. Establishing 

the plane of sighting for the angle corresponuing 

to the position of the center of the neighboring 

run, the aerial photographer Intersects the 

necessary reference points and marks them on the 

map. These reference points are used when laying 

out the neighboring run on the aircraft's reverse 

course. 

Turn-setting Device 

To line upon the next neighboring run route the aircraft sometimes must make 

complicated turns, especially during large scale aerial photography when runs are 

not a great distance from each other. Since it is expedient to establish the path 

of the aircraft in this case from arcs of the circumferences, we use methods of 

approach according to a turn-setting device. Instrument KZL-3 represents a 

frame-limb (180°) with two rods revolving near the center, with length up to 

300 mm, fastened at a 90° angle. The rods are established on one or another 

precalculated bank angle and the pilot sights through a rod to the visible 

skyline and the aircraft is held in a slanted position until the rod covers the 

line of the horizon. As a result of these actions the aircraft completes a path 

along the arc of the circumference of a determined radius. In Fig. 19 shows lines 
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of approach of the aircraft from one run to another. These runs,1 consisting of 

straight lines and arcs of circumferences, are selected depending upon the distance 

between them, speed of the aircraft, and speed and direction of the wind. With 

simultaneous use of a sU. watch the turn-setting makes it possible for the pilot 

to correctly construct the elements of approach to the following run. 

5. Altimeter 

Por production of aerial photos of a certain scale the aircraft rises to the 

corresponding altitude, determined by the altimeter. For fixing of the flight 

profile an altitude recorder is used (Pig. 20). It consists of drum 1, steadily 

revolving by means of clockwork; block of aneroiu 

boxes 2; and mechanism of transmission to pointer 

3 with a pen filled with non-freezing and non¬ 

drying ink. The pen continuously traces the curve 

of altitude fluctuation of the aircraft (barogram). 

The barogram depicts the degree of adherence to 

the assigned flight altitude during aerial 

photography with a precision of ‘50 m. 

Radio altimeter. For determining altitudes 

of stations of photographing with respect to 

the earth's surface an impulse radar installation - 

radio altimeter — is used. It consists cf a 

transreceiver working on short wave (66 cm), an 

indicator, the main part of which is an electron-beam tube with annular scan, a 

small electric motor, two antennas, and a cable. Radio altimeter readings are fixed 

1 A. P. Lyubimov. Approaches to the subsequent run for large-scale aerial 
photography. Moscow., Qeodezizdat, 1952 (Transactions of TsNIIQAiK(Central 
Scientific Research Institute of Geodesy, Aerial Photography, and Cartography), 
Issue 89). 
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on a narrow film by a photorecorder synchronously with statoscope readings. Radio 

waves are emitted by an altimeter as separate Impulses. Being reflected from earth's 

surface (vegitation Is not an obstacle), the radio waves enter the receiver. At the 

time of transmission of radio wave impulses a secondary voltage appears on the 

electrode located in center of the screen of the electron-beam tube, as a result 

of which the electron beam is deflected from the luminescent circular scan 

circumscribed by it and gives a "blip". With the reception of reflected radio 

waves on the central electrode of the tube there also appears an additional voltage 

provoking a subsequent "blip". Its distance initial blip corresponds to distance 

from the aircraft to the nearest point of terrain. The screen of the Indicator has a 

scale of distances with the value of the Interval of 20-10 m. The type reading of the 

radio altimeter is depicted in Fig. 21. The blip near the zero reading, corresponding 

to the distances with a multiple of 1500 m, is not taken1 

into account, but the one adjacent to it, which moves in 

the clockwise direction, corresponds to distance D from 

the aircraft to the closest point of the earth's surface. 

Distance D is determined by photo recording tape with the 

help of a magnifier or projection lantern. 

In order to obtain H, the height of stations of 

photographing, i.e., the distance from the aircraft to 

the earth's surface along the direction of the optical 

axis of the aerial camera, it is necessary to determine the correction AD and to 

place it in the formula 

H=D+ID. 
(15) 

where D is the radius of the sphere touching the earth's surface at the point 

nearest the aircraft, counted off by radio altimeter readings. 

Correction AD is determined as the result of corresponding measurements of 

aerial photos on the stereometer. 

Radio altimeter readings are very valuable in small-scale and medium-scale 

cartography, during construction of photopolygoncmetric nets, and in carrying 

out other forms of work. 

At present the topographic radio altimeter RVTD of deoimetrlc range of waves 

is used; it has a scale with units from 0 to 500 m. The smallest division 

1 in altimeter RV-10 and in RVTD the initial blip is located at zero of the 

scale. 



correspond» to 5 m. which permit, calculating altitude with precision of 0.5-1.0 m 

The emissive power of the RVTD is 20 times more than that of the RV-10 (it is 

equal to *50 watts) and the scale is increased three times. 

The blue glow of an electron-beam tube is used, improving the conditions of 

photographing of the scale. The electrical part of the circular scan is done so 

that the trailing edge of the initial blip is eliminated and the steepness of 

subsequent blips is increased. 

The photorecorder (ARFA-7) consists of a chamber, illuminator, and two 

cassettes fastened on a common chassis (Fig. 22). 

On the drawing: 1 - RVTD; 2 - illuminator of the electron-beam tube scale; 

3 - chamber, the objective of which has f’ - 50 mm,and relative aperture 1:2; 

* - block of two cassettes; 5 - chassis; 6 - electric 

Fig. 22. 

cord for power supply of the mechanisms. 

Film, 61.5 mm wiae and 20 m long, ensures exposure 

of 300 frames synchronously with the exposures of the 

basic aerial camera AFA-TE. On the film in the corner 

of every frame are recorded the readings of a clock 

with second hand, strictly coordinated with the clock 

readings of the AFA-TE. 

6. Statoscope 

For certain photogrammetric processes it is necessary to determine the altitude 

differences of air stations with great accuracy. Statoscopes working synchronously 

with the aerial camera solve this problem very successfully. 

The statoscope, based on the principle of measuring the difference of air 

pressures, was first developed by the great Russian scientist D. I. Mendeleyev. 

The instrument (Pig. 23) consists of a v-shaped manometer tube (*), containing 

isoamyl alcohol; leg (3); triple-vent tap (2); and 

bottle (1) placed in a thermostat (vessel with double 

walls, between which there is a vacuum). One end of 

the tube is always in contact with the atmosphere, 

and the other - with the air mass of the bottle, 

By means of the triple-vent tap it is always 

possible to connect the second end of the tube with 

the outside air and thereby to bring the liquid in 
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both legs of the manometrlc tube to the manometrlc tube to the same level. If the 

tap Is then closed, with a change In aircraft altitude the difference Ah will 

appear between the levels of columns of the liquid. This difference is registered by 

the recorder during its exposure. Since the altitudes of aerial photography stations 

usually vary within limits of 10-20 m, the length of the manometer tube will be 

selected appropriately, depending on pressure drops and specific gravity of the 

liquid. During takeoff and landing of the aircraft the statoscope must be turned 

off so that the liquid does not flow out. 

The most modern is the statoscope-automaton of the K. P. Bychkovskiy system 

ri6] working during all regimes of flight without attention by the operator. The 

Instrument consists of two coupled statoscopes, an automatic switching tap, a 

servosystem, and a photorecording camera (Pig. 24). 

Pig. 24. 
KEY: (a) to the Verturl tube. 

In the initial moment of work of the Instrument the liquid levels in the 

statoscope manometer tubes are identical. 

Above the liquid levels are electrodes connected in the circuit of a highly 

sensitive relay connected in turn to an Intermediate electromagnetic relay which 

governs the work of automatic taps. After power is supplied through the electron 

relay one of the parts of the statoscope, for Instance the left, is switched on. 

During this time the solenoid closes the automatic tap. 

After operation of the left relay the other electron tube, for instance the 
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right one can no longer switch on the right relay, since the circuit of the right 

potentiometer is broken and the potential difference between anode and cathode of 

the right tube disappears. Therefore during a change of altitude of photographing 

the liquid in the right statoscope remains unmoving on the former level, when the 

liquid is the left statoscope reaches the contacts and turns off the anode current 

of the left line, the left relay returns to the initial position and the solenoid, 

deprived of power, opens the tap. With this the level of the liquid in the left 

statoscope assumes its initial position. Simultaneously the tube, relay, and 

solenoid of the right statoscope, are switched on, starting to react to the 

continuing pressure drop. 

Fig. 25 shows a diagram of a photorecorder and statogram. Light from lamp 1 

through condenser 2 and mirror 3 continuously illuminates meniscus 4 of the liquid 

from below. The derived luminescent point is projected through objective 7 and 

mirror 6 onto moving photographic film 5 in the form of a curve dependent on the 

pressure drop. The other meniscus is projected onto the same film in the form of 

a point at the time of photographing. 

Fig. 25. 

Simultaneously the menisci of the second statoscope are projected continuously 

and as pulses. Since at the moment of work of the first statoscope the second 

statoscope does not show elevations, the continuous illumination of the meniscus 

gives a horizontal line of the film, while intermittent light during exposure 

gives points on the line. The difference of the distances between the external 

point and curve on neighboring sections, expressed in millimeters and multiplied 

37- 



by the conversion factor q , gives the value of elevation of one station In 
H 

comparison with the other in meters, i.e.. 

âf/Blf» (16) 

where t Is the distance on the film. 

Conversion factor q for the statoscope Is calculated by the formula [16] 
H 

f«-QlMi-PV)+o,5«rfW if) 
where 

Q—SMi+'O- (is) 

Here the number 7991 corresponds to the height of the air column with density 

corresponding to normal pressure and a temperature of 0° at sea level. 

Table 7 gives the values of the components of formula (17). 

Table 7 

Designation of Components of the Formula Designation 
Standard 
Digital 
Qualities 

Magnification of the recording system of 
the statoscope 

Barometric pressure of the flight altitude 
in mm Hg 

External air temperature 

Air temperature in the cabin 

Temperature coefficient of air expansion 

Temperature coefficient of Isoamyl alcohol 
expansion 

Density ratio of isoamyl alcohol and 
mercury at 0° 

Constant of the statoscope 

H 
t° 

‘O 

w 

^53.7 

-15° 

+3°, 5 

0.00367 

0,00117 

0,06125 

0,000048 

At heights of photographing on the order of 2000 m the error of determination 

of elevations by the statoscope attains 0.5-l*0 m. Tnls magnitude depends on a 

number of factors. Including the location of Isobars. If Isobars (lines of 

Identical pressure) In a given region have a slope, then during the period of the 

aerial photography route systematic errors In determined elevations of altitudes 

of photographing will appear. Random errors in d termlned elevations depend on 
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local heterogenities of atmosphere; they appear at low altitudes of flight 

(400-1000 m) which In a number of cases, for Instance during large-scale cartography, 

can prevent use of statoscope readings. 

7. About Instruments for Horlsontallzlng 
[Rectification] of Aerial Photos 

Knowing values of angles of tilt of aerial photos, It Is easier to execute 

their subsequent treatment; therefore Instruments for determination of these 

angles are very necessary. Still a larger value has the direct obtaining of aerial 

photo horizontals. 

It is possible to record angles of tilt of the aerial camera by various methods. 

Let us note the method of photographing the horizon by special camera, Joined 

with a surveying aerial camera. Shutters of both cameras work synchronously; 

therefore, measuring the deflection of the line of the horizon from the line of 

marks, it is possible by the formulas for tying elements of survey and the 

parameters of the camera to obtain angles of tilt of the aerial camera. Accuracy 

of their determination can be up to 10-15'. 

This method has disadvantages, caused by sometimes illegible image of the line 

of the horizon and the necessity of considering elevation of points of terrain in 

the zone of the visible horizon. 

More convenient is the method of determining angles of tilt of the aerial 

camera by.means of an installation Joined with it and consisting of two gyroscopes 

with a photorecorder the so-called gyrovertical). It also gives accuracy of 

determination of angles up to 10-15'• 

The most interesting are methods of automatic leveling of the aerial camera. 

In the 1930's camera mounts with Cardan suspension of the aerial camera were 

developed. In this case the axis of the freely suspended aerial camera was 

established vertically under the influence of its own weight. It was necessary 

to apply movable weight compensators, preserving the position of the center of 

gravity of the aerial camera during rewinding of film in the process of aerial 

photography. The least amount of deviation of the aerial camera from its horizontal 

position attains was %30'. The disadvantage of this method is the great duration 

of damping oscillations of the camera, requiring application of shock absorbers. 

The best solution of the problem is attained by application of automatic 
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leveling of the entire aerial camera by means of gyroscopic attachments. This is 

carried out in the gyroframe (power) gyroscopic system 11-55 for the AFA-TE [9], [17]. 

At itw basis lies the use of the principle of the symmetrical gyroscope with 

three degrees of freedom. For this purpose electric motors of gyroscopes are 

suspended inside two mutually perpendicular frames in such a way that the center 

of gravity of the system is on the intersection of three coordinate axes (astatic 

system). 

During fast rotation of the rotor of the electric motor (first degree of 

freedom along k) the assigned direction of its axis in space (second and third 

degrees of freedom) is retained independently of the position of support of Cardan 

Joints, in the given case of the floor of the aircraft. However, a certain 

amount of friction in axes of suspension of Cardan Joints causes precessional 

movement of the external ring of the Cardan Joint. 

Therefore in the Instrument is applied a correctional device either in the 

form of short pendulums Influencing rheostats of the two electric motors which 

stabilize the platform of the gyroframe, or in the form of a four-contact round 

electrolytic level (Fig. 26). 

In the horizontal position of the gyroframe 1 (Fig. 27) the electrical 

resistances between the contacts and the body are identical. At slopes of 

gyroframe with the level and AFA 5 the resistances change and actuation of the 

correctional motors occurs through an attachment - correction block 2. This block 

contains a relay only to the sign of the signal given by the level. Due to this 

sensitivity of correctional unit of 45" to 2'.5 is attained. Inverter 3 and control 

panel 4 with the assembly are connecteu with installation by electric arles. 

J 

Fig. 26. 
Fig. 27. 
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The N-:5 installation is designed for use with AFA-TE whose objectives have 

focal lengths of 55, 70, 100, 1^0, and 200 mm. In the installation there is an 

autobalancer, consisting of a movable load, preserving the position of the center 

of gravity of the camera during film rewinding. The magnitude of the load is 

selected depending upon the weight of the charged spool. 

The accuracy of gyrostabilization reaches up to 10-15', which significantly 

improves the conditions of laboratory treatment of aerial photos. 

I 9. Factors Influencing the Quality of Aerial Photos 

1. Aircraft Speed 

At high speeds of flight of aircraft and application of slow of wide-angle 

survey objectives, requiring lengthy exposure, noticeable distortions appear. Let 

us assume that (Fig. 28) during the time x the aircraft shifts by the magnitude 

vt (V is the aircraft speed in m/sec), in consequence of which some 

point of terrain is depicted on the aerial pho ) by the segment 

mm2 ■ * ^• 

Sinco 

then 

Fig. 28. (19) 

100 mm, H • 3000 m, t • 1/100 sec, and 61 - 0.02 mm (least measurea 

magnitude^ the aerial photo) the allowed speed of the aircraft will be 60 m/sec. 

At f. 

or 216 km/hr. 

Experiments showed that a certain blurring of the image occurring with an 

increased aircraft speed does not prevent formulation of a chart from aerial 

photos. At considerably high speeds of flight blurryness of the image noticeably 

affects the exactness of the composed chart; this can be eliminated by reduction 

of exposure time. 

2. Oscillations of the Aerial Camera 

Linear shifts of the camera mount do not show up on blurryness of the Image, 

but its oscillations on angle i (during exposure) cause blurryness, the magnitude 

of which is determined by the dependence (Fig. 29) 
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where 

Fig. 29- 

For instance, at &2 

is 
I 
T- 

Isleos?; 

therefore the permissible value of tilt of the chamber is 

equal to 

. (20) 
/• 

- 0.0^ mm, 8 - 35°, and fk - 100 mm, the value of 1 - 1'. 

3. Rotation of the Aerial Camera in Its Own Plane 

Rotation of the aerial camera during exposure taken place due to vibration of 

the camera mount in the horizontal plane or due to shocks. Considering the error 

from rotation separately from the movement of the aircraft, we find the value of 

bluryness (Fig. 30). 

8, = ^T = Tl/JC*+y. (2D 

from which the permissible magnituue of rotation will be 

obtained as 

Fig. 30. T*S VJcM-y (22) 

For instance, at «3 “ 0.04 mm and r * 100 mm the value of > * 1'20". 

4. Flattening Unexposed Aerial Film 

Independent of the accepted method of flattening aerial film in the foral 

plane (by counterpressure or suction), the film is straineo at first and is 

tightened on the edges of the flattening plane; with this the tension should not 

cause any appreciable distortion of the aerial film. 

Another source of error; in aerial photos is waviness of aerial film, caused 

by its not adjoining the flattening plane of the cassette. This leads not only 

to certain blurryness of the image, but also to distortion. Let us suppose that 

as a result of poor flattening circle 6 of scattering was obtained (Fig. 3D, 

depending on the diameter d of the effective aperture of the objective. 
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Then 

from which 

imb- (23) 

At 7 ■ l:íj,and 6u ■ 0.02 mm the value of A will be equal to 0.1 mm: it will 

not affect sharpness of the image, but due to unevenness of the film surface 

distortion of the image occurs, calculated by the formula 

The value of 4C will be appreciable under conditions 
t> 

When the objective is a very wide angle. This error is 

reveeled on the aerial photography base by means of 

stereoscopic measurement on aerial photos in zones of triple 

overlap of dislocation of analogous points relative to a 

straight line located perpendicularly to the line of flight. 

Another method, interpolation of transverse parallaxes as a function of y, namely 

^ is used (see below), 
y 

For general investigation of the influence of cassette mechanism operation on 

film flattening it is possible to apply the method of Docent Ye. P. Arzhanov. The 

method consists in applying a point-source-type lamp in the aerial camera chamber. 

Beams from the lamp, located near the auxilliary frame, cast shadows on the film, 

depending on the waviness of the film and unevenness of the table. Shadows appear 

evendcfrom dust particles on the latter. 

^ 5. Distortion 

The objective should produce an image corresponding geometrically to the 

right central projection. With its distortion the entrance and exit beams are 

tilted to the principal optical axis by angles A W A; when they are known it is 

possible to calculate the true value of r and to compare it with measured r' 

(Pig. 32). 

By the formula 

it is possible to calculate chotogrammetrlc distortion error in various parts of 

-4> 



the aerial photo. To exclude the error due to distortion in photogrammetric 

equipment is complicated; therefore it is perferable to use objectives whose 

distortion is less than 0.02 mm. 

Since image accuracy has decisive value in photogrammetric measurements, after 

« 
rr « 

K \ér 

4 r 
manufacture of the objective its distortion along two mutually perpendicular 

directions is investigated. By means of change of value of 

focal length it is possible to improve the graph of distortion. 

Fig. 33 gives calculated distortions of certain of the 

enumerated objectives. They are very small. 

During the investigation of such objectives, sometimes 

deviation of curves of distortions of the theoretical are 

revealed. Investigation of this question showed that 

Fig. 32. disturbances of theoretical distortion depend on accuracy 

of lens centering, on the intervals between them, and also on the influence of 

mountings on the lenses (due to temperature changes in the survey process or 

deviations from the most favorable focal length). 

Determination of objective distortion can be done 

photographically, using light filters. More exact results 

are obtained than during visual observations 

If the magnitude of objective distortion is larger 

than 0.03 mm it must be then eliminated in the process of 

measurements. One method consists of reverse projection of 

aerial photos through the objective, similar to surveying. 

In the case of orthogonal observation of aerial photos 

there are used (for Instance, in wild instruments) 

compensational glass plates (Fig. 3^)- 

Compensational plates of thickness up to 5 mm have 

surface curves only on the one side. The negatives are 

applied to the flat side. 

JfW 

lav 
Wif 

xSs' 

-aot *0.01 

Fig. 33 

-aot*am 

tri / 

Fig. 3^. 

6. Distortion of Aerial Photos Caused by Curvature of tne Earth 
and Refraction of Rays into the Atmosphere 

In Fig. 35 shows the movement of a tilted ray during aerial photography of the 

-44- 



earth's surface from a high altitude. 

The direction of ray SM1 deviates additionally due to refraction In the 

atmosphere. In conditions of orthogonal aerial photography this deflection Is 

measured in seconds and consequently it Is possible to Ignore it. 

If the height of photographing is H, the point of terrain M, the point of 

the aerial photo m, and the points of geometric conformities and m0, then in the 

system of axes of one another photogrammetric Instrument we will 

obtain 

T-h 
Prom which 

Further from Pig. 35 it follows that 

and 

From wnicn 

iimLmHfgt-Hj;. 

influence of the Earth's curvature is 

In connection with the fact that at present aerial photography can be produced 

at any height above the Earth's surface, the question arises concerning altitude 

limits for execution of topographic survey. 

Example. At r ■ 100 mm, H - 7 km, R • 6371 km and fk - 70 mm, the value 

mm0 ■ 11 mm. 

The value in the same conultions attains %5.8 m. 

Fig. 36 shows the graph of distortions mm0 as a function of different altitudes 

of aerial photography. Great values of distortions of aerial photos due to the 

Earth's curvature make it necessary to face the question of an expedient method of 

But since 

the extent of the 
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using aerial photos for triangulating and treatment of aerial photos for creation of 

maps under conditions of speically high altitudes 

of survey. 

In all given photogrammetric instruments and 

methods it is accepted that the level surface of the 

Earth, within limits of the processed aerial photo, 

or section of small extent and heights to 3-** km. 

for practical purposes Is flat. 

7. Resolving Power of the Objective 

The resolving power of the objective should correspond to the resolving power 

of the emulsion (0.01 mm). However, it is difficult to obtain identical sharpness 

of the image in the middle and on the edges of the aerial photo, since one of the 

aberrations (curvature of field) during calculation of optics sometimes will be 

disregarded for the sake of image accuracy. 

Objectives with an angle of field of view 60-70° sometimes have very large 

resolving power reaching, during visual study of the center of the focal field 

in the microscope, up to 275 lines per mm, which exceeds data of aerial photography 

photomaterials. The latter circumstance makes it necessary to examine the sharpness 

of the image of the hatchured target by photographing on slide plates, distinguished 

by their large resolving power. The number of strokes per mm of image, clearly 

visible on the photograph, corresponds to the magnitude of the resolving power 

of the lens, determined by the formula 

where k is the reciprocal of the relative aperture of the objective, by which it is 

possible to present the expected theoretical quantity of lines per mm. 

According to tests of a series of wide-angle objectives conducted In laboratory 

conditions, it has been established that in the center of an aerial photo 1 mm the 

magnitude of the resolving power does not exceed 40 lines mm and on its, 20 lines 

mm. During aerial photography, in view of engine vibration and other factors 

affecting the aerial camera, the number of lines resolved per mm sometimes decreases 

even more and approaches 10—5 on the edges of the aerial photo. 

The degree of accuracy of combination of the plane of the best image with 
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plane of the light-sensitive layer can also affect the sharpness of the Image. 

Permissible deflection Af depends on the diameter d of the objective aperture and 

the permissible diameter 6 of the circle of scattering. For Instance, at d » 20 mm, 

f * 100 mm and 6 ■ 0.02 mm, from the relationship 

d I 
7 r/ 

we will obtain 

Consequently the focal plane should coincide with the plane of the light- 

sensitive layer with a precision of Af ■ ‘0.1 mm. On this basis it is sometimes 

possible to adjust the objective in the aerial camera with the visual appraisal of 

sharpness on frosted glass. Investigations show that the value of fk' for objectives 

of one and the same issue differ within limits of ‘0.02 fk'. 

8. Dependence of Overlaps and Magnitude of Exposure Time 
on Height and Speed of the Flight 

Example 1. Let us suppose that aerial photography is executed on the scale 

1:40,000; focal length of the camera Is 100 mm; height of photographing is 

4000 m and speed of the aircraft is 120 km/hr. In this case the longitudinal 

overlap Is equal to 60*. Then according to formula (10) the base on the aerial 

photo will be equal ;o 

and on the terrain 

„.Jgfljj»-*? 79mm, 

40-72 «2M0«. 

If the speed of the aircraft is 

,.110.100 y 
*M**‘HB6 —00»*m/3ec, 

the interval between exposures will be correspondingly equal to 

t 16,4 sec. 

In this time interval the cycle of work of the cassette should be completely 

accomplished. When the permissible magnitude of bluring of the image is 0.05 mm 

the exposure time, according to the formula (19), can have the value 
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or 
H» 

If the control instrument works with a precision of 0.5 sec the error in 

overlap will be determined from the equation 

from which x ■ 0.35S* This is 2t less than the permissible magnitude according to 

the instruction, which is fully acceptable. 

Example 2. Let us suppose that aerial photography is executed on the scale 

1:40,000 at aircraft speed 360 km/hr. Then in conditions of example 1 the work 

cycle of the APA will be equal to 28.8 sec and exposure time will equal 1/120 sec. 

An error in the work of the control instrument of 0.5 sec results in an error in 

overlap of 1.041, which is considered acceptable. 

Example 3. Let us suppose that aerial photography is executed on the scale 

1:3000 at aircraft speed 120 km/hr. Then on the base corresponding to longitudinal 

overlap of 60*, the work cycle of theAFAwill be 6.4 sec. Exposure for blurring of 

the image 0.05 mm the exposure time shodld be 1/222 sec. The control instrument 

should not give errors in overlap of more than 2*, therefore accuracy of its work 

should he on the order of 0.2 sec. 

liSBBlf, Let us suppose aerial photography is executed on the scale 

1:3000 and speed of flight is 360 km/hr. Then for conditions of example 3 the 

work cycle of theAFAwill be 2.16 sec. Exposure time should be 1/666 sec. The 

control instrument should not give error in overlap of more than 21; therefore the 

accuracy of its work should be 0.07-0.1 sec. 

Thus, during small-scale aerial photography (1:40,000-1:60,000) exposure 

time should be 1:50-1:120 sec and the accuracy of work of the control Instrument 

should be 0.5 sec. Existing equipment satisfies these conditions. 

During aerial photography on the scale 1:3000 exposure time should be on the 

order of 1/222 sec if the aircraft speed is decreased to 120 tan/hr. The work 

cycle of the AFA should be not more than 2 sec and accuracy of work of the control 

instrument, on the order of 0.1 see. 

9. Appraisal of Quality of Flight 
# 

It is important to control the measuring qualities of aerial photos, in 
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particular to determine angles of tin of aerial photos of a given flight. This 

control is carried out at the aerial photography base of the expedition. 

Angles of tilt of aerial photos are established most quickly according to 

readings of the circular level. However, due to horizontal accelerations of the 

aircraft the errors of readings can reach 100X of the magnitude of the actual 

angle of tilt of aerial photos. 

At angles of tilt equal to Io, errors of determination of angles of tilt should 

not exceed 10*. Such accuracy can be obtained on the M. D. Konshin and V. B. Orlov 

field stereometer. In Pig. 37 is given the diagram of the instrument, on which 1 is 

the base; 2 and 4 are aerial photos; 6 is the basic support; 10 and 11 are micrometer 

screws shifting the left aerial photo by x and q; 3 and 8 are threads drawn tight 

above the aerial photos; 7 is a micrometer screw turning the right thread holder; 

5 and 12 are screws ^ and k2 of the aerial photos. 

Axes X and Y of the instrument are turned by 90° from the usual location. 

Above the aerial photos is located a stereoscope. For stereoscopic 

identification of points it shifts across the Instrument. Aerial photos are shifted 

to the left and to the right by rack and pin 9. The photos are arranged stepwise in 

such a manner that their centers and C^' are approximately on one line. The 

left aerial photo is oriented under the left thread according to the identical points 

of the right aerial photo. When the right thread is rotated until it coincides 

with the left points the angle of descent between threads is found; this is 

functionally connected with the elements Aox and c (see below). In an hour one 
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can â«termine with good accuracy the angles for approximately 15 pairs of aerial 

photos. 

* 10. Investigation of the Aerial Camera. 

All Instruments entering into the composition of flight survey equipment will 

be subjected to investigation both in the process of their manufacture In the 

factory, and before their use. 

1. Determination of Elements of Internal 
Orientation of the Aerial Camera 

The elements of Internal orientation Include the coordinates (ax. Ay) of 

the principal point of the aerial photo (with respect to lines connecting the marks 

of the auxiliary frame), and the value of focal length fk of the aerial camera. 

Por determination of elements of internal orientation a goniometer is used. 

Pig. 38 shows the construction of one of the precision goniometers. In this 

instrument the tubes have identical focal length f ■ 270 nun with relative aperture 

of the objective of 1:6 and angle of field of view of approximately Io. The front 

tube contains an autocollimating eyepiece. Between the telescopes there is a round 

plate on which a large limb is established on three lifting screws. To the upper 

part the limb is divided into 30-minute intervals, and in the lower part into 

10-minute intervals, observed through the microscopes with a micrometer. One turn 

of the drum of the micrometer is equal to 5'. The value of a division of one 

interval is equal to 5"» which permits measuring the turn of the limb with the 

chamber fixed on it (without cassette) with the same accuracy. The instrument 

comes with a number of components for assembling the chamber, and also counter¬ 

weights for locating the center of gravity of the chamber above the center of the 

limb. I 

Pig. 38. 
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Before the investigation of the aerial camera the goniometer is adjusted: for 

observing parallelism, first, of the sighting axes of the telescopes, second, of 

vertical and horizontal threads of telescopes, and the perpendicularity of the 

axis of rotation of the limb to the lighting axes. 

Parallelism of sighting axes of telescopes is attained by lining up the 

crossing points of the threads of grids, for which one of the telescopes is given 

adjustment movement. 

Parallelism of the vertical and horizontal threads of telescopes is established 

with the help of the corrective screws of the grid. 

Perpendicularity of the axis of rotation of the limb to the sighting axes is 

verified with the help of a plane-parallel glass, utilized for autocolllmatlon, 

and fastened on the base with three lifting screws; the glass is mounted on the 

limb between the tubes. Illuminating one of the eyepieces of the telescope, the 

observer seeks exact coincidence of threads with its reflection, for which are used 

the lifting screws of the limb and glass. Then the limb with the glass is turned 

180°; in egse of nonperpendicularity of the axis of the limb to one of the combined 

sightinf a^es of the scopes the intersection of the threads does not coincide with 

its fe'fiéctlon. Errors are eliminated by lifting screws of the base and limb. 

After this the body of the aerial camera, free from the cassette, is mounted 

on the limb in such a way that the objective of the aerial camera is above the 

axis of rotation of the limb and simultaneously on the line of sighting axes. To 

the auxiliary frame of the body of the aerial camera is fastened a measuring grid 

made on plane-parallel glass. The lines of the grid should pass through the 

coordinate marks of the body of the aerial camera. 

Balancing the frame with counterloads with respect to the center of the limb, 

the focal plane of the chamber is mounted perpendicularly to the sighting axes 

of the scopes. With this the center of the grid is observed in one of the tubes 

and in the other the autocolllmatlon of the point of intersection of threads over the 

same grid. 

After preparation for observations horizontal angles are measured by matching 

the point of Intersection of the threads of the telescopic sight into hatchures 

of the measuring grid through every 10 mm. For derivation of formulas utilized 

during calculations we will turn to Fig. 39, on which m and n are symmetric strokes 
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of th« grid located at diatance d from its centert o is the principal point of the 

aerial photo o^ is the center of the measuring grid and a and 0 are the measured 

angles. 

Then 

é Jfc 
»Eu caiï(s--ê) * 

from which 

JSiiS,.-. m —gfefnaR 

(27) 

or, after conversion, 

t«sB<MKclgp-ct|e). 

Por calculating angle e angles a and 0 are measured repeatedly and from 

obtained values of e take the average} thus, since the difference between angles 

a and 0 is small and does not exceed 2-3', the influence 

of distortion of the objective of the aerial camera on 

the results of calculation does not show. The value of the 

focal length is determined from the equations 

®>. 

from which 

. Mmfr-mcjMttSL 
" »(•+*> 

(28) 

Knowing angles ^ ■ a - e and » 0 * e and taking fCp from the series 

of determinations of fR, it is possible to calculate distortion of the objective 

by the formulas 

and then to construct a graph of distortion for different values of angle *. 

Accuracy of determining fk (at fk -200 mm) on the goniometer is approximately 

equal to 0.02 mm, and that for the position of the principal point is approximately 

0.03-0.04 mm. 
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Here 

AjcaieO|Ss/Ats6. 

For total determination of the position of the principal point (Ax, Ay), it 

is necessary to turn the camera 90° and to conduct measurements along the y axis. 

It is necessary to note that if the graph of distortion A^, a2, ..., An has 

zónes going out beyond the limits of accuracy of measurement, then it is possible 

to improve it at the expense of a change of the value of f^. For simplifying the 

processes of calculation under the condition of minimum value of distortion 

nomographs are offered. 

According to certain investigations distortion of objectives, measured 

in several radial directions, gives asymmetric curves, distinguished from the 

accepted standard curve. If the scattering of curves does not exceed permissible 

limits, then such an objective can be used. 

To accelerate the process of investigation of objectives at present new 

Instruments and systems of calculations are proposed. Thus, for instance, there 

exists an autocollimating method developed in enterprise No. 10. The instrument 

conoists of a microscope, mirror, and set of prisms of birefringence with different, 

very exactly determined constant angles for reverse deflection of rays. Observing 

in the microscope, located above the principal point of the grid of the auxiliary 

frame of the camera, it is possible through the camera objective the prism, and 

again through the objective to observe lateral points of the grid with known 

coordinates. Magnitudes of shift of lateral points relative to the principal 

point also appear as distortions of the objective. 

2. Determining Shutter Efficiency 

Testing the shutter consists in determining the optical efficiency and period 

of damping of its parts. Photographic and photoelectrical methods exist. Fig. Ho 

shows a diagram of one of the instruments used for the purpose. The tested shutter 

is disposed in such a way that the condensed bundle from light source L passes 

through shutter Vj^ and objective o of the instrument to the drum with film F, 

revolving with great speed. Disk S with holes rotates in front of the film, due 

to which multiple printing of the image of the opened and closed shutter occurs. 
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;r: it iMg“i“ *printM *•» .. r=»..d * Phot.gr.pM„s . llml„e.oent polnt obtllnM fron th> Ii?ht sourM >M 

passing through the prism and mirror on 

the chamber. Under the Influence of 

electrical current the chamber oscillates 

200 times sec, which permits guaging 

1/200-1/J|00 sec and, by interpolation, 

still smaller fractions of a second. The 

sinusoid is photographed in I/30 sec 

(time of exposure) by means of shutter 

v2 talthln 2-3 sec before and after 

testing the aerial photography shutter. 

.me , ;r; r pro",' °f ope"ing l.ne, th. 5l,uuep tlle ratl0 of the quantUy of iight tnergy pa>sing 

through the .hutter to It. ,u.„tltJ .t the moment of 

opening eno clo,lng of the 8l]uttep_ ^ coefflolent 

1. determined b, the relation of the aun „f arMB of 

the open to the ,„m of the total area, of eorklng aperture, 

of the shutter. 

th. K. .. Let US n0te that fr0m the lnltial ffloment of work of 
the shutter to the moment of its full openina 

all i/finn Pa88es Very llttle > in 
1/600-1/700 ..0. The desired .fflol.„cy f. 0„ the „„„ of 

The shutter is checked on various sna-ri. . 
at the end or" h beginning, in the middle, and 

the end of damping period of work operation. 

The service llf. of the .butter l. determined on the b.,1. of the number of 

exposure, obtained Up to the moment of it. deduction, .hloh 1. p 

^ - - —... ..„.1 ...r. .::.7:: 

i.... «un ZTZITJTTT" 0°ndltl°'" SI’uar to ‘erui phctoer*phï- 

3. Checking the Cassette Operation 

o. .iirror °p,rati°n c°n'1“’ °f "t*bii'hine minding, the oorrectn... of the frame „„mbl,. the .applied „..„tit, of 

unexpoeed aerial .„d film, the degree of ,t. tenalon .no fUttanln,. 

Pig. 41. 
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A check is conducted on exposed aerial film with the aerial camera motor engaged 

and the cassette open. Aerial film tension should not be excessive to avoid 

unnecessary and nonuniform distortion. It is necessary to establish if electric 

currents are sufficiently well removed from the surface of the aerial film so that 

during aerial photography discharge traces do not appear on the aerial photo. 

Constancy of the amount of the segment of re-reeled aerial film is verified over 

its entire length. The quality of flattening the aerial film in the plane is 

checked by several methods. One method consists of applying four thin wires, 

tightened above the aerial film 15-20 mm from its edges. Prom the amount of 

curvature of the shadow traces conclusions are made on the degree of flattening 

of the film. 

Suctioning the unexposed aerial film ensures accuracy of flattening up to 

0.02-0.03 mm (in approximately 80/» of the cases). 

As we already noted many factors influence the sharpness of the image on the 

aerial photo. Some of them (for instance, distortion) can be calculated, but 

others can be revealed only by special methods. 

The Joint influence of objective distortion and failure of thè film to lie 

flat in the focal plane of the cassette on the accuracy of the image can be 

determined by means of stereoscopic measurement of coordinates of points of the 

aerial photo (for instance, of the rough surface of ice on a lake) and by the 

study of the degree of curvature of the obtained model (Investigation, of Ecklund 

in Sweden). 

i 11. The Photographic Process 

After aerial photography the cassette of the aerial camera is delivered to the 

photolab. Aerial film is developed as a whole (uncut) in developing instruments. 

The most convenient are spiral instruments (Fig. ^2) in the form of large 

metal reels. The coil with aerial film is fastened to the front part of instrument, 

and the end of the aerial film is att .ched to the axis of 

the spiral reel; aerial film is reeled into a spiral. 

The drum with aerial film up to 30 m in length 

is dipped into a tank with the developer, and within a 

short time (for instance, 7 minutes) - into a tank with 

water and then into a fixing bath. Fixing lasts 
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15 minutes on the average and washing là circulating water (t ■ ♦18®C) about 30 

minutes. After washing, the aerial film is dried on speloal drying drums. The 

film, fastened with linen clamps, drys in a space with open windows (spring, summer) 

which are closed by gauze; with closed windows it is necessary to create air 

movement. The developing process should preserve the resolving power of the 

emulsion layer of the film, and the process of drying should not cause distortion. 

Photo prints are prepared from uncut film on contact machines [14], which have 

the usual electric lamps and the red lamps used for packing light-sensitive material. 

Por production of identical exposures an exposure meter, automatically turning on 

the light in the contact machine during photocopying, is installed next to the 

printer. 

Three or four prints are prepared for photogrammetrlc and other work. 

Aerial film has a thickness of about 0.16 mm and consists of nitrocellulose, 

coating of sodium siliclde and gelatinous emulsion in which there are light-sensitive 

particles of silver halide. 

The usual photographic emulsions have a maximum sensitivity to beams of the 

violet zone of the spectrum, with a wavelength near 400 mu; for human eyes the 

brightest are yellow beams with a wavelength of abouft 550 mu. In order to obtain 

good measuring qualities of aerial photos, measures are taken for elimination of 

nonconformity of color transmission in one-tone gamma of black color by which details 

of the aerial photo are depicted. Indicated nonconformity is eliminated by 

introducing dyes into the emulsion and applying light filters. According to the 

type of emulsions, aerial films are divided into ordinary, isochromatlc, 

panchromatic, and infraehromatic. Pig. 43 gives the curves of sensitivity of the 

eye and the film panchrome 10, without a light 

filter [14], 

Por aerial photography major use is made of 

panchromatic aerial films sensitized to all rays 

of the spectrum and, depending upon conditions of 

the landscape, enabling use of filters of any color. 

The resolving power of Soviet panchromatic aerial film 11/400 is equal to 140 

line/mm; its light sensitivity is about 5001 plus (Cin the DOST 2817-45 system), 

which permits the use during aerial survey of an objective with a small relative 

aperture 1:6.3-1:9. 
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Por exact photogrammetric measures glass negatives are used which, af$«r 

development, have extremely minute distortion. Uao widely used are diapositive 

slides. 

Slides have a gelatinous layer sensitized only to blue«vlolet rays which Is k ■ 

required during photoimprinting from negatives of one-tone gamma. Their sensltivlfi; 

Is approximately 100 times less than the sensitivity of aerial film, but the 

resolving power of the emulsion layer is considerably larger than for aerial 

film. Therefore aerial photos can be reduced two or three times without decreas 

the quality of the image. * ** ï 

Photographic paper consists of a base covered by barium sulfate,'having a 

pure white color, and a light-sensitive gelatinous layer. Contrast and normal, 

dull and glossy sorts of photographic paper of much varied quality exist. 

After development and drying photographic paper is conBiderably distorted. 

Dlstortioi. occurs in all layers and is nonuniform as well (lengthwise and across the 

paper). This distortion for different sorts of paper fluctuates within limits of 

0.423-0.273% along the roll and 0.399-0.155% across it. Therefore, during use of 

photoprints for measuring, photographic paper is preliminarily glued in the, dark 

with starched glue onto glass. At the same time the photographic paper is oriented 

in accordance with the direction of the fiber of paper and perpendicularly to the 

axis of the photorun. Such orientation allows for decreasing the influence of 

distortion appearing during development. Furthermore, distortion can be decreased 

by means of preliminary 1.5 hr soaking of the photographic paper in water. After 

that, as the paper dries, photocopies are made. This process partially lowers the 

quality of the photographic paper. In a number of cases copies are made on slide 

plates from negatives to preserve for an unlimited time the measuring qualities of 

the image. 

There are available a great many developing substances which affect the density, 

contrast, and other qualities of negatives [151. 

We give the formula of one of the contrastive methylhydroqulnone developers 

(KTsl) used during processing materials in aerial surveys. 

1. Water 1000 cm^ at a 10° temperature, distilled or boiled. 

2. Metol 2 g (developing substance), reducing the silver halide. 

3. Hydroqulnone 10 g, having the same purpose as the metol. 
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4. Anhydrous sodium sulfite 52 g, preserving the developer from deterioration 

for several weeks. 

5. Anhydrous [sodium oorbonate] AO g (alkali), neutralizing the acid 

(hydrobromic) precipitated during the development and accelerating process. 

6. Potassium bromide A g (delaying the process of development), promoting 

the obtaining of contrastive aerial photos. It is also an anti-fog substance. 

Below is given the formula of a solution used for fixing aerial photos: 

1. Boiled water 1000 cm^ at 18° temperature. 

2. Thlosodlum sulfate (hyposulphite) 250 g. 

3. Sodium sulfite, crystalline, 50 g. 

A. Potassium metablsulfate 17 g. 

5. Chrome alum 10 g for tanning positives, for the purpose of Increasing the 

mechanical strength of the layes*. 

Very important criteria of photographic quality of aerial photos are the 

density and the degree of contrast of the image. According to the character of 

transmission of the relationship of brightnesses of objects the image is contrastive, 

normal or dull. The greatest density of the image on the negative should be on the 

order of 1.6-1.7 arbitrary units. 

Photographic paper is selected in conformity with the density and contrast 

of the negatives. The quality of the image on photographic paper, depending 

upon its fort, is characterized by the following data; normal 1-1.5; contrastive 

1.8; and strongly contrastive 2.65, in the same units. 

Heterogeneity of Illumination of aerial film in the center and on edges leads 

to the fact that the density of the photolmprlnt is also nonuniform. But more 

essentially is the fact that aerial photos, especially of mountain terrain, are 

unnecessarily contrastive in detail; therefore to Increase the resolving power of 

the image still in the process of photocopying it is necessary to Improve its 

quality. Such a problem is solved by electron photocopying apparatuses, both 

Soviet and foreign. We give the diagram of the electronic copying instrument 

(Flg.AA), developed in TsNllQAiK [18] (Central Scientific Research Institute of 

Geodesy, Aerial Photography and Cartography). 

The Instrument consists of printing table 1, electron-beam tube (CRT) 2, 

objective 3, photomultiplier 6, and a device for automatic regulation of exposure. 
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Exposing aerial photography negative 4 on photographic paper 5 is executed by 

the electron tube through the objective. 

The intensity of the electron beam (in the form of a spot, diameter 4-6 mm) 

scanning the negative changes automatically, depending on the degree of density of 

the sections. Strengthening the illumintion of darker 

sections of the aerial photo and decreasing in light places 

is attained by a photomultiplier with an amplifier, located 

above the photographic paper. 

Prints obtained on an electronic copying instruments 

have a considerably better processing of details than prints 

obtained by the usual printing method. Is noticed also that 

accuracy of measurements on aerial photos of mountain terrain 

is increased approximately 1.5 times. 

In recent years paper covered with a layer of semiconductor emulsion was used 

for photocopying. If one were to charge the electropaper with a current of high 

voltage (to 10,000 v) in darkness, then by the usual method the pro-exposed contact 

image can be developed in benzene which has been blacked or dyed any other color. 

Since development and drying (under a draw pipe) continue not more than one minute, 

distortion of the paper does not occur. Resolving power of electropaper at present 

is now lower than for ordinary photographic paper. Therefore it is applied most 

frequently for hachured printing. 

Pig. 44. 
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CHAPTER III 

Construction of a Plat Support Net with 
the Help of Aerial Photos 

I 12. General Remarks 

In map-making by aerial-photos it is necessary to determine the geodesic 

coordinates of not less than three contour points identified on each aerial-photo 

and on the terrain. Por this reason the volume of field geodesic work on aerial- 

photo control tie becomes very large. Even in the first years of the development 

of aerial-photography (1925-1930) remarkable properties of aerial-photos with small 

angles of tilt were found in that the central directions on them were distorted 

insignificently, and they permitted securing aerial-photos with the necessary 

quantity of control points by photograrametric means. With this three or four times 

fewer geodesic support points (i.e., 4-5) are required on one topographic plane 

table than during continuous tying. 

At present a number of methods have been developed for thickening the control 

net, the earliest of which is the method of plane phototriangulation. In connection 

with this let us consider certain properties of aerial-photos utilized with the 

given method. 

I 13. Distortion of Central Directions 

1. Influence of Tilt of the Aerial Photos 
on Distortion of the Central Directions 

Angles between directions drawn from the principal point to any points of the 
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aerial-photo differ minutely from the identical angles on the terrain if the 

angle of tilt of the aerial-photo does not exceed 3-1»0 and the terrain is flat. 

Suppose that nh1 (Pig. *»5) is the direction of the principal vertical of 

the aerial-photo, and point hj is the point of descent located on line hjh* of the 

horizon, obtained by intersecting of the plane in 

which the aerial-photo is located with the 

horizontal plane conducted through the center of 

projection. 

Let us establish a connection between angles A 

on the terrain or, which is the same, on the 

horizontal plane ShjhJ and angles A1, A2, and A^ 

on the aerial-photo. Let us determine the value of central angle A^, the summit 

of which is at principal point o of the aerial-photo. From triangles hjOhJ anu 

h^ShJ, having a common side, h^hj, we write 

okt'tgA^ShfigA, 
•kt 

Fig. *»5. 

JH|K 

and therefore 

(29) 

We will determine the value of angle A^ from triangles h1nh* and hjSh^, the 

summit of which n at the nadir point of the aerial-photo is 

but 

and therefore 

titeos«,. (30) 

Determine the value of angle A2, having its summit at point c located on the 

bisector of angle nSo. Triangles h^chj and hjShj are isosceles since sides t^hj 

are common and ch^ ■ Sh^, and therefore 

ZÁtm¿A. (31) 

Thus, central angles of aerial-photo A1 are greater than the identical angles 

on the terrain; angles A^ are smaller, and angles A2 are equal to the angles on 
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the terrain. 

Point c is called the golnt of zero distortions. Segments located on the 

horizontal passing through this point are equal to segments of a strictly horizontal 

aerial-photo. Let ua give formulas which allow determining the distortion of an 

angle measured at the principal point; formula (29) is written in the form 

or 

Hence, taking sin (Al-A) - aA and A^ ■ A we find the value of aA in minutes: 

â4a>a4aSala24tsiii*ÿ . (32) 

When A1 - 0° and Ax - 90° the distortions of the central angles are equal to 

zero, and with A1 . U5<> the distortions will be maximum. Distortions of angles on 

an aerial-photo with the summit at the nadir point are determined by the same 

formula, but with the signs reversed. The distortions of angles at any point 

of the aerial-photo are expressed by more complicated dependences. Table 8 gives 

the maximum distortions of central directions 

depending on the magnitude of the angle of 

tilt of the aerial-photo. 

Taking into account the small tilt of the 

aerial camera at the time of photographing 

(2-3°) in a number of cases, as we will see later it is possible to disregard the 

error in directions due to tilt of the aerial-photo. 

Table 8 
Anrle o' tilt 
of aerial photo 
in dei^eei 

I’iatortlon jf 
cantral 0!recti. >., 
lh nlnute. Note 

i 0.» a 4 a 45* 

Influence of Relief on Directions Traceu 
from the Principal Point 

The displacement of points of the aerial-photo which appears due to the 

Influence of forms of relief causes distortion of directions drawn to these points 

from the principal point of the aerial-photo. 

Displacement 6 (Pig. 46) of the point of terrain M is determined by the 

expression 

or 

• f 
T“F 

(33) 
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Expressing h and H In meters ln this formula and r In millimeters, we will 

find the magnitude of displacement 6 on the aerial-photo due to the relief. On 

Fig. 46 Is shown this displacement, leading to error Ak of a direction drawn from 

the principal point o on the aerial-photo Is shown on the right. 

The error In direction arising from the relief is equal to 

Aä,b^| 

Dropping 6 because of its smallness and replacing aa^ we find 

^ IsfoQuwo) 

Placing value 4 here we obtain 

In addition 

mt 
A* » rillfiMMi. 

iii»(<M»o) «In 4, 
m m r 

or, taking Into consideration Fig. 45, on which no ■ f^ tg aQ, we find 

Thus, we finally obtain 
r 

(3^) 

Suppose that distortions are allowed in directions ak * 5', then with 

H ■ 2500 m, f'k ■ 100 mm, u *■ 3°, r^ ■ 100 mm, and ■■ 90°, we find that the 

value of allowance of oscillations of heights of points of terrain above the 

average plane h_„„ ■ ‘74 m. 
max 

Consequently, distortions due to relief appearing in directions drawn fn 
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the principal point of the aerial-photo, at small values of h, will be perceptible 

magnitudes; at the same time directions drawn from the nadir point do not have these 

distortions. Therefore the measurement or construction of angles from nadir points 

of aerial-photos is preferable to that from the central points. 

The position of nadir points cannot be determined directly; Instead, on the 

basis of measurements on aerial-photos we find positions of the conditional nadir 

points. 

By applying a stereocomparator in which the cassettes can be established 

at the angles of tilt of the aerial-photos it is possible to obtain directions 

free from both forms of errors. 

However, in connection with the increase in the quality of aerial-photography 

at present ensuring the obtaining of almost horizontal aerial-photos (with 

angles * Io) it is Inexpedient to complicate the stereocomparator. 

I 1**. Construction of Plane Phototriangulation 

Small distortions of central directions on horizontal aerial-photos permits 

drawing sufficiently accurate directions to contour points located on overlapping 

parts of the aerial-photo. Directions to identical points traced on two neighboring, 

correspondingly oriented aerial-photos give in crossing the vertical position of 

these points. 

The simplest method is graphic construction of rhombic series separately for 

each run of aerial-photos. The construction of phototriangulation nets by this 

method consists of the following processes: the selection of points on aerial- 

photos and their perforating them on the negatives, the manufacture of the stencils 

of the directions, stacking of one stencil of directions on the other, on 

which a rhombic series is constructed. Instead of stencils it is possible to 

apply other thin transparent material (celluloid, astralon, khostafan etc.). 

Points for the net are selected in such a way that the figure of the bearings 

will be, as far as possible, of regular form. The points must be clear and 

easily recognized on mutually overlapped parts of neighboring aerial-photos. 

Usually at first working centers are selected (contour points located in 

direct proximity to the center of the aerial-photo) within limits of a 

circle with the radius r ■ 0.02 fk« In the absence of suitable contour points 

in the center of aerial-photos, the principal points of aerial-photos are 

taken as working centers. In regions with considerable elevations. 
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instead of central points are pinned on conditional nadir points. Then so-called 

tie points are selected, located pairwise in the zone of triple overlap of aerial- 

photos on lines perpendicular to the line of centers; the tie points will be 

separated from the line of centers by approximately 60 mm. On every aerial-photo 

four transformation points are selected and superimposed each of them is in the 

middle of the zone of quadruple overlap of aerial-photos of adjacent runs. Then 

the image of points of the geodesic control net are identified and superimposed. 

The common adjacent points are also laid on all aerial-photos (negatives). Then 

all points superimposed on a given negative are punched in the stencil and the 

directions from the central point are drawn to them with India ink (Fig. ^7)- 

The net of phototriangulation is constructed on the assembly table. For this 

purpose one stencil of directions is put on the other in such a way that the lines 

connecting the central point cf a given aerial-photo with the image 

of the central point of a neighboring aerial-photo (initial 

directions) will coincide. Selecting a distance between centers 

of the first two stencils (base of phototriangulation whlch 

is 5-7 mm larger or smaller than the case on the aerial-photo 

(Fig. 48), combine lines o^ of the first stencil with line 0^ 

of the second. As a result of this, rays o1-l and o2-l, o^J and o2-3, o2-2 and 

°l-2, Oj-4 and o2-4 will cross among themselves, and points of their intersections 

will be the orthogonal projection of points 1, 2, 3, and 

4 of the terrain. On the first two stencils, fastened 

with weights is put the third in such a way that beam 

o^-Oj coincides with direction on the second 

stencil, and b^ams o,-3 and 0.,-^ passes through the 
J C 

already present intersection of beams o^-3, and '^l“^’ °2~li‘ ^^us» the 

position of the central point of the third stencil will be dete.mlned by graphical 

solution of lateral intersection, whereas the position of points 1, 2, 3, and 4 

was found by [direct] intersection. As a result of the constructions point 0^ will 

be located from o2 at a certain distance, expressed in the scale of the first base, 

Just as the position of new points 5, 6.is found by intersection. All the 

subsequent stencils are joined analogously. Besides phototriangulation tie points, 

in the Intersection of corresponding directions we obtain also the position of other 

Fig. 48. 
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points of aerial-photos, Including those for which geodesic coordinates are known. 

After construction of a phototriangulation net all these points are superimposed on 

the long stencil. 

The rhombic net obtained on the arbitrary scale should have the minimum two 

geodesic control points A and B, located at the beginning and end of the route. 

This gives the possibility of Its reduction, i.e., reduction to the scale of the 

topographic plan by points A0, BQ and to the geodesic system of coordinates of the 

state net. Relationship AB i8 the coefficient of reduction of the photo- 

A0Ü0 

triangulation net. In view of complexity of composition and coordination, two- 

route and solid nets are used less often than rhombic nets. 

The graphic method phototriangulating Is used most widely In topographic- 

geodesic work. 

The property of small distortions of central angles sometimes Is used for 

construction from aerial-photos of exact plans of small sections of hilly or 

mountainous site. Por this central directions on corresponding points of contours 

of adjacent aerial-photos are traced on stencils. Then control points on stencils 

are matched with the corresponding points of the topographic plane table, are 

oriented and matched to the initial directions, and the sites of crossing of rays 

are pinned to the plane table. 

By a more mechanized method intersections of points are obtained on Instruments 

with radial rulers. One of them (design of the firm of Hilger and Watts, England) 

is shown in Pig. H9. 
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Semiframes rotate above the aerial-photos, around their centers. The upper 

part of each of semiframe constitutes a transparent ruler with a hatchure, and 

the lower part - a metallic ruler, the edge of which Is located In the same plane 

as the hatchure. At the bottom of the Instrument Is a system of a parallelogram 

with pins, touching the edges of the lower rulers. 

Depending on the displacement of pins established by the operator, i.e., 

the base of treatment, the cutting of points in that or another scale (from 0.5 to 

2*) is possible. With the pencil located on the parallelogram system it is possible 

to mark the intersected points and in the end to trace the plan. 

The disadvantage of the Instrument Is that In using it, it is impossible to 

execute intersection of points located on lines of centers and nearby them. It 

is possible to construct these poi s only by artificial methods, for instance, 

displacement of working centers of rulers by 10-15 mm. As a result of this, certain 

errors appear in the position of determined points. 

During treatment of aerial-photos of mountainous and even hilly terrain by the 

shown method, it would be necessary to use the points of true nadirs, the position 

of which is unknown. This would complicate even more the given method of construction 

of the plan. When gyrostabilized aerial-photos are used the errors of construction 

will be small. 

About the accuracy of graphie phototriangulation. The accuracy of the position 

of phototriangulational points is influenced by the errors of directions caused 

by: 1-tilt of the aerial-photo (1-?'); 2 -errors of identification and pinning 

points (0.05-0.08 mm, which at a length of direction of 80 mm amounts to 3-^'); 

3 -errors in relief (5-6* for directions from principal points of aerial-photos 

and at elevations up to 50-70 m); 4 -errors caused by nonuniform distortion of 

aerial film (2-3'); 5 - errors of drawing (2-3') and connection of stencil- (5'). 

The totality of these errors causes subsequent distortion of phototriangulational 

series and inconstancy of its scale. After reduction of the series the greatest 

value of the mean square error of the position of points is obtained in middle 

of the rhombic series; these errors are calculated by Yu. P. Zhukov's formula 

f OJ3& M X +2/1, 

where b is the length of the base of phototriangulational net; k is the coefficient 

of reduction; n is the number of bases of the phototriangulational net; t is the 



accuracy of the drawn direction, characterized by the mean square error calculated 

on the basis of calculation of all above-mentioned factors. 

Since many points of neighboring rhombic nets are common, it is possible to 

tie the phototrlangulational nets together and, consequently, to refine the 

position of their points. 

Considering the necessity of determining the position of points of thickening 

with an accuracy to 0.4 mm, dispose the geodesic control points are located with 

field tying at a distance equal to the length of the frame of the plane table of 

a given scale, which composes 5-8 bases of the phototriangulation net. Besides 

graphic and analytic phototriangulation, executed on the basis of measurement of 

central directions on aerial-photos, in recent years photopolygonometry has been 

used for production of control points in the plan. The method of photopolygonometry 

consists of analytic determination of coordinates of summits of directions on the 

basis of bases of photography measured on aerial-photos and angles between them, and 

of graphic crossing of rectified points. Measured bases on the aerial-photos are 

corrected for elements of relative orientation and converted to one scale according 

to readings of the radio altimeter and statoscope. 

Analytic phototriangulation. To increase the accuracy of phototriangulation 

stereocomparators are used, based on the measurement of coordinates of points 

of aerial-photos with the precision of 0.02 mm. Central angles of aerial-photos 

are determined by formulas of the type 

where x and y are coordinates of points of aerial-photos with respect to the center, 

measured after orientation of aerial-photos along the initial direction. 

Then by calculating the length of sides of triangles and directional angles by 

the corresponding formulas of geodesy, determine the conditional coordinates of a 

series of points and reduce the net by means of calculations. The analytic method 

is very laborious. However, when electronic computers are used analytic photo- 

trlangulation becomes more effective method of thickening according the horizontal 

net. 

Por this purpose there are also created specialized stereocomparators with 

increased accuracy of readings (to 2-x m). They are very massive instruments. 

During application of stereoscopic marks on points of the aerial-photo a punch card 

-68- 



automatically made which contains the values of coordinates of points in the 

binary system. The punch cards proceed then to an electronic computer where, 

according to the assigned program, trigonometric equations are automatically 

solved and coordination of points of the net Is executed. « 

With this method of work a Is more expedient to connect blocks of nets, as a 

result of which considerable areas are secured by control points. 

f 15. Reduction of the Net 

It is possible to reduce horizontal nets by graphic, analytic, or optical» 

mechanical methods. The more widely applied method is optical»mechanical reduction, 

executed on special projection instruments called projection printers. 

1. Projection Printers 

The projection printer is intended for optical change of scale of photo¬ 

triangulation nets, carried out on 600 * 600 mm tracing paper. Figure 50 shows 

an instrument consisting of bed 1, screen 2, carriage 3 

with objeccive, scále inversor 4, negative carriage 5, 

and illuminator 6. 

Tracing paper with points of the phototriangulation 

net is laid in the cassette of the negative carriage, 

then projected onto the plane table placed on the 

screen. For change of scale both carriages are shifted 

up and down and disposed at distances c and d, 

satisfying the condition of optical linkage by the 

formula 

(36) 

where f is the focal length of the projection objective. 

Since the carriages are connected by a scale 

inversor (rhombic), sharpness of t.se image during the 

change in the scale of projection is attained 

automatically. Carriages are set in motion by a hand 

wheel. 

Focal length P the projecting objective is equal to 2:500 mm and che relative 

aperture is 1:9. An objective with a magnification of 0.6-1.5* ensures projection 
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of ¿stencils with dimensions up to 600 mm, when outer rays have small tilt. The 

latter circumstance Is very Important for decreasing projection errors, since 

unevenness of the screen on which the rays fall leads to displacement of projected 

points from the true position. 

The bed of the instrument consists of tubes located on lifting screws and 

step bearings. The total height of the Instrument reaches 3 m; therefore it is 

necessary to use a stepladder during the work. 

The screen is made from seasoned wood or from a marble slab. With the help 

of screws it is possible to set the screen in a horizontal position. 

The objective part of the instrument is connected to the negative carriage by 

blinds for elimination of exposure of the screen. The negative carriage carries 

the cassette located, like the screen, on lifting screws. 

The illuminating device consists of a rectangular housing in which are located 

16 lamps with total power up to 800 watts. In certain printer constructions daylight 

lamps are used, giving more uniform illumination. Por stacking the tracing paper 

in cassette the covering glass, fastened on a hinged frame, is raised. 

The rhombic inversor consists of six levers, of which four are of length a 

and two of length b (Pig. 51). Carriages N and S carry, correspondingly, the 

negative and objective. Hinge B remains motionless and stands at 

distance f from the screen. 

During shift of the carriage with the objective, a resultant 

motion of the carriage with negative occurs; in this 

but 

«•-á'+HOf; 

Pig. 51. 

from which 

Let us establish the condition that the length of levers satisfy the formula 

«•-I»«/*. 
(37) 

where f is the focal length of the objective. 

Then we obtain automatic linkage of planes of the negative and the screen. The 

inversor is calculated on coefficients of magnification of 0.6-1.5“ with focal 

-70- 



length of the objective f* - 500-600 mm. For exact solution of equation (37), 

using an objective with a focal length distinguished from the nominal, short levers 

are made extendable. Simultaneously it is necessary to change segments 

correspondingly from the negative and the screen to hinges of inversor A and B, equal 

to f '. 

The following requirements are set for the projection printer: 

1 - screen should be a plane; 

2 - the objective should give an exact image with distortion on the edges of 

the field of not more than 0.2 mm; 

3 - the cassette should have a clean plate glass, without bubbles and cords. 

Check of the instrument is carried out with magnification equal to unity. 

In order to execute inversor adjustment the latter is established ir the 

Initial position, in which the scale of projection is equal to unity and the sharp 

image is Kept. 

In the initial moment of screen adjustment, the cassette and plane of mounting 

of the objective are established in a horizontal position with a precision of 1-2'. 

Final adjustment of the printer consists of additional turns of the screen and 

combination of the image of the control net (300 * 300 mm) with tne copy, placea on 

screen, at a scale of projection equal to unity. 

Work with reduction consists of combining the images of control points with 

their position on the plane table, attaining minimum divergences in the position 

of points common to adjacent runs. After that all phototriar.gulation points are 

transposed to the plane table. 

Accuracy of reduction can be influenced by noncorrt-spondence of the surface of 

the plane table to a plane, insufficient illumination of the screen, error of 

pinhole points on the plane table in darkened areas. The total error of position 

of points on the plane table should be less than 0.4 mm. 

Other types of photoprinters are based on principles of preliminary photographic 

or mechanical decrease of nets for the purpose of reduction of dimensions of the 

instrument. Let us consider one of them. 

2. The Drobyshev Optical Reuucer 

In the Instrument are used nets, decreased by 2-2.5 times with the help of a 

special pantograph, piercing points with a diameter of 0.1-0.2 mm with a needle in 
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the "plane table." The construction of the device may be seen from Pig. 52. On a 

frame made from tubes there Is a screen, covered by massive plate glass and set In 

a horizontal position. In the rear part of the bed 

Pig. 52. 

Is a vertical directrix and next to It a scale gage 

Inversor In the form of a plate with a curved margin. 

The gage is touched by a roller, fastened on the 

flange of the camera carriage. The plane table is 

Illuminated In the carriage by luminescent lamps. 

Further the beams go through an objective (Industar-13, 

P ■ 3G0 mm) and a mirror to the screen. The chamber 

with a cassette, mirror, and objective Is moved by a 

reversible electric motor, which Is engaged from a 

foot pedal. To guarantee smooth and easy movement, 

the carriages are balanced by counterweights. 

Constant sharpness of Image Is attained by 

application of a gage-type Inversor. It Is known that 

since 

1 . 1 1 

then 
ému. 

.-/(i+l). 
4-/(1 +«I 

(3b) 

(39) 

In formulas (38) and (39) d Is the length of segments constituting magnitudes 

of shift of the entire housing upwards and downwards and c Is the magnitude of 

displacement of the cassette in the housing to the left and the right. 

Construction of the gage Is done after counting the values c and d during 

magnifications of 

«-IA 1.1; 1,2... 

With a change of distance d the carriage is established automatically in a 

position of sharpness. 

Adjustment of the instrument consists of making the basic directrix vertical 
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and the cassette and screen horizontal with an accuracy up to 30". Mirrors must 

compose angles equal to 45° with the horizontal plane. 

After adjustment of the instrument, the control net is laid in the cassette and 

sharpness of image is obtained; then with a rod-compass segments of the image are 

measured along the sides of any rectangle of the projecting net. For production of 

equal sides of a chosen rectangle, change the position of the screen with the 

lifting screws. 

If during shift of the cassette upwards or downwards the sharpness of the 

image is disturbed, change the position of the inversor. If this causes the image of 

the principal point to be shifted to one side, then shift the objective In one or 

two directions. 

In order to check the work of the pantograph and optical reductor, check the 

correctness of combination of luminescent points of the plane table with points 

of phototriangulation on the tracing paper. After that superimpose on the screen 

the plane table with control points, which coincide with the image of the control 

points of phototriangulation. Copy and sign other points. The scale of the net 

is changes by 0.6-1.6 times 

3. Multiprojector Projector Printer 

The F. P. Shevchenko projector printer consists of 12 projectors of the 

multiplex type mounted on a common bed. Separate nets, consisting of four to six 

aerial-photos each and reduced on a special vertical projector to o « 0 cm size, are 

projected on a common screen with magnification of 5-10 times. With such a method 

of using phototriangulation nets it is possible to have a very rarefied initial 

control net and to obtain a well-linked system of points. 

This Instrument found application during creation of maps on a scale 

1:100,000, and also for production of refined aerial mosaics on large scales 

(1:10,000). 

The N. P. Kozhevnikov and F. P. Shevchenko printer consists of four projectors 

with three degrees of freedom (on axes x, y, and z) each. They permit use of 

slides of reduced nets of 9 * 12 cm size. The instrument maxes it possible to 

reduce and to tie run and double nets, intended for creation of maps on a scale 

of 1:25,000. 
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CHAPTER IV 

Rectifying Aerial-Photos and Composition of the Photomap 

i 16. Principles of Rectification 

After completion of phototriangulation and obtaining on the plane table a 

large quantity of control points the problem appears of transfering contours from 

aerial-photos to the plane table. For this purpose one should use aerial-photos 

free from distortions due to angles of tilt and elevation differences between centers 

of projection. If rectified aerial-photographs are glued to plane table with 

control points, up will obtain a photomap which is a very valuable document for 

creation of maps of various scales. 

Rectification consists of laying the aerial-photo in the projection apparatus 

(photo rectifier) in a certain position with respect to the screen of the Instrument. 

During projection an image is obtained which corresponds to the plan of the 

terrain (with a flat terrain) in the given scale. Two cases are possible 1 - a 

restored cluster of projecting beams similar to the cluster at the time of 

photographing; 2 - a restored cluster of projected beams not similar to the 

surveyed cluster. 

In the first case the objective of the photo rectifier should be separated from 

the negative by a distance equal to the focal length of the surveying camera 

f^; the tilt of the negative with respect to the screen should be equal to the angle 

of tilt Oq of the principal axis of aerial camera when the principal vertical is 

perpendicular to the axis of tilt of the screen; planes of the screen, negative. 
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and objective have to intersect on one straight line (conditions of perspective 

linkage)1; the focal length of the objective must be selected in accordance with 

the scale of sharp images obtained on the screen (condition of scale linkage). 

The last condition, in connection with different coefficients of magnification 

applied in production, makes it necessary to have a set of objectives, and this 

prevents wide application of a rectifier with similar bundles or rectifiers of the 

first kind. 

Investigations of properties of the oblique bundle shows that it is possible 

to execute rectification also with inequality of focal lengths of the surveying 

and projecting cameras, but then the objective of the latter must be set up on an 

arc drawn from the point of intersection of the principal vertical with the plane 

of the horizon, with a radius S. ■ **k , and the plane of the screen should be 
sin Oq 

tilted at a corresponding angle. It is also necessary to observe the scale and 

oblique linkage of planes. 

Such instruments are called rectifiers of the second type; they have one 

projecting objective. Correct rectification are requires not three control points, 

as during rectification of the first kind, but four2. One advantage of the 

second kind is the possibility of projecting wide-angle aerial-photos 

(26 ■ 100o-122°) with objectives with an angle of field of view 60°. 

1. Rectification of the First Kind 

Rectification of vertical aerial-photographs. During rectification the 

plane of the cassette should be tilted with respect to screen by the angle Oq 

Pig* 53, and the image on the screen should be in the chosen scale. For a 

horizontal [vertical] aerial-photo obtained from 

height H the scale of photographing 

* 

Pig. 53* 

(40) 

*M. M. Rusinov. Optics of aerial photography instruments. ONTINKTP (Department 
of Scientific Technical Information) Leningrad, Moscoe, 1936. 

2Aleksapol'skiy, N. M. Photogrammetry. Moscow, Geodezizdat, 1956. 
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For an oblique aerial-photo the scale on the principal horizontal is determined 

by the relationship 

-4—ir, 
CM«, 

1 cm a. 
• ('(i) 

The last expression is the conditional measure of scale for both cases of 

aerial-photography. The scale of rectification can be considered the ratio of 

distance c (from the negative to the objective) to distance d (from the objective 

to the screen) 

where n is the coefficient of increase of 
In the first system of rectification 

the image. 

and 

CM* 
If in the formula of optical linkage 

J. 1 1 

* +7-7 
we replace c and d by their values, we can obtain 

and 

Therefore 

'-ÏÏSh • 
By this formula it is possible to calculate the sought values of focal 

lengths of objectives of rectifiers, ensuring conditions of the scale of linkage 

at various coefficients of enlargement of the image on the screen. With a small 

a0 (from 0 to 10 degrees) formula (i*2) can be presented in the form 

'-A • <,3) 

Por observing the condition of oblique linkage it is necessary to turn the 
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objective at angle ct corresponding to the magnitude of angular eccentricity: 

Let us define vp. We have: 

/â+rfa> 

therefore 

from which 

(^) 

2. Rectification of the Second Kind 

Let us assume that aerial-photo aob, objective S^, and screen AOB are located 

according to the first principle of rectification. In this case S^i is the line 

of the horizon, and point i is the point of descent (Fig. 5¾). 

We place the objective of the rectifier in new point ari<ji the screen is 

shifted to the position in which point a, o, b of the aerial-photo will be projected 

on the screen in tne form of points 0^, . 

Then, so that segments and are equal to 

segments AO and OB, the plane of the screen should 

be parallel to the line of the modified horizon 

S2i. This follows from the theorem of projective 

geometry, according to which two series of points, 

projective to a third series, are projective 

among themselves. In this case series of points 

A, 0, B, and • of the terrain and points A^, 0^, 
Fig. 5¾. 

and » of the screen are projective to points a, o, b, and i. 

It is necessary to be certain that the change of the position of the objective 

does not cause distortion of the angle along another direction perpendicular to 

the plane of the figure. Suppose that central angle i'oi on the aerial-photo 

is the image of angle i'S^ on the terrain. Then it is necessary that with modified 

position of objective S2 the given angle on the screen be kept, i.e., i'S^l » 

■ i'S^i, which is possible only in that case when S^l ■ S^i. Consequently, due to 

the inequality of focal distance of the chamber of the rectifier to the focal length 
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of the aerial camera, the objective must be placed on an arc of circumference whose 

center is at the point of descent. The distance of this point from the center 

of the aerial photo and from the objective will be correspondingly 

tim/tdgm0 
(^5) 

and 

It is possible to place objective Sj on the arc and above point S^, for 

instance, at point S^. 

Basic angles of rectification. Let us define basic angles v and v„ which 
P 

is characterized the relative position of the planes of the negative and screen 

(Pig. 55) with scale and oblique optical linkage of the aerial photo and the 

screen taking into account the 

geometric requirement S2i * S^. 

During calculations the nodes of the 

objective, in view of the small distance 

between them (0.5-2.0 mm), can be 

replaced by one point. According to 

th'í condition of oblique linkage, the 

planes of the negative, objective, 

and screen pass through point K. 

Then, with optical linkage of points 

m and M we obtain 

or 

At the same time from the similarity of triangles mMK and mSjl we have the 

relationship 

-&+V 
*• 

mfC 
W 

in which the right side of the equality can be determined from the similar triangles 

SgKm and rKi, which gives 
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Consequently, 

•If «i 
TR * 

•dJa 
«• X ' 

l.e., 
/=*• ( ^7) 

Let us determine angle vE< Since 

fmSftllnvg 

and 

then 

from which 

or 

«Iin>g= 

For determination of angle vp from triangles OoK and S2ol it follows that 

* £ 4«inv, 

7“W Ttg^t 
Replacing the ratio c/d with its expression, we have 

(^8) 

from which 

cota« /ft$lnv,coss,. 

— “ /ïnV’ 

lia ** . 
( ^9) 

Comparing formulas (H8) and (49), we see that between angles vp and ,E there 

is the simple dependence 

lia Vf s: Il lin v^. ^Cj0) 

For determining angles of tilt of negative vc and screen vd we write 

e ot _ S,t 
TfiTï^re- COS COSV, 

or 
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Therefore 

~SSVß +*i) <B««cmv4 lin^coav^* 

(51) 

(52) 

Dividing equation (51) by equation (52), we obtain the formula for determination 

of angle ar 

CM«|i (53) 

The value of angular eccentricity e of the objective is 

Another expression of eccentricity follows from the formula 

from which 

m.o It —if -¡¿tcoav,—/4c»|a, 

tea« 

On the basis of given formulas it is possible to calculate the required 

wlde-angleness of projection objective. Por this purpose it is necessary to plot 

segments o^ and or2, from center equal to the half diagonal of the rectified 

aerial-photo. Angles mS2r2 and mS^ or the angles of the light bundle, where 

their maximum value appears with minimum enlargement. Thus, the working angle of 

the objective is equal to 

**«*(•+«V»). 

Optical scale linkage of planes of the aerial-photo and screen can be executed 

along different lines. Along the line mM it iwll be characterized by the equation 

(54) 

±+±, 
«i «• 

I 

s7 ' 

The formula of linkage of segments along the axis S2o has the form 



1 
(55) 

«M 

i 17. Systems of Photorectifiers 

The basic axis of photorectifiers usually is vertical, which predetermines 

the type of Instrument. With this axis it is possible to combine one or another 

line of the theoretical system of rectification for instance S2m, SgO, 

(Pig. 55). 

Rectifiers -orrespondlng to the given diagram have different operating 

properties. 

1. The Great Rectifier 

The great rectifier (®TB) [PTB], manufactured in the USSR, is an improved 

construction of the Zeiss rectifier. 

The structural axis of the instrument coincides with the principal optical 

axis of projection of the objective Sgin. Therefore, for correct rectification it 

is necessary to displace the principal point of the negative from the structural 

axis by the magnitude of eccentricity mo and to fulfill conditions of scale and 

oblique linkage. Scale linkage of planes of an aerial-photo and the screen is 

executed in accordance with the formula 

(56) 

with the help of a rectangular inversor (Pig. 56). Around the center C revolves 

a square, consisting of two rulers, fastened at a 90° angle. With a shift of the 

carriage with center C upwards or downwards the upper carriage with the negative 

is set in motion, as a result of which linkage of planes of the negative and screen 

is attained. Formula (56) is observed during any increase of projection, for the 

reason that perpendicular CSj (console with objective S2) is the average proportional 

segment between segments x and x*. 

Oblique linkage of planes of the aerial-photo, screen, and objective 

attained with the help of the linear oblique inversor (Fig. 57). 

To the cassette of the rectifier at point m and to the screen at point M 

are fastened levers and i2 perpendicular to planes of the negative, screen, 

and axes of their rotation. At distances r guides y^ and y2 of the carriages are 

fastened. At point i is the axis of rotation of inversor ruler NN, Joined with 
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levers ^ and t2 and carriages. Such a system strictly 

solves the problem of oblique linkage of segments of 

the aerial-photo and scxeen. Actually, 

' 9x 
and 

Furthermore, 

and consequently 

&Ä-Ä. 
r A 

A A* 

StKtmStK* 

Thus, planes of the aerial-photo and the screen 

Intersect on the extended principal plane of the 

objective. 

We find eccentricity mo of the aerial-photo (Fig. 55) 

from equation 

mommt—oi. 

where 

mi**- eosv. 

from which 

(57) 

Principal parts of the instrument (Fig. 58) are: 

the base, vertical rods, screen, center carriage with 

objective and illuminator, negative carriage, scale, 

and oblique inversora. 

Fig. 57. The base is a hollow casting with two foot controls 

of changing the scale of projection and tilts of the screen. On the base are 

fastened three guide rods, united by a rim. The carriage and counterweights 

shift along the guide. 

The screen (1 * 1 m) is tilted at angle from the rotation of the eight 
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foot control. Angles of tilt are counteo off along the limb. Slope of the screen 

at an angle to degrees Is possible; this permits rectification of aerial“photos 

with angles of tilt approximately 20 degrees. 

On the middle carriage Is the objective "Beam" 

with focal length l80 mm and 26 ■ 76°. Its working 

aperture is established with the help of an Iris 

diaphragm within the limits 1:6.8 to 1:36. On the 

middle carriage there Is also an illuminator, which 

Is a reflector of ellipsoidal form. In one of its 

foci there is a lamp and In the other, the entrance 

pupil of the objective, which ensures good Illumination 

of the field of the image. 

The negative carriage contains a cassette, tllteu 

on angles vp around an axis parallel to the axis of 

rotation of the screen. The cassette with the 

negative can revolve 360° degrees in its own plane; 

furthermore, there is the possibility of transferring 

it by magnitudes of eccentricity Ax, Ay. 

Scale linkage of the planes of the screen anu 

the negative is decided by two angular inversors, 

located on the right and left of the instrument directors. Summits of right angles 

Inversors are set in motion by two coupled screws during shifting of the miadle 

carriage (with rotation of the left foot control); therefore the upper parts 

of the Inversors transfer left and right sides of the negative carriage to 

Identical segments, as a result of which the horizontal position of axis of the 

negative carriage is ensured. 

The oblique inversor consists of a long ruler, revolving around the axis, two 

levers, and two carriages, shifting along a horizontal guide. The axis of rotation 

of the inversor ruler stands apart from the center of the objective at a distance 

z ■ 1Ö0 mm, equal to f (focal length of the objective); at the same distance from 

the axes of rotation of the cassette and screen are rollers of horizontal carriages, 

Joined with the inversor ruler. When the screen is tilted the lower carriage is 

displaced and, as a consequence the inversor ruler turns. The latter, in turn, 
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displaces the upper carriage and, consequently, tilts the negative. 

Working movements in the instrument: 

1 - change of scale of projection with the left foot control; 

2 - turn of the aerial-photo in its own plane on angles « with the help of a 

crown-shaped cogwheel, by hand; 

3 - introduction of angles of tilt of the cassette and screen vp and vE by 

the mechanism of oblique linkage with the right foot control; 

4 — Introduction of eccentricity of the aerial-photo Ax, Ay (manually). 

Construction of this instrument is greatly improved. 

2. Small Rectifier 

The small photorectifier (flM) [FTM] manufactured in the USSR, is the 

photorectifier Zeiss SEQ-IV. 

This instrument is intended for rectifying aerial-photos of vertical aerial- 

photography. Fig. 59 shows the system established in the basis of construction of 

the Instrument. Its structural axis is ^20^. 

The negative remains horizontal during rectification 

and the screen is inclined on angle vp + Vg. For optical 

linkage the principal plane of the objective is inclined 

on angle vp. 

Furthermore, the negative must be shifted by the 

magnitude of eccentricity 0^0, laid out on axes x and y. 

Scale linkage along the axis $20^ should be executed 

by the formula 

1 X 1 - 1 7+i“:zr • 
••V 

(58) 

Fig. 59. practice it is executed with the help of a 

ribbon inverter [invemor]. Its arrangement is based on use of symmetric point c. 

Fig. 60 shows geometric elements of the ribbon inverter. If interval x + x' 

is divided in half and triangle cae is constructed with leg ae equal to f, then 

fMf-W-W. 
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Furthermore, 

where 

*+Jt 

From which 

or 

Therefore, if ce ■ p and ac » q, then a similar system 

automatically solves the equation of Newton 

JM'x=/' 

and equal to it 

-*»=/•. (59) 

So that point c would always occupy a center position, during its vertical shift 

connected with the movement of the objective carriage, the negative carriage should 

shift two times faster. With fulfillment of this condition the objective and 

negative are established in a position according to the formula (59) in which 

a sharp image is obtained. 

Construction of the Inverter. On bed 1 (Fig. 6l) carriage 2 shifts with the 

negative, and the carriage with objective 3. Beams from the negative pass through 

the objective to screen 4. Roller of focal length? 

5 is located on objective carriage 3 and is separated 

from roller 6 of the middle support by the distance 

e^S ■ p. The projection of segment e^ on the horizontal 

plane is equal to f. The place of median point e^ 

is the location of roller 6, connected with tape roller 

5. The end of the tape is connected to a rod whose upper 

end is connected to negative carriage 2. Another tape, 

supporting the negative holder, passes through roller 7, 

fastened on the same support as roller 6. 

Rollers 6 and 7 of the middle support shift with a 

speed twice smaller the speed of movement of the negative 
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carriage, which ensures the middle position of roller 6. 

At a scale of projection of 1:1 rollers 5 and 6 have to be set on one height 

which is used during adjustment of the inverter. By means of winding the tape on 

roller 5 it is possible not only to execute adjustment, but also to remove blurryness 

of the image caused by noncompliance with the formula of linkage. 

Oblique linkage of planes of the objective and screen is carried out by a 

tangentially-oblique Inverter (Pig. 62). With slope of the screen at angle 

Vp ♦ Vg through the system of gear transmission, 

flexible transmission, and a tangential screw the 

support of the movable part and the lever of the 

objective are set in motion. The latter is tilted on 

angle v . In this p 

ftmrl((v, +vff)s Artgv,, 

where r is the distance of the pusher of the lever of 

the screen from the axis of its rotation. 

Inasmuch as 

F*/+ and rfi+ ^ 

then 

m 1 + H. 

Therefore it is possible to write the equation in 

the form 

+ V 
From the equation it follows that distance m of the pusher of the lever of 

the objective from the axis of its rotation is a variable magnitude and depends on 

the increase of n 

asrO+a). 

Since the distance from the objective to the screen is expressed by the formula 

d^ ■ P(1 * n), the change of length m of the lever is connected with a change 

in dj^ by the dependence 

Therefore the change of length m of the lever can be carried out with the 
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help of a ruler set at an angle 1 to the structural axis of the Instrument and 

connected with mobile part m. Angle 1 of tilt of the ruler Is determined by the 

equation 

1(1. (60) 

At a coefficient of Increase n * 1, the length of lever m * 2r, and the point 

of tangency by pusher of the ruler Is at a distance of 2f from the screen. 

The eccentricity of the negative is shown in Fig. 59- The formula determining 

the magnitude of eccentricity has the form 

(61) 

The base of the photorectifier (Fig. 63) 1b a metal table to which are fastened 

the frame with the screen and the vertical bed. Along the bed is located the ruler 

of oblique inverter, slanted at angle 1. The screen 
« 

Is located on Cardan axes; with the help of hand 

controls it is possible to tilt it in two directions, 

which leads to the necessity of applying two oblique 

inverters. One of them revolves holder of the oblique 

on angle v and the second [rotates] the semicardan 
px 

Joint with the objective fastened in the holder on 

angle v . The semicardan Joint with the objective 

py 
fastened in the holder. 

The scale inverter is located on the side of 

the bed and is set in motion b> the foot control 

through telescope shaft. 

Before photocopying it is possible to set the 

diaphragm and to close the objective "Beam" with a 

red light filter. 

On the carriage of the objective is located an 

Fig. 63. illuminator with a high-power lamp located in the 

focus of an ellipsoid. Therefore the position of the lamp with respect to the 

objective is fixed. 

In the cassette of the carriage it is possible to place aerial photos with the 

size 300 * 300 mm with continuous film. 
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With the screw It Is possible to introduce eccentricity Ay of the cassette with 

the aerial photo, and by shifting the actual aerial photo eccentricity ax (readings 

of magnitudes of introduced eccentricity are lacking). 

The instruments are used for rectifying vertical aerial photographs during 

preparation of photomaps utilized during the creation of maps of scales 

1:10,000-1:25,000. The range of enlargements of projections is within limits of 

0.6-2.5. 

Table 9 gives data characterizing the photorectifiers PTB and FTM used in the 

USSR. 

Table 9 

Data 
Typ» photortctlfltr 

PTB PTM 

Sli» »f »»rlal.photo», en 
Dlm»n»ion of th» »creen, en 
Focal length of th» objective, 
Bnlarg»n»nt 
Tilt of th» »creen, degre»» 
Eccentricity, on 

Turn of th» aerial-photo w 
Power of ll#it lourre, watt» 
H»lÿit of th* Irotrunent, r 

0.7.^.5,0 

A 10 

100 
0.0 

KXIS..-30X30 
•0X30 
100 

0,7...3,0 
H.0 

* 00 
A 00 
0* 
100 
0.4 

Photorectifier SEO-V (Pig. 64), make in the Federal Republic of Germany, is 

characterized by application of an illuminator of a new form, consisting of two 

plates with concentric deepenings (Fresnel lenses) 

and with a greater range of magnification 

(0.5-6.4*). 

In the instrument, designed on the system of 

rectification of the small photorectifier, mechanisms 

for tilt of the screen are located lower than the 

latter. This creates convenience during use of the 

instrument, since the screen is accessible from three 

sides. 

* ' In the late8t model8 of the SEO-V eccentricities 

• If lUi oí' the ne8atlve» depending on angles of tilt of aerial 

I .j photos in flight, are introduced in the instrument 

automatically by an electrical computer. 

Furthermore, there is an attachment for levelling 

\ 
I 

Fig. 64. 
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the total density of the Image near the density of the chosen aerial-photo, which 

ensures the creation of a high quality photoplans. In one of the photorectifiers 

(Hilger, England) an electron-beam tube Is used for the same purpose. 

Working adjustments of the Instruments. For obtaining rectified aerial-photos 

of corresponding accuracy anu good quality it Is necessary to fulfill the condition 

of geometric and optical linkage of photorectifier parts. Besides this the values 

of zero readings of scales of the instrument are also determinea. After 

adjustments the sharpness of the image at all magnifications is checkeu. 

In vertical photorectifiers start the adjustment by putting the screen in 

horizontal position with the help of a level with division values down to ^5", fixed 

in the direction parallel to the axis of rotation of the screen. Using the lifting 

screws of the photorectifier, bring the bubble to the middle of the level. Then 

with the help of a level check the horizontal position of the axes of rotation 

of the cassette and the plane of mounting of the objective. 

For adjustment of the scale inverter place the measuring grid in the cassette, 

project it on the screen and bring the image to the scale 1:1, combining the image 

with the control grid located on the screen. The distance between the negative anu 

screen should equal to and the indices of scale c and d should equal reading of 

2f and iJf. After that sharpness of the image should be retained during any 

changes of positions of the carriages in height. 

The oblique inverter is adjusted by means of correction of the screen and by 

mounting the objective and negative in a horizontal position and the elements of the 

inverter in the initial position. 

After this the sharpness of the image should be retained at any tilts of the 

screen and negative cassette. 

The illumination system should well concentrate the light bundle on the 

entrance pupil of the objective and ensure uniform illumination of the field of image. 

5 18. System of Rectification on a Horizontal Screen 

The basic axis of the photorectifier coinciues with the tangent to arc S^. 

On the given diagram (Fig. 65) it is shown that the axis of rotation of the chamber 

is at point R. Segment oR is the adjusting magnitude fe in the Instrument. Tilt 

of the aerial-photo on angle v + v,, around point R automatically introduces the 
P ^ 

necessary eccentricity, i.e., geometric conditions of rectification are executea 



very simply. With this the negative should revolve 

In Its plane on angles scale linkage should be 

carried out along the line Nn^ by the formula 

I . 1 _ I 
r+ir°—y—1 

the negative and objective should be Inclined 

correspondingly on angles vp + Vg and (v^-e). 

Rectification Is possible by means of turning the 

negative around the line passing through point n^ at 

angle v vE and Introduction of eccentricity 
P 

^1° »Mvf vf> tgs 

This eccentricity must be expanded along axes x and y. 

We will find the value of adjusting elements oR and SjR: 

where 

OR _ € _ ot 
inr^= tMvTv«)= • 

0^=/. and Oi**ftclg** 

Consequently, 

For composition of a nomograph of values fg It Is necessary to know vd. 

From triangle SjOl 

(ofl»=C«+(5*0* - 2 (S.0 C COI (90° - V^). 

from which 

(62) 

and 

Analogously 

ä« v, « ** * 

(63) 

(64) 

For determining the value of the setting SjR of the axis of rotation of the 

chamber we write 
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f. 
•»*« ••»*< 

from which 

(65) 

The position of axis R of the rotation of the chamber determines the form of 

rectification (first or second kind), since with the approach of point to S^, 

the value of fg will approach the value of fk. 

S 19. System of a Rectifier with a Vertical Axis Passing 
Through the Nadir Point 

Considering Fig. 66, we establish the connection 

$,/=5,/=-£- = :i£ sin «1 «in«, ‘ 
from which for small angles 

(66) 

Eccentricity of the aerial-photo oo1 will be determined by a simple formula 

if we use the point of zero distortions c; with this 

From this equation, after substitution of value and multiplication of the 

right side by F/F we find the value of eccentricity of the aerial-photo: 

(67) 

Tilt of aerial-photo <*n will be determined from the expression 

Putting the values 00^ no * f^c^ and replacing n2, according to the formula 

(66) we obtain 

After replacing a, by a2^k and multiplying the first member of the numerator 
1 F 

of the right side by F/F we obtain 

The angle of tilt of the screen is equal to ae. Inasmuch as according to 

conditions of rectification NK||S2i, then 
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•,=90*-..-(90*-s) = «,— 

Automatic linkage of planes of the aerial-photo 

and the screen will follow in the case when we use 

levers nE and NEj for the given example they will have 

replacing «2 with its expression from equation (68) 

we obtain 

For instance, at fk » 100 mm and F - 250 mm 

«,=s0,72«r 

(69) 

Fig. 66. 

a ratio of arms equal to 0.72. 

With this method of projection a large angle of tilt of an aerial-photo, 

obtained during rectification according to the principle of the second kind, is 

replaced by smaller angles of tilt of the aerial-photo and the screen. 

During transition to another scale of projection in conditions of optical 

linkage the ratio F/fk will change and consequently angle ag will be changed. 

Therefore it is expedient to apply the given system of rectification for instruments 

in which sharpness of the image is kept at large changes of H2 without disturbing 

the magnitude of focal length of the projecting chambeé - for instance, in 

drawing projectors. 

In this case redrawing the image according to zones can be done for relief 

considerable in height without any shift of the nadir point on the screen. 

S 20. Application of Photorectifiers 

1. The Process of Rectification 

In production is applied the method of rectification according to control 

(rectification) points, consisting of the fact that with the working movements are 

sought the combinations of projections of rectified points with their position on 

the plane table, placed on the screen. The plane table is a copy from the basic 

plane table for one or several aerial-photos. Since control points are placed 

on the plane table in orthogonal projection, in the presence of relief the oblique 

image of control points cannot be combined with their orthogonal position. As 

was shown, errors in relief are expressed by the formula 
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à rk 
77=1 (70) 

where r Is the distance of a point from the center of the aerial-photo on a plane 

table, expressed in scale of the plan; h is the elevation of a point above the plane 

of rectification. 

Therefore corrections for relief, calculated by formula (70), are introduced 

in the position of points on the plane table. 

If there are four points with heights A^, A2, A^, Ajj, then it is convenient 

to take the plane of rectification at the average height 

(71) 

since in this case the corrections for relief will be the smallest. Sometimes 

the plane of rectification is taken as common for a series of aerial-photos. 

Corrections are se on plane tables according to directions drawn from the 

nadir point or the prin.'pal point of the aerial-photo. If neither cf these 

points is on the plane table, then take the tracing paper and superimpose on it 

from the aerial-photo not less than four control points and the principal point, 

and then from the latter trace direction to all the remaining points. The obtained 

bundle of directions is the fitted in the corresponding four points of the plane 

table by means of graphical solution of the reverse bearing, since the angles 

between central directions are little aistorted. After this superimposed the 

principal point from the tracing paper onto the plane table. 

The preparation of negatives for rectification consists of pinning with a 

needle those points corresponding to control points of the plane table. For this 

purpose place the negatives on a mounting table with lower illumination. The 

diameter of points pinned on should not exceed 0.1-0.2 mm. Then determine the 

coefficient of shrinkage of the photographic paper, for which a contact print is 

developed from the measuring grid. 

Suppose that a segment of 100 mm grid, after drying, becomes equal to m mm; 

then the coefficient of shrinkage of photographic paper will be k ■ m/100. Its 

calculation is carried out by lowering the screen before photocopying or by removal 

of the base placed under the plane table during rectification. For determining the 

height of shift of the screen (or thickness of the base) it is possible to write 

the proportion 
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where d Is the distance from the objective of the rectifier to the screen at the 

time of rectification and d + e is the distance from the objective to the 

photographic paper due to lowering the screen by magnitude e at the time of 

photocopying. 

Prom the equation we find 

Rectification takes place by means of a consecutive change of scale of the 

image (along two points found on a line passing through the center) and tilt of the 

screen for combination of luminescent points of the aerial-photo with the third 

and fourth points of the plane table. In case of inconsistency of points the 

cassette (FTB) is revolved on angle k and the process is repeated in the same 

sequence until exact combination occurs (0.3-0.4 mm). Moreover in the 

photorectlfler FTB and PTM eccentricities of the aerial-photo are used movements 

dependent on angles of slope of the cassette. 

After that the scale of image Ik increased in accordance with the distortion 

ratio of the photographic paper; the objective is closed by a red light filter; and 

put photographic paper on the screen. By removing the light filter the image is 

exposed, image, after which the print is developed and, if its quality is 

satisfactory, the following aerial-photo is rectified. 

The rectified image is free from errors caused by elevations of stations and 

angles of tilt of aerial-photos, but its points are displaced due to the influence 

of relief. Therefore, during fluctuations of relief which cause displacement of 

points on the map by more than 0.4 mm, conduct photocopying of the rectified 

image by sones with an appropriate coefficient of magnification. It is established 

by means of combination of projections of rectified points of aerial-photos with 

corresponding points of the plane table, corrected for relief relative to the 

average plant of the given zone. 

2. Assembling of Photomaps 

Por creation of a photomap of a site place rectified aerial-photos on the 

plane table in such a manner so that their control points coincide with those of 
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the plane tabJej for convenience of combination pierce the point with a punch 

with a strike diameter of 1.5 mm. 

In the middle of the overlap of neighboring aerial-photos make a cut with a 

lencet; the line of the cut should intersect the least [possible] number of contours. 

To avoid cutting the plane table place cardboard under the aerial. Then super¬ 

fluous parts of aerial-photos, and give the remaining parts on the plane table for 

connecting them to the photomap. 

The noncoincidence of contours on the line of the cut should not exceed 0.7 mm. 

Aerial-photos are glued with amylacetate glue, which does not cause distortion; 

glue can be removed from the surface of the photcmap with acetone. 

During rectification according to zones cut the corresponding part from every 

aerial-photo and glue it on the photomap. 

After preparation put the photomap under a press or press it with weights 

for a twenty-four nour period. Then trace the frame on the photomap, mark the ends 

of the kilometer gfid, mark the control points, and note inhabited localities 

and so on. 

A photomap 1^ used: 

1) in the national economy (rural [Ü] and fores economy, du’ 'ng construction, 

for hydrotechnlcal purposes, etc.); 

2) for creation of topographic maps by the combined method, in which the 

contours are placed on the photomap with the help oí' a plane table and telescopic 

alidade in field conditions; 

3) for creation of topographic maps by means of transfering to the 

photoplan contours plotted on aerial-photos in laboratory conditions, with the 

help of stereoapparatuses. 

3. Special Cases of Rectification 

With the theory of rectification is disturbed compression, estension, and 

misalignment of the image are possible. Let us place an object in the form of a 

square on the screen of the photorectifier in such a way that two sides of it are 

parallel to the axis of rotation of the screen. Let us then set up the screen 

and, consequently, the cassette in a very slanted (up to 20 degrees) position. 

After this, by illuminating the square we obtain on the cassette an image in the 

form of a trapezoid. If one were to prepare a negative, ,'lace it in the cassette 
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of the photorectifier with those same set ups of screen and cassette, then on screen 

will again be depicted a square. 

In case of introduction of lateral eccentricity of a negative with a slanted 

screen, i.e., its displacement parallel to the axis of rotation of the screen, we 

will obtain small displacements of the image in the raised (upper) part of the 

screen and large displacements in the lower part of it; the dimensions of the 

sides of the image are not distorted. 

Thus, after double rectification the Initial square can be obtained in the 

form of a rhombus Inclined to the left or to the right, the more, the greater the 

eccentricity of the negative. 

For compression or extension of the image of the square it is necessary to 

Introduce transverse (to the axis of rotation of the screen) eccentricity and 

additional tilt. As a result we obtain: 

a) small displacements in the direction of slope of the screen of the upper 

part, and large displacements of the lower part of the image in that same direction; 

since in this changes of various parts of the image are unequal, we will observe 

compression of the figure with simultaneous disturbance of the parallelism of its 

lateral faces; 

b) parallelism of sides during additional slope of screen; 

c) small change of scale of the image. 

Thus, by affecting (after introduction of eccentricity) of slope of the screen 

with the steering wheel and changing the scale, it is possible to turn the initial 

square into a compressed or elongated rectangle. By combining both movements of 

eccentricity on the basis of the initial square, it is possible to obtain the 

figure of compressed and elongated rhombs. 

The given method is used in the USSR during creation of varieties of type, 

and also during rectification of aerial-photos of evenly tilted sections of the 

terrain. In last case the result is attained during a single rectification. 

4. Courses of Development of Photorectifiers 

The use of radio altimeters and statoscopes in the process of aerial-photography 

presents the possibility of sufficiently exact fixation of the height of an air 

station above the Earth's surface. Therefore during rectification of a photograph 

it is completely possible to establish beforehand the scale of the projected image 
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on the phototransformer. 

The presence of stabilizing devices in the aircraft and in the camera mount 

of the aerial camera at present presents the possibility of obtaining aerial-photos 

with small angles of tilt. 

Formulas for tying coordinates of points of an aerial-photo and the terrain 

show that at angles of tilt of aerial-photos of 10-15', it is possible to use them 

as horizontal photos for the creation of the contour part of a map. Therefore 

the photorectifier will serve only for changing the scale of the image; the only 

working movement will be the linked transposition of the objective and negative 

along the structural axis. Oblique linkage, eccentricity of negatives, and their 

rotation in a plane appears unnecessary. 

Furthermore, there arises the necessity of creating larger magnifications of 

projection that is accepted (for instance, instead of 1.5, up to 6-7). 

One of the instruments with such magnification, without oblique linkage and 

without eccentricity, was built by the wild plants in I960. The development of 

instruments of optical conversion of mountain aerial-photos into orthogonal is noted. 

These instruments are based on the principle of slot projection. 
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CHAPTER V 

DIFFERENTIATED METHODS OF CREATION OF TOPOGRAPHIC MAPS 

S 21. General Principles 

Differentiated methods of creating topographic maps consist of processes 

executed on different Instruments. Included In these processes are: determination 

of heights of points of terrain by aerial-photos, Independent of their horizontal 

position; drawing of relief on aerial-photos; map-making with the use of the 

photomap; and others. 

With the help of comparatively simple instruments (stereometers) it is 

possible to produce a drawing of relief directly on the aerial-photos. This is 

sufficiently effective and in many cases satisfies accuracy requirements. With 

the help of photorectifiers or projectors the contour parts of the map are composed. 

Thus, the process of creation of a topographic map is divided into a series 

of stages or operations. This method of map-making is called in the USSR the 

method of differentiated processes. Differentiated methods were widely developed 

and at present also include processes of determination of elements of relative and 

external orientation of aerial-phot's, processes of thickening of the horizontal and 

high-altitude control net, and others. 

Investigations of causes of the appearance of a difference of longitudinal 

parallaxes, their distortions, and structure of transverse parallaxes presented 

the possibility of analytic solution of the problem of orientation of the 

stereopair. 
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At present topographic maps of almost all scales are created by differentiated 

methods. The effectiveness of the shown methods is a function of the quality of 

aerial photography and also increases on the requirement for topographic-geodesic 

substantiation decreases. 

Determination in flight of heights of photographing and elevation differences 

between ends of bases and the fixation of tilts or stabilization of the aerial 

camera create especially favorable conditions for more precise definition of results 

of treatment of aerial-photos. 

Lessening of topographic-geodesic substantiation obtainable on the basis of 

application of the methods of extension on the stereometer, an undistorted model, 

and thickening of the control net on universal Instruments all create conditions 

for Increasing the effectiveness of the method. 

5 22• Axes of Coordinates of Aerial-Photos of a Stereopalr 

ihe position of points of the aerial-photos is measured in a plane rectangular 

system of coordinates. 

As the direction of axis y. of aerial-photos it is convenient to take the 

trace of the vertical basic plane, passing through nadir points n^^ and n2 (Fig. 67), 

and as the direction of axis y, lines perpendicular 

to the x-axls and passing through principal points 

Oj^ and o2 of the aerial-photos. Selection of 

these axes of coordinates also predetermines their 

origin, being in points e1 and e2, called the 

exnadirs, which are characterized by the fact 

that right angles and n0e,o2 on the aerial- 

photos correspond tj right angles on the terrain. The indicated characteristic 

follows from the fact that angles measured on the aerial-photo at points o^^ and n 

are connected with corresponding angles measured on points 01 and of the terrain 

by the dependences: 

■»«»«fc/ViCO»«,. 

On the basis of tnese dependences it is possible to write 

Fig. 67. 

(73) 
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from which It follows that angles ^ and are angles of a right triangle, l.e., 

AE1 ■ 90°. 

Thus, in spite of the presence of angles of tilt of aerial-photos it is 

possible to have the principal coordinate axes both on the terrain, and on the 

aerial-photo as perpendiculars. The locus of points at which angle e is not 

distorted will be a circle with the center located on the principal perpendicular 

and half way between the nadir point and the principal point. 

The position of points of the exnadir ana nadir with respect to the center of 

projection is determined by the formulas (Pig. 68) 

A$s= 

since angle neS is a right angle. 

CM« CM «COS« 

(7*0 

Correspondingly the distance from the point of the exnadir to the line of 

the horizon along axes of coordinates y and x will be 

ctg«), 

cfe«. 

(75) 

»(76) 

We will derive the formulas of connection of coordinates of points of the 

terrain and the aerial-photo in the selected system of coordinates. 

In agreement with Fig. 69, which shows the section of the stereopiar along 

the vertical basal plane, for the left aerial-photo e^ - x^^ and segment 

Slel " Íií_• 
COS 

Tracing through determined point M the line MD parallel to the axis x of the 

left aerial-photo, we obtain from the similarity of triangles and SjDM: 
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Jtj DM _ XiCMMj 
h ~T5^~ ESl—D E 

or 

151 H, -A’lSim, 

This equation permits establishing a mathematical linking of points on the 

terrain and the aerial-photo located in the vertical basal plane. 

Such an equation of linkage can be obtained also for points located in a 

(77) 

plane perpendicular to it and passing through axis y, i.e., 

■X= M+i'/«-. 
«*•*1 

On the basis of formulas (77) and (78), which uetermine the position of points 

of descent of lines parallel to the axes of coordinates of the aerial-photo, anu the 

formulas of connection of coordinates of points of the 

terrain and the aerial-photo, it is possible to construct an 

image of a rectangular cooruinate grid on an aerial-photo. 

Here the origin of the coordinate system is at the point of 

the exnadir. When working with stereometers, for practical 

purposes take the principal point as the origin of coordinates, 

which somewhat lowers the usual accuracy of determination of 

heights of points. 

§ 23. The Connection of Differences of Longitudinal Parallaxes 
AP with Differences of Heights h of Points of Terrain" 

Base and Height of Photographing 

Determination of heights of points of terrain and the image of relief are 

based on dependences between difference Ap of longitudinal parallaxes of two 

points on aerial-photos and the difference Ah of heights of these* points on the 

terrain. 

Fig. 70 gives the diagram of intersection of points lying in a plane passing 

through axis X and centers of projection S1 and S2, from which it is clear that 

according to a strictly vertical survey 

(78) 

AP 
H — k 

In the scale of the aerial-photo 

(79) 
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In formula (79) the values of ap and b0 are expressed in millimeters and those 

of h and H - h in meters. 

It is possible to determine the valve of the difference of longitudinal 

parallaxes of a point by the equation 

apx=^,-a;-5, 
or in the scale of the aerial-photo 

(80) 

Ajfsjti —(8l) 

Formulas (79) and (8l) are basic for determining heights of points. 

Let us find the value of Ap with tilt of aerial-photos of the stereopair. In 

this case coordinates x^, x2 will be distorted and, consequently, the magnitude Ap 

will also be changed. 

Fig. 71 shows the change of coordinate cm of the aerial-photo due to tilt of 

the photo on the small angle a.; it is equal to A . Let us determine its 
i x1 

Æ content for which we will write 

and for negative x 

à*1*= 
/**“x«*» 

Àx'=7t+X'i:m' 

(82) 

(83) 

At a < 3° the values of corrections a are obtained by these formulas with 

an accuracy of 0.01 mm. 

Such distortion of a section will be apparent also on the right aerial-photo, 

but in addition to it there is added the distortion due to the excess of point S2 

above point St . 

In the absence of an excess between points S^ and S2 the relation of segments on 

the right aerial-photo and the terrain has the form 

and in the presence of excess 
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Solving the equations Jointly, we obtain the value of the correction in the form 

or in the scale of the aerial-photo 

/• 

(8¾) 

(85) 

For a tilted aerial-photo instead of x^, i.e., the distance from the center of 

an aerial-photo to the image of a point, we must take the distance xQ, where 

**>»■» . (86) 
**«« 

The true difference of longitudinal parallaxes for points on axis x, expressed 

in the scale of the aerial-photo, has the form 

à*=àp,+*P„ 
where Ap. is the measured difference of parallaxes; 6p is the sum of corrections X A 
for tilt of aerial-photos along axis x and the excess between centers of 

projections. The sum of corrections for the difference of longitudinal parallaxes 

relative to the principal point of the right aerial-photo with elimination of 

constant terms is equal to 

*ß' l~ /T 

Fig. 72 shows the distortion of coordinates x as a function of angles w. 

The value of Ax^ is determined by the relationship 

* * 
y -"»i, /*(c«g•»+**•) ‘ 

Dropping the terrain tgw in the denominator because of its smallness, we 

(87) 

obtain 

:88) 

The expression of the correction for the difference of parallaxes will have the 

form 

<89) 

Thus, the general formula of correction for the difference of longltuuinal 

parallaxes will be 

*V. xAH - “ 



This formula, we will see below with the same or other simplifications Is 

applied In the theory of stereometers. Furthermore, It can serve for Investigation 

of accuracy of work of calibrating Instruments by means of 

Indicators. 

Elements of orientation and ^ are not 8lven ln 

formula (90), inasmuch as they are introduced 

immediately in the phase of th« first stage of orientation. 

Fig. 72. For calculation of the correction for the difference 

of longitudinal parallaxes by this formula, it is necessary preliminarily to 

determine elements of relative and external orientation of aerial-photos. Formulas 

of connection of coordinates of a photograph and terrain also show that solution 

of a problem of intersection of points is possible only in the case when angles of 

tilt a and w of the principal axis are known. Physical methods of determining 

these angles at present do not give sufficiently accurate results, and therefore 

it is necessary to use photogrammetric methods for solution of the problem. 

If coordinates of three or four control points are determined on the terrain, 

by means of one of numerous methods of double-point interpolation in space it is 

possible to find both the coordinates of the center of projection and angles of 

tilt a and u. However, these solutions are very laborious. 

Another method consists of preliminarily determining elements of relative 

orientation of aerial-photos and then elements of external orientation. By 

calculating the corrected differences of longitudinal parallaxes of points, one 

can determine the elevations between them by formula (79). For this it is 

necessary also to know the value of the base and height of photographing. 

Determination of the base of photographing. Determination of the base of 

photographing is possible by means of measurements by aerial-photos. On horizontals 

of aerial-photos the distance between principal points is equal to the base in the 

scale of the aerial-photo. 

In the presence of angles of tilt of aerial-photos the distance between their 

centers cannot be taken as the value of the base. Considering Fig. 73, on which 

aerial-photos are given angles of tilt identical in sign and magnitude H is taken as 

equal to f^, it is possible to formulate two expressions of the true base b0: 
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and 

Considering that tg and tg A2 correspondingly are equal to and ■*£ and 
^ fk 

that <»! - «2 “ Aax* af,ter a numt>er °i* conversions and simplifications we obtain 

and 

*é=*i+ ^-«i +A -A0 Ml 

^*ir 

Designating 

and taking 

we obtain the value of the base as the average of two determinations 

(91) 

4*s=4' + ^/â+^. —^A*#-y. (92) 

The difference between values of the base on every aerial-photo is small even 

in the presence of angles of tilt; with symmetric tilts of aerial-photos the 

bases are identical, but essentially differ from b0. In 

Table 10 there are given values of b1 and b2 calculated 

exact formulas with b0 ■ 70 mm. 

Error in determination of base bQ by formula (92) 

is equal approximately 0.5-1 mm; without taking into account 

angle (a1 - a2) this error could attain 13.8 mm (with 

“l *■ a2 * 1)0 ^ ‘ Therefore bases should be determined by 

formula (92) [11]. 

Determining the value of the height of photographing. 

The height of photographing (H) above the earth's surface 

is determined from geodesic control points, points of phototriangulation, or 

directly from results of treatment of statoscope and radio altimeter readings. 

Depending on the relief of the terrain and the scale of the composed map the accuracy 

of determination of heights of photographing should be within limits of 2-10 m. 
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Table 10 

Argl* of tilt 
of the left 
Herial-f'hoto 

Anglt of tilt 
of th» ri ht 
lírial-piolo 

■S 

Bajía on th* 
left a# rial- 
photo 

Ik, JM 

bu» on th» 
rltfit wri»1. 
photo 

I». MM 

Dirr»r»nc< 
if tuu 

I.-I*. 
MM 

Notu 

+ 1 
• 

+ * 

il 
il 

».7 
•3,0 
77,0 
«.* 

70.7 
n.a 
Tt.l 
M.3 

-1.0 
0.3 

-1.1 
0.« 

70 MM 
/» = 300 MM 
AMs 0 
*.= 0 

i 2¾. Dependence of Tranaverse Parallaxes on Elements 
of Relative Orientation of Aerlal^photos 

Magnitudes determining the position of one aerial-phot ’ f the stereopair 

relative to another are called elements of relative orient„„Ion of aerial-photos. 

Usually the basic system of elements of relative orientation is accepted. In 

which the relative position of aerial-photos is determined by angles t1 and t2 

between the directions of principal rays and the perpendicular to the base, and 

also by angle e between the principal basic planes containing principal rays. 

(Figs. and 75). Elements of relative orientation In a given system are also 

angles k of aerial-photos between the trace of the 

principal basic plane and the x-axis. Determination of 

elements of relative orientation Is based on connections 

of angles with values of transverse parallaxes of 

points of aerial-photos. The transverse parallax 

of a point is the difference of Its ordinates on the 

left and right aerial-photos of the stereopair. 

For deriving formulas of connection of elements 

of relative orientation of aerial-photos and transverse 

parallaxes of points we take the left serial photos as conditionally horizontal. 

On the basis of formulas (88) and (86) for differences of longitudinal parallaxes 

the expressions of distortions of ordinates of points 3 

and 5 of the standard system will take the form: 

Fig. 75. 

'A*-®; 
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where 

y - coordinates from the point of ^ero distortions. 

The difference of these dependences gi''es the values of transverse parallaxes 

calculated by the formulas 

l 
with 

(93) 

(9^) 

from which 

(96) 

Taking the right aerial-photo as Initial, analogously we obtain 

(97) 
and 

(98) 

Considering that (o^ - a2) ■ - t2), we obtain 

(99) 

and 

(100) 

These formulas are approximate; the Influence of relief (considerable) Is 

rot considered In them. At small angles of tilt of aerial-photos (up to 2°) 

the second members of denominators of formulas (9^), (96), (98), are not considered. 

Prom the elements of relative orientation of aerial-photos t1 and t2 (Pig. 75) 

elements of external orientation can be calculated: In the first approximation: 

W* - *i + «i« W — “4 + 
from which 

and 
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In addition, 

V. 
(101) 

(102) 

Angles and a2 are elements of external orientation, and the value of v is 

calculated by the formula 

(103) 

where AH is found by statoscope readings and B, from phototriangulation. Knowing 

angle v, it is possible to calculate the values of and a2 by formulas (101) 

and (102). 

For determination of elements of relative orientation, measure the transverse 

parallaxes in six standardly located points [9]. 

5 25. Instruments for Measuring Coordinates and Parallaxes 
of Points of Aerial-photos 

1. Stereocomparator 

This instrument serves for stereoscopic measurement of coordinates of points 

of aerial-photos, longitudinal and transverse parallaxes, and also differences 

of longitudinal parallaxes of points. Points of aerial-photos are observed stereo- 

scopically, in addition to being enlarged, ensuring great accuracy of obtained 

results. For measurements on aerial-photos stereocomparators with cassette size 

18 * 18 cm and 30 * 30 cm are used. 

The stereocomparator of the first type (Fig. 76), manufactured in the USSR, 

consists of a cast iron bed of a box-like section, a base carriage, parallactic 

supports, and a detachable binocular microscope. 

Fig. 76. 

é 
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The upper part of the bed is polished and leveled off; the sides of the rail¬ 

like flanges of the bed are parallel. The base carriage shifts on the bed, 

carrying the cassettes and supports. To ensure easy movement the carriage shifts on 

four ballbearings, two on each side of the carriage; two of them have eccentric 

axes to ensure exact movement of the carriage along axis x. In the ^eft part of 

carriage is a support with the round cassette of the left aerial-photo; in the 

right part is a support of differences of longitudinal parallaxes Ap ■ x^ - x2 - b 

and on it a support of transverse parallax q * y^ - The round cassette of 

the right aerial-photo is on the support of the transverse parallax. 

The coordinates of x^, for various points of the aerial photograph are measured 

by the shift of the main carriage continuing negatives or aerial-photographs and 

having a fixed line of sight. The shift of parallactic supports is used to 

measure the longitudinal parallaxes, their difference Ap, and the transverse 

parallaxes q. The reading of coordinates is produced with the help of a vernier, 

divided Into 25 parts on a 12 mm length, which gives accuracy of reading of 0.02 mm. 

The parallactic screws have a step of 1 mm; the drum of the screw is divided into 

10C parts; therefore accuracy of readings of Ap and q is equal to 0.01 mm. 

Measurement of coordinates y^ of points of the aerial-photo is attained by shifting 

the binocular system across the bed. 

The binocular system (Fig. 77) consists of each branch of the entrance prism, 

objective I, complicated prism of triple reflection, objective II, and the eyepiece - 

in the focal plane of which is the mark for fixation of points of the aerial-photo. 

The slope of the outgoing sighting axes is 30°, which ensures a comfortable position 

of the head of the observer. 

t m 

Fig. 77. 

Use of two objectives I and II with parallel movement of rays between them 

instead of using one objective j.s aone for the purpose of simultaneous obtaining 
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Of a sharp image of both aerial-photos and Identical enlargement of the image, which 

is attained by changing the position of one of the objectives. Overall enlargement 

of the system is equal to ^ . Instead of the given binocular it is possible to 

have a binocular with an 8 enlargement, using for this instead of objective II 

the more long-focus objective III. Replacement of the binocular is executed during 

transition to the treatment of photos of ground stereophotogrammetric survey. 

The glasses with measuring marks are fastened on small supports, allowing 

their placement on optical axes with high accuracy. The ends of the marks are on 

parallel optical axes approximately 60 mm apart. This enables an observer even with 

a small base line of the eyes to make observations with a convergent position of 

axes of the eyes. By using marks with the upper parts shifted inward by 0.1-0.3 mm, 

it is possible to obtain a vertical stereomark with the help of which it is 

convenient to measure parallaxes on aerial-photos. During adjustment of the 

binocular, ends of marks are placed on sighting axes and diaphragms are shifted 

toward one other by 0.5 mm. In consequence of this the stereomark seems to be 

suspended in front of the focal plane In zone of the observed site. The dimensions 

of marks equal approximately 0.5 * 0.08 mm. The diameter of field of view of the 

binocular microscope is less than the diameter of the front lens of the eyepiece 

and consequently the optical base of instrument can be changed by shift of the 

eyepiece only. The latter are shifted with the help of a screw, having on the 

edges a right and left thread, or the eyepieces are given eccentric rotation to 

opposite sides. The optical base enters into limits of 55-72 mm. 

For measurement of coordinates x1, yx and differences of longitudinal 

parallaxes with required accuracy, carriages and supports of the instrument must 

shift smoothly, rectilinearly, and without vibrating. The directions of movement 

of carriage x^^ and support yx must be perpendicular. 

Directions of movements are verified with the help of an 18 * 18 cm measuring 

grid, which is a glass plate with a grid of squares 5 mm on a side. The lines of 

the grid, approximately 0.0^ mm thick, are located perpendicularly to each other. 

By orienting the grid in such a manner that the tips of sighting marks do 

not descent from the lines during shift of the carriage from left to right and 

shifting the binocular along axis y, it is possible to check the rectilinearity of 

guide y and the degree of its perpendicularity to the axis of movement of carriage 

xr 
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For elimination of revealed nonperpendicularity the guide of the transverse 

support can be turned to a better position. The same grids are used to investigate 

degree of perpendicularity of the support of differences of longitudinal parallaxes 

verses transverse parallaxes, and accuracy of work of parallactic screws. 

Errors of screws can be periodic or running. Periodic errors appear on every 

turn of the screw. Furthermore, the parallactic screw should be checked during the 

period of all movement 0-60 mm. With the deflection of readings from their true 

values a graph is composed - a curve, which can be used during treatment of 

observations. The end of the screw should have a hardened ball. To eliminate 

play during measurement, the nut of the screw is notched and tightened by a check 

nut. The parallactic supports should shift under the influence of springs and 

contact the end of the screw by tempered pates. 

Measurement of longitudinal parallaxes. Before beginning work set the eyepiece 

to obtain clear visibility of marks, then establish the optical base for the merging 

of focal fields into one whole. After this use by the rack screw to shift the 

binocular upwards and downwards until a sharp image of the negatives is cbtainea. 

Good accuracy of vertical shift of the binocular is attained by use of a trihedral 

guide locked on all sides. 

Aerial-photos are centered and oriented along the initial direction, using 

screws ^ ana Ap. Then by movements of basic and parallactic supports, and 

also of the binocular, complete the stereoscopic matching of the mark on points 

of the model. By carrying out readings on the parallactic screw and x and y scales 

it is possible to obtain all data for calculations of heights and coordinates of 

points. 

Data of the Instrument 

Dimension of cassettes, cm lb * 18 

Base of output beams, mm 3"0 

Shift of carriages x, y, mm 

Shift of support p, mm 

Shift of support q, mm 

0-60 

‘15 

*90 

Accuracy of measurement of p and q, mm 0.01 

Accuracy of measurement of x, y, mm 0.02 
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Since the shift of support p can be larger than 60 mm, the Instrument is given 

an additional support on the left cassette. 

In 195^ in the K. Zeiss plant (Iona) the stereocomparator I8l8 was created 

for treating 18 « 18 cm, aerial photos, distinguished from former instruments by the 

system of arrangement of optical components and counting devices (Fig. 78). 

Fig. 78. 

During treatment of photographs of ground stereophotogrammetric survey the 

parallactic screws measure not the difference of longitudinal parallaxes Ap, but 

parallaxes p. 

The binocular part of the optical system is fixed, as was the case at one time 

in Soviet stereometers. The movable part of the optical system is under the 

negative. For illumination of negatives luminescent lamps are used. Readings 

of coordinates and parallaxes with an accuracy up to 5 u are produced on conveniently 

located drums. 

2. Stereoscopes and Parallactic Plates 

In expedition conditions and also during the composition of maps on a smull 

scale it is possible to measure parallaxes of points also with simple instruments, 

for instance, with four-mirror stereoscopes (Fig. 79) with attachments. These 

instruments should enable the observer to see the entire area of stereoscopic 

pairs of aerial photos equal on the average to 130 * l80 mm, or part of it - 

60 * 60 min. The stereoscope consists of four parallel mirrors, in pairs, inclined 
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on a ^5° angle to the horizontal plane. 

Let us assume that and s2 are imaginary centers 

of projection found at distance L * 260 - 350 mm from 

the plane of aerial-photos. Main points of the latter 

should be on the base of perpendiculars dropped from 

points and S2. 

The distance between external mirrors of the 

stereoscope is usually 150-200 mm; therefore aerial- 

photos located alongside can be revolved in their planes on angles * ■ *15°. 

It is necessary to consider that rays of sighting directed towards identical 

pointa with the indicated location have convergence close to normal (convergence 

of 15°). Therefore the stereoeffect is obtained without eyestrain. 

During creation of the stereoscope it is necessary to consider the following: 

1. Middle points c of the stereopair are approximately 30 mm from main points 

Oj^ and o2* 

2. Value of L * a^ + a2 + a^. 

3. The base of eyes of the observer is equal to 55-72 mm. 

The center of rotation of the eye-ball is approximately 12 mm from the 

pupil. The surface of the eye with respect to the small mirror is located not 

closer than 15 mm. The diameter of the pupil in conditions of weak illumination 

reaches up to 6 mm. 

5. Thickness of the mirror influences the position of the imaginary center 

of projection; with the index of refraction of glass, for Instance, n ■ 1.51, turn 

of beams occurs as if in its center. 

6. The intersection of longitudinal planes of mirrors with the plane of 

aerial-photos should occur on parallel lines. This purely geometric condition 

is complicated by the additional requirement that the mirror not be wedge- 

shaped; otherwise the line of centers traced on paper and observed in the 

stereoscope is often in the form of two parallel lines or a broken line. Permissible 

break of the line depends on the vertical convergence of eyes of the observer 

which can be accepted as 10' which with a length of ray of 280 mm and for points 

located on the edge of the aerial-photo gives a break of 30'. This magnitude 

can be the Initial during counting of the allowance for the total taperdness of 
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mirrors of the stereoscope. 

There Is widespread use of the folding lens-mirror stereoscope [LZ] (J13) (Pig. Ö0) 

built according to the given diagram. Mountings with external mirrors and legs, 

and also internal mirrors (sometimes 

prisms) are hinge-fastened on the 

holders. Between the mirrors are 

located planoconvex lenses in 

quadrangular mountings. Enlargement 

of lenses is 1.5X; the field of view 

of the lenses is approximately 

100 * 100 mm. Sometimes lenses are removed; then the stereopair is totally visible. 

In order to obtain a good stereoeffect, lines connecting the principal 

points of the aerial-photos must be parallel to base line of the eyes and continue 

each other. Eyes of the observer must be in direct proximity to the small mirrors; 

then the observed field will be of maximum dimensions. Depending on the properties 

of eyes of the observer the centers of the stereopair must be on convergent or 

parallel (but not divergent) sighting axes; the visible transverse parallaxes have 

to be eliminated. With disturbance of these conditions distortion of the 

stereomodel is observed. When the aerial-photo are turned in their own plane 

distortion appears as tilting of the stereomodel across the line of the base, and 

with inequality of distance of centers of projection from the aerial-photos it 

appears as tilt of the stereomodel along the line of the base. Compression occurs 

with divergence of sighting beams of over 6-10°. With decrease and increase of 

distances from the eyes to the aerial-photos there is observed a corresponding 

change in the heights of points, which signifies distortion of the stereomodel 

in the vertical direction. 

The indicated phenomena are explained by a change in the magnitudes of visual 

parallaxes depending on the position of aerial-photos and eyes of the observer 

relatively to true centers of projection. Furthermore, distortion of the stereomodel 

depends also on values of angles of tilt of aerial-photos; for vertical aerial 

photographs it is small- 

Parallactic plates, proposed by the author, serve for the measurement of 

aerial-photos located under stereoscope of differences of longitudinal and transverse 
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parallaxes. In one of the variants the composition of the measuring assembly of the 

stereoscope Includes three glass or plexiglas plates with leveled sides (Pig. 81). 

On the plates there Is a millimeter scale (measuring lines 

with thickness 0.05 mm and an Index). The angle between 

the tapered side and measuring lines y ■ 5°^¾'20". 

Therefore during a shift of one plate along the other It 

Is possible to bring the lines together or to separate 

them. Since In this case sin y «0.1, every millimeter 

of shift of the plate corresponds to 0.1 mm of drawing 

together of the l*nes; this condition is used during 

measurement of differences of longitudinal parallaxes. 

The distance between lines a and b of plates II and I is equal to the distance 

between middle points of the stereopair placed under the stereoscope. 

Using plates II and I, measure the differences of longitudinal parallaxes of 

points after stereoscopic guiding of lines on points of the model. By turning the 

system of plates II, I, and III clockwise 90° above the fixed aerial-photos, it is 

possible to measure transverse parallaxes of six standardly located points by lines 

c and c1, a and a^ d and d1, 60 mm apart from one another. 

Plates ensure measurement of parallaxes with accuracy up to 0.05 mm. There 

are different forms of plates. 

5 26- Measurement of Transverse Parallaxes 
on the Stereocomparator 

Transverse parallaxes of points of aerial-photos are measured for determination 

of elements of relative orientation by formulas (99) and (100). Combine the 

principal points of aerial-photos with centers drawn on cassettes and orient 

these aerial-photos along the initial direction, Joining first the left mark of 

the binocular with the principal point of the left aerial-photo, and transfer the 

base carriage along axis x of the instrument. If the right mark does not pass 

through the principal point of the right aerial-photo, then transfer the latter 

by the necessary magnitude by means of the transverse parallax screw. After 

that Join the left (right) mark with any contour located near the principal point 

of the left (right) aerial-photo, correcting noncoincidence of the right (left) 

mark with an identical contour by means of the longitudinal parallax screw and 
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rotation of the right (left) aerial-photo is its own plane. Completing orientation 

of aerial-photos along the initial direction and producing readings by the 

transverse parallax screw, shift the binocular along axis y by +60 mm (or +50 mm) 

to point 3 (Fig. 74), and measure transverse parallax q^. Then, shifting the 

binocular to point 5 (y - -60 mm or -50 mm), measure transverse parallax q^. 

Analogously repeat the operation by guiding the mark to point 4' (x * +b; 

y * +60 mm) and to point 6' (x - +b; y * -60 mm), after which the measured values of 

transverse parallaxes an used for calculation of elements t and e . 

Table 11 gives a chart of notes of readings and calculations. 

Table 11 

No. of 
point « fielding, mm 

Trarxverat 
portUmx Not e* 

1 
t 
• 
4 
• 
• 

a¡ 
i» 

vs 

0 
• 

+ 0.» 
— 0,41 
41.41 
4 4.77 

jrstO mm 

/-24 • 

If 

0¿6jur, ft + ft » 4 *,06*«, 
4-^=-8,40 „ , f«+f«s+i,14 „ , 

then after substitution of the values in formulas (95)-(98) we obtain 

S«+14M, «t = -68\3, 
t^ + WA •.«-rr.i, 

and also according to formulas (99) and (100), 

fa, s 71',7 
• «r-Of.r. 

Calculations are done with the help of a slide rule. 

Stereocomparators of Increased Accuracy 

In recent years stereocomparators with precision of readings up to two microns 

have been produced in foreign countries. Fig. 82 shows the stereocomparator TA-3 

"Nlstri", which allows overlaying three adjacent aerial-photos for the purpose 

of exact identification of points of triple overlap. 
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Next to the stereocomparator is a table with an electric typewriter for automatic 

recording of the coordinates of observed points. 

Pig. 83 shows the stereocomparator SOM (Prance), designed for use with aerial- 

photos of size 300 * 300 mm and also ensuring accuracy of readings of coordinates 

of 2 p. A binocular microscope gives an enlargement of the image from 4 to 12x. 

Shift of the carriages in the Instrument is ensured by electric motors with a 

speed of :40 mm per/sec. 

It is necessary also to note that in certain new stereocomparators the readings 

of coordinates are taken from the nearest lines of measuring grids, fastened in 

carriages, which frees the results of measurement from a number of errors, connected 

with inaccurate manufacture of carriages or actuating screws. 
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In certain stereocomparators screens and electronic optical systems are used to 

Increase the accuracy of readings of coordinates. 

There are also stereoeomparator models arranged with a perforator of coordinates, 

cards of which enter a computer. 

I 27* Mechanised Solutions of Formulas for Tvinc Coordinates 
of Points of Terrain and AOriai-rhotos 

During aerial photography from the same height and strictly vertical direction 

of the principal axis of the aerial camera, the difference of longitudinal 

parallaxes on the aerial-photos Is connected with elevation differences of points 

by the dependence 

It can be solved If the base and height of photographing, and difference of k 

longitudinal parallaxes are known. However, due to tilt of the principal axis 

and different heights of photographing cf the aerial-photos of the stereopair the 

difference of longitudinal parallaxes of points Is distorted. Therefore on the 

stereoeomparator the distortion of magnitudes would be measured but consequently, 

the elevation of points determined it would be erroneous. 

However, there are stereometers which can automatically correct the measured 

differences of longitudinal parallaxes, after which It Is possible to use formula 

(104). Distortions In differences of longitudinal parallaxes are corrected by 

correctional attachments, by which are solved equations of connection of 

coordinates of points of terrain and the aerial-photo. Let us note that the 

change of abscissas due to the Influence of angle a Is characterized by equation 

(82): angle w by equation (88); and, finally, the influence of elevation iH by 

formula (85). 

Principles of mechanized solution of equations. For eliminating errors in 

abscissas X£ caused by longitudinal tilt a of the aerial-photo there must be Included 

In the stereoeomparator an additional carriage x^ (which transforms it to a 

stereometer), with a shift of which Is considered distortion due to tilt and 

elevation differences of stations for points of aerial-photos located on axis x. 

Carriage X2 is connected with the carriage of aerial-photo x2 by a convergent 

device consisting of two rulers which mechanically solve the equations of 

connection of coordinates of points of terrain and the photograph. 
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For eliminating errors lr> abelooas caused by transverse tilt of the aerial-photo 

It Is necessary to shift the sighting marks along axis y, not along the perpendicular 

to the axis of the abscissas, but along the line of descent, l.e., during match on a 

point with the abscissa x, the mark should move at variable angle pw to the axis of 

ordinates. One of the structural solutions Is to have the mark move along slanting 

directions (stereometer SM-2). In other Instruments (stereometers SM-1, SM-3) 

elimination of errors In ahslccas caused by transverse tilt of the aerial-photo Is 

attained by rotation of the negative on angles pm by a special correctional device. 

This method, like the first one, can be considered exact during possible rotation 

around the point of Intersection of a given line of descent with axis y. Such 

solution of the problem, however, turned out to be difficult; therefore, rotation of 

an aerial photo takes place around the center or exnadlr; transverse parallaxes 

appearing in this are removed by displacement of one of the negatives. 

Mechanised solution of the equation of the connection along axis X. Let us 

assume that the base carriage X moves parallel with the aerial-photo along axis X 

of the instrument. Around the fixed axis of rotation S, perpendicular to axes x 

of aerial-photos, revolve two rulers; between them there Is fixed the angle of tilt 

a of the aerial-photo. One of these rulers Is connected by means of roller a with 

the carriage of the photo and the second, SC, Is connected by means of roller C 

with carriage X (Pig. 84). A shift to the right (or to the left) of the basic 

carriage along the axis X causes a turn of the system of rulers to position PSe and 

thereby a shift of carriage of the aerial-photo to segment x. Suppose that Sa Is 

the line of sight, and point e the point of exnadir shifting to segment x. Then 

±-*A- 

from which 

and consequently. 

X 

IT 
X 

(105) 
ir-**« 

According to the equation, the point of connection e. Joined with ruler Se, 

should stand apart from point S at distance £k_, and point of connection P - at 
cos 
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dlstano* H( equal to the height of photographing. 

Meohanlaed rotation of the aerial-photo. Earlier It 

was shown that In the stereometer SM-1 for elimination of 

error In the abscissas due to transverse angle of tilt of 

the aerial-photo, the method of rotation of negatives in 

their own plane Is accepted. In this case rotation of 

negatives occurs near the center or exnadlr. The correctional 

device which solves the problem Is depicted In Fig. 85, on 

which are shown: carriage 1 of the negative, shifting along guide bed 2} circular 

cassette 3 revolving about Its own centerj correctional ruler 4, established on the 

bed at certain angle pQ to the axis X of the direction of movement of carriage 1. 

Perpendicular to axis X on the carriage there Is mounted 

pusher 5, carrying the roller on the end; the latter 

under the action of the spring touches with correctional 

ruler *1. The pusher Is Joined with the circular 

cassette by a pin which rotates it. The pin Is at 

distance r from the center of rotation of the cassette. 

Carriage 1 Is shifted with the help of roller 6 of focal 

lengths. 

In the position depicted on the figure the sighting axis of the branch of the 

binocular is directed towards the point of exnadir e, and the axis of the roller of 

the pusher Is combined with the axis of rotation of the ruler; therefore any of the 

fixed angles pQ does not cause displacement of pusher 5, or consequently, and 

rotation of the negative. If, however, the carriage with the pusher and the 

negative is shifted to coordinate x (Pig. 86), the pusher is shifted to segment a, 

9 turning the negative on angle pw; the line of descent 

nr TIT mi Will occupy a position parallel to the axis Y. In 

Uäu^-'T’I r eyepiece point m will be observed. Then 

Wlw-7-. 

By solving the equations Jointly we obtain 
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Zn agrevmtnt with Pig* 8? 

thertfor« 

(106) 

(107) 

It Is simple to note that will be constant for a given angle w. With 

w ■ 3°, r • 100 mm and -200 mm, the value of pQ ■ l038'i therefore expression 

tg Pq can be presented as 

do0) 

after which formula (88) will take the form 

(109) 

Another solution of correction of errors in differences of longitudinal 

parallaxes due to the transverse angle of tilt u Is based on automatic establishment 

of line of descent with the help of one of the filaments. 

In this case the right filament rotates; it is fastened 

on revolving .filament holder ivy'» which Is turned with the 
¡r 

from which 

help of ruler ki. 

Extension of threadholder r, Joined with correctional 

ruler (Pig. 87), establishes the filament in position 

y’V 
According to the drawing: 

«■ersiap.. 

te v-Sk?-«*, 
" J» . /a 

This equation for determination of (>Q differs little from the more strict 

equation. Correctional ruler kl is under the cassette and is fixed to axis x at 

angle pq . In such position the ruler shifts Jointly with the differential support 

and the aerial-photo. 

Since the center of the filament holder lies on axis x, at zero value of x 

the angle of descent of the filament is also equal to zero, which corresponds to 

the requirement of the theory. 
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* 28. 8t>rtoa«ter« 

St«reom*ttrs d.v.loptd by p. v. Droby.htv, ar« ba.lo .t.p.ophotogrwmetrie 

Instruments of ths differentistsd n.thod. in the prewar period they were widely used 

in the creation of small-scale maps, both of mountainous and flat terrain. 

At present they are used for treatment of aerial-photos during creation of 

large-scale maps of plain and hilly terrain. 

The topographic stereometer [STD-1] (CTfl-l) with four corrector, was in us. for 

• long time. At present it ha. been replaced by the topographic stereometer STD-2, 

in which, a. compared to STD-1, are added to correctors, (design M. D. Konshin), 

with which more exact operation of the Instrument is possible. 

The precision series of instruments was represented stereometers [SM-1] (CM-i), 

SM-2, SM-3. and SM-H differing only in their structural elements. 

1. Stereometer SM-4 

This instrument (Pig. 88) has the same purpose as the topographic stereometer, 

i.e., it serves for drawing contours on the aerial-photos, but it is more 

frequently used for measurement of coordinates, transverse parallaxes, and differences 

of longitudinal parallaxes. 

The main parts of the instrument (bed, carriage and binocular) are analogous 

to the main part, in the stereocomparator. Furthermore, the instrument ha. convergent 

and correctional devices. 

At the bottom of bed are lamps for illumination of the negatives. On the 

precision-made edge, of the upper part of the bed the basic carriage, constructing 
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coordinate x, shifts on bsllbsarlngs. On the right part of It thsrs are located the 

supports of longitudinal and transverse parallaxes. On the latter is the cassette 

of the right negative and table for the contact print. Thus, by Introducing the 

difference of longitudinal parallaxes Ap It Is possible to measure the magnitude 

of the coordinate of the point of the right aerlal>photo: 

Af¬ 

in the left part of the carriage x Is the support, whloh, with the help of the 

convergent device accomplishes repeating movement with respect to the carriage. 

On the repeating support there Is a double circular cassette, the lower part of 

whloh serves for automatic turning of the aerial-photo at angles p u and upper 

for establishing it at angles k. 

The convergent device is located behind the left part of the instrument; it 

consists of two rulers located in a vertical plane and connected by a micrometer 

screw. Between the rulers there is established angle Aax of relative orientation 

of aerial-photos. Through hinged attachments the rulers are united with rollers 

of heights H and focal lengths f^. Their values are established with the help of 

micrometer screws on the supports of basic and differential carraiges of the left 

aerial-photo. 

The correctional device (see Pig. 85) is made according to the system given 

earlier. 

With rotation of the aerial-photo on angles of descent p^ transverse parallaxes 

appear (Pig. 69), disturbing the stereoeffect. Simultaneously there appear small 

distortions of differences of longitudinal parallaxes 

6PX> expressed by the dependence 

Transverse parallax Aq, caused by rotation of the 

negative around the center, is determined by the expression 

jr+Afisrainfjt + tJ. 

Expanding sin (A + p ) in series and being limited by 

two terms, we find 

but 

J+Afeerä«4+rAr«*a4 

jarata Ai 
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therefor* 

âf earfeCM A (110) 

Por r ■ 100 mm} A • 45°) and pw ■ 2/57 the value Aq - 2.5 mm. 

In order to remove the tranavera* parallax. It is necessary to displace the 

right aerial-photo by the transverse parallax screw. 

For observation of points located outside the axis x of the aerial-photographs 

an optical system Is applied consisting of a fixed binocular and a movable part 

located on support y. The mobile part of the binocular is shifted by the 

magnitude of coordinate y within the limits of 180 mm. Since between objectives 

of movable and fixed parts rays go in a parallel bundle, during shift of the 

movable optical part sharpness of the image is retained. 

On the left on the movable part is fastened a magnifier for taking readings 

of coordinates y. On the movable part there are also fastened lamps for illumination 

of aerial-photos from above. 

2. Topographic stereometer STD-2 

The instrument (Pig. 90) consists of a bed, a base carriage, convergent and 

correctional devices, and a mirror stereoscope. The base carriage is shifted 

by means of a rack screw. 

In left part of basic carriage (x) is located a parallactic support and on it - the 

cassette of the left aerial-photo. In the right part of the carriage there is 

a differential support and on it -r the cassette of the right aerial-photo. 

Above the aerlal-phptos strained filaments 0.04-0.05 mm thick are drawn taut 

on turning holders. They are the lines of descent. 

Above the aerial-photos on the transverse traverse there is located on the 

« 
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carriage a four-mirror staraoaoopa with cnlargamant of about 2*. In the right 

part of the bed there ie a supporting surface for the operator's hands. 

Differences of parallaxes can be measured by a parallactic screw with an 

accuracy of 0.02 mm. Formula (90) can be modified in such a way that the variable 

members will pertain to the right aerial-photo. Considering that small angles of 

tilt of aerial-photos (:1°) magnitudes of the second order of smallness can be 

disregarded and constants can be excluded by means of replacing x^ with its value 

we find the new form of the formula for determining distortion of the difference 

of parallaxes: 

^iÿ(al-st)+^(2*al-l«) + f5^t.l + 

+ 1^1 (•»“■•a'+ (111) 

Convergent, correctional, and other devices of the topographic stereometèr 

solve six terms of the formula, besides term which is established on the 

parallactic screw as a constant correction (steps as a function of Ap^). The 

convergent device (Fig. 91) serves for correcting the Influence of the difference 

of longitudinal angles of tilt of aerial-photos, which is expressed by the 

quantity ^(Sf-Sg). It consists of two rulers with a common center of rotation. 

Between the rulers there is established angle Aax, equal to ^ - <»2, after which 

they are secured. The cursor of heights, whose roller is pressed to the right 

ruler of the convergent device, is set in accordance with the value of iH', equal 

to 2ba1 - AH. ^ 

During shift of the basic support to the left and to tne right, the right 

cassette with the aerial-photo delays or accelerates its own movement. In accordance 

with the first and second members of the formula, 

a correction is attained of the difference of 

longitudinal parallaxes of points located aiong the 

line of centers of the aerial-photos. The third 

term is solved by cursor 5 (see Fig. 93), touching 

with correctional ruler 6, fixed on angle (Fig. 93). 

stands on the platform, fastened parallactic support, 

cursor 5 shifts by the magnitude 

•-Aft«,, 

Since the correctional ruler 

then with introduction of Ap 
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as a rssult of which the right oarriaga will shift additionally by ths magnitud« of 

AXg determined from the relationship 

or 

Comparing this equation with the value of the third member of the right side 

of the formula (111) 

we find the value of the adjusting angle 

(112) 

The fourth member of the formula is solved by the filament correctional device 

with the condition of establishment of the correctional ruler on angle p0. Turn 

of the filament holder is carried out by extension r. 

The fifth member of the formula is solved by the same filament holder, having 

repetitive setting ^ (an*le between the filament and axle y with sero value of 

coordinate x). 

The sixth member of the right ride of the formula is solved by the 

attachment which revolves the left filament (Pig. 92). it consists of a ruler 

fastened to the parallactic support and fixed at angle y2 to line k, and from the 

T-form pusher attached to support x in a position 

perpendicular to the axis x. On this pusher there is 

a roller, contacting the correctional ruler under 

action of the spring. Therefore upon the introduction of 

differences of parallaxes the pusher is displaced. With 

the longitudinal ruler 0 the pusher contacts the lever 

roller, rigidly Joined with the left filament holder 

of the topographic stereometer, 

of the value Ap^ the correctional attachment constructs the 

AftTs-'iT., 

Pig. 92. 

With introduction 

magnitude 

from which 
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Equating than to th# sixth msnbsr of right slds of ths formula (ill) 

we find ths valus of ths adjusting angls v2 of ths oorrsotlonal rulsr: 

(113) 

Ths valuss of a1 and Wl can bs found both by msans of calculations and in ths 

procsss of orisntation of asrlal-photos. 

Fig. 93 dspictd ths systsm of ths topographic stsreomstsr STD-2, ths additional 

mechanisms of which, as compared to topographic stsreomstsr STD-1 with its convergent 

and correctional devices, are: 1 - the pusher, fastened on ths base carriage x, 

having a T-shaped form and Joined with the extension of the left filament holder 

with the roller touching the ruler 2; 2 - correctional ruler y2; 3 - support of 

installations Ap - o, fastened on the parallactic support; K - axis of rotation 

of correctional ruler 2, located on support of installations Ap • 0, and 
6 - ruler 

Fig. 93. 

During orisntation of serial-photos support 7 is established in ths aero 

position so that during matching of ths filament to initial point o2 corrections 

are carried out only with a change of longitudinal parallaxes. Pusher 5 during 

this time is also located in the sero position. 
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Knowing angles ^ and it is possible to establish the values of Yl and y2 

In Table 12 gives characteristics of stereometers STD-2 and SM-4. 

Table 12 

OurtrttrlftiM of th* liwtriawnt 
STO-2 

Storoottor 

SfM 

Dlaonolorat wm 
lfcvo«tiit of X, m 

■■ 
" f «ml H, ■» 

AndoS^ In d«^-«oa 

" H 
" • 

Rtpatitlva K 
of longitudinal parallaxaa 

Ap. n 
Tranavcraa paralliuiaa 4, m 
Mtenlfliatlon1 
OlaMtar of flold, aa 
*03ur«,ry of road Inga of aorwa for 
aaaauroMtit of parsllaiaa. n. 

tOTOXÇ^Xg» 

•T-iio 
M 

éi M 
éi M 
A M 

V 
4S-M 
* » 

A Ml 

Since 1958 the instrument has been widely applied in a number of establishments 

using aerial photography materials. The most effective application is for the 

creation of maps of plain and hilly terrain. 

3. Adjustments of the Topographic Stereometer 

1. Adjustments are completed in factory conditions. The base carriage of 

the instrurent and differential support have to shift exactly and smoothly. The 

basic carriage is adjusted with the help of mobile ballbearings. Differential 

support ir shifted b> oscillation on four balls, of which high durability and 

accuracy ar- required. Smoothness of movement of carriage and support, and also 

absence of slack, determined by rocking with the hands or, still better, revealed 

by ar Indicator, c?rve as criteria of quality of adjustment. 

2. Quides for setting H and fk have to be perpendicular to the axis of the 

base support with an accuracy up to 2*. The cursors on them have to shift smoothly 

and exactly. 

3. The left filament should be situated perpendicularly to axis x and pass 

from the center of rotafon of the left cassette at distance equal to the reading 

on the parallactic screw; the right filament during this time should pass through 

the center of rotation of the right cassette. 

4. Rulers of the convergent device should be exact and de-centered by the 
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magnitude of the radlua. of rollers with an accuracy up to 0.05 mm. 

5. With location of correctional ruler parallel to the axis x (p^ - 0) the 

right filament should be perpendicular to the axi i x (k - repetitive also should be 

equal to zero). 

6. Small mirrors of the stereoscope should be fixed at approximately 3° 

from their normal position for creation of natural convergence of sighting axeu 

of the eyes. It Is expedient that turn of the reflectors be carried out by the 

observers themselves. 

7. The lenses of the stereoscope should be fixed In a vertical position. 

Below we outline working checks executed for determination of zero points of 

scales of the instrument. 

1. Determine zero point of scale Aox of the converging device. Cursor f^ 

Is transfered along the ruler and the base carriage Is shifted along axis x until the 

movement of the measuring grid of right cassette under the thread disappears. 

Indicating the establishment of the ruler In a position perpendicular to axis x. 

For establishment of the second ruler of the convergent device in the initial 

position transfer cursor 6H forward and back and change angle A<»x until movement 

of the right cassette is eliminated, after which zero point of the scale ûax is 

determined as scale reading with an accuracy up to 2'. 

Note. In the construction of topographic stereometer (STD-2) this check is 

conducted by means of observation of three points (two main and one intermediate) 

located on axis x, measurement of the movement of the differential support by the 

Indicator, and solution of the corresponding equations. 

2. The magnitudes of f^ and H and the zero points of their scales are determined 

as a result of lining up the filament with marks of the grid, located on distances 

Xj^ and x, multiples of 5 mm, under the condition of change of position of the 

cursor by the quantity d. The value of fk Is determined from the relationship 

The zero point of the fk scale is equal to the difference of the obtained 

value of f^ and the corresponding scale reading. In exactly the same way the value 

of H and the zero point of the scale d are determined. 

3. Zero point of scale pQ is defined as the scale reading with the right 
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marnent Une, up U„ po.nion) ulth en. ot the »ark. of the „...„ring 

grid, oriented along the Initial dlreotlon. for thl. flr.t f.at.n „„,.01. .„.n 

knot, on the thread, at point. .00,. th. .enter, of .....tte.; th... knot, determine 

the initial direction of th. an. of th. aerial-photo, during 0f th. 

cassette. 

¢. The check of length of le,er r 1. Oa.ed on aolutlon of the equation 

'-2* 

»here a, 1, the dl.pl.cement of a point „f the filament with re.pect to th. line of 

grid during e.taOll.hment of angle ^ = 3.; x, y tlle coor<llnate, of thl> poln 

measured with the help of the grid. 

By determining th. magnitude of r (:86 mm), it 1. poe.iol. to e.t.ou.h . 

In the Instrument, corresponding to known angle .j - .j - a., 1..., ° 

H-j;* 
Additional correctional d.,lc«» mu.t be reliably e.tabll.hed In the ter, 

position, at which In the principal point of the second aerial-photo the ,.lu. 

ûp ■ 0. 

1 29• Processes of Creation of Topographie Map« 

The flr.t and basic proc... 1. determination of of «Lti,. orientation 

Of aerial-photo., corre.pondlng to re.tor.tlon of the model on Instrument, of 

optical projection. Prom th. element, of r.latl,. orientation, calculate conditional 

angle, of tilt of aerial-photo, used m thickening th. ,ertlcal [planar]i 

vertical b.,1. and drawing of relief. Thickening of th. planar ba.l. 1. ....„ted 

according to th. method of ».rtlc.l [pla,».) phototrl.ngul.tlon, photopolygonom.try, 

In a number of caae. It 1. expedient to determine the [planar] position of 

point, of th. multiplex or .tereoplanlgraph. Photogr«m,.trlc thickening of the field 

vertical control 1. executed during creation of map. of .cale. 1,Î5,000-1:100.000 

by on. of th. method, con.ld.red below, depending on th. character of the region 

of survey. 

The following process - stereoscopic depiction of relief - is executed on the 

topographic stereometer; in certain cases depiction of relief is executed with 

[planovayí]daüd MíSSfflÂ [ÎJsotMyî]CtîaÎsîStehïsRï“ti?aï°i28 
photography. [Trans. Ed. note]. * S —-tl al ln reference to aerial 
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help of the stereoscope by a considerable quantity of peg points, the heights of 

which are determined by photogrammetrlc methods. 

Horizontals [contours] are drawn on unrectlfied aerial-photos; on these same 

aerial-photos trace contours (according to photointerpretation data). 

The final process Involves composition of the map according to aerial-photos 

with Image of relief and contours. 

1. Method of Treatment of Aerial-photos 
on the Topographic Stereometer 

In order to use the stereometer or topographic stereometer to solve the problem 

of automatic correction of differences of longitudinal parallaxes in process of 

their measurement or during tracing of horizontals [contours], it Is necessary 

preliminarily to set the correctional attachments in accordance with elements of 

orientation of aerial-photos of the given stereopair. This process of establishing 

correctional adjustments is called orientation of aerial-photos. The quantity A<*x 

utilized for adjustment, can be obtained from elements of relative orientation of 

aerial-photos, determined preliminarily. Magnitudes p0, 4H, and * are established 

by four to six vertical control points located on the aerial-photos as is shown in 

Pig. 9^. Marks of these points can be determined by geodesic methods in the field 

or by application of photogrammetrlc methods of thickening of the 

vertical control (for maps of medium scales). The process of 

orientation according to vertical control points consists in seetclng by 

a change of adjustment of the correctional attachments to effect the 

coordination of measured differences of longitudinal parallaxes of 

these points with their values precalculated by the formula 

where h is the height of points of vertical thickening above the initial points. 

Preliminarily the aerial-photos are centered in cassettes anu oriented along 

the line connecting their principal points. 

If preliminarily we determine the angles of tilt a2 and w2 of aerial- 

photos, then we orient the latter along the line connecting the nadir points. The 

distances from the center of projection to points of the exnadlr are equal in this 

f f 
case to _k_ and _k_; with small magnitude of angles w, and u- magnitude f. 

COS COS Wg i ¿ K 

f •/ 

J* •# 
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la established on ruler of focal lengths of the convergent device. Por calculation 

of true differences of longitudinal parallaxes of vertical control points It Is 

necessary to determine the value of base bQ and height of photographing H by formula 

(92). 

The height of photographing above the Initial point Is determined by comparison 

of perspectlvely conjugate segments on the aerial-photo and terrain (layout). Por 

comparison of segments It Is necessary preliminarily to introduce correction for 

relief in one of them (aerial-photo or layout), inasmuch as the distance between 

orthogonal projections of points Is measured on the layout. To decrease the 

influence of distortions of segments of aerial-photos due to their tilt in order 

to determine H accurately, select a segment on a straight line passing through the 

principal point of a given aerial-photo{ the ends of the segment must be symmetrical 

relative to the principal point. 

If D is the distance between points 4-6 on the terrain measured by the 

phototriangulation net and d is the corresponding distance on the aerial-photo, then 

(lli4) 

where AR is displacement due to relief of point 6, equal to 

t 

and R Is the distance from point 6 to the point of nadir on the phototriangulation 

net. 

The value of height of photographing Hj, for determination of correction for 

relief is calculated by the formula 

where Ha is the heife.it of photographing relative to sea level, determined by a 

barogram with an accuracy up to *50 m; it is possible also to determine according 

to the radio altimeter, corrected by statoscope readings; h^ is the elevation of 

point 4 above sea level. 

The process of work on the instrument consists of the following. 

Establish on the parallactic screw of the topographic stereometer the reading 

corresponding to the calculated difference of longitudinal parallaxes, and observe 

the spatial position of the filament relative to the corresponding point of the 
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model. If the filament seems located higher or lower than the surface of model, 

then seek contact, in that point of the model by setting the corresponding corrective 

or convergent device. Measurements and calculated differences of parallaxes at 

point 1 are made equal by changing the adjustment of the ruler of heights; In 

points H and 6 by the repetition device, turning the right filament on constant 

angle k; in points 3 and 5 by adjustment of angle pQ on the correctional device. 

A pair Is considered oriented when the difference between precalculated and 

observed differences of longitudinal parallaxes does not exceed 0.02 mm. Since 

orientation of aerial-photos on the topographic stereometer Is executed on the basis 

of heights of a series of photographed points, errors in these helChts will lead 

to incorrect orientation, which can be revealed by control points located on 

the stereopair. 

Tables 13 and 14 show an example of orientation of aerial-photos on the 

topographic ataroomotor. Value, of gaoo.alc height, and precalculated parallaxe, 
are given in Table 13. 

Table 13 

No. 
of 

points 
Ooodtsic 
h.irfit A, M 

El.v.tlon 

A.* Pro calcul at «d 

A#. JIM Not*. 

s 
i 

t 
i 

srr.t 

i 
+ ÎÏ.S 
f 7M 
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if« 
+î.« -0.« 

a:«:- 

in Table l„ ,1,., th. p..ult, of 0l>..rv,tl0n, of of [9] 

By executing orientation en. can determine height, uf point, by re.ult. of 

noaourenent of th, difference of their longitudinal parallax.. OP by horltont.l. 

[contour.] on th. aerial-photo, -or dra.lng horl.ont.l., flr.t calculate the 

difference of longitudinal parallax., by ..,«.»i„n. of horl.ont.l. relative to th. 

initial point. 

For in.tance, if initial height » - m »; b . 63.9 „ . 2223 and the 

.elected horl.ont.l ha. height of ¿00 n. .. obtain 

Changing th. parallactic .ere. reading by th. calculated cagnltude of the 

difference of longitudinal parallax,, „.„„dt. obtalnl„g . t<> 

th, .elected .ectlon. „hlch 1, e.t.bll.hed on the ...1. of the .ere.. Then with 

a .hlft of both aerial-photo, along axl, x of the ln.tru.ent and of the oh.erv.tlon 
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«long .,1. ,, it i. po..ibi. not. pol„t, of th. ,lt[i >hlcl) the 

•p.tl.l mark oolnoll.., «nd to oonn.ct the» «Ith • .«noth our*», died the 

horizontal [contour] of th. given section. An.lo,ou.l, on th. .cel. of th. 

parallactic .ere. it l. po.clbl. to catabllah a reading oorre.pondlng to another 

aectlon, and thereb, on th. are. of th. ct.reopalr to dr- ' > .• horl.ont.l of 

section. 

Table 14 

Nl. 
or 

polmi 

Rtadlix on 
th. parol• 
lactic 
■croa, m 

Maadlrg 
(hould ba 

■a 

Obiarvad dlr- 
farofiati of 
porallax.i, ■■ 

Nota* 

UM P 
P 
M.ai 
aa.i» 
UM 
UM 

ss 
8:8 

•Tm 
UM 
UM 
UM 
UM 
UM 
u.u 
8:8 
8:8 
«iS 
•«.aa 
«a.aa 

+ ia7 

±Üi 
-a.« 

±iß 
-a?« 
+ 0.« 
-a.« 

-J:8 
i.#:8 
-a.« 
-a.« 

Correction of %ff 

COrrootlon of ». 
"ropatltlvo" ^ 
Otrroetlon of 

Correction Mg 

Correction pg 

» 
1 
4 
a 
a 
a 

•a.« 

8:8 
8£ 
UM 

P «.aa 
«ja 1

1
1

1
1
 

I
f

 

SS
SS
' 

final raault 

asAai^. r.4r 

ffibàHm m.42 MM 
a« «.a mm 

thmnum 

the : — th* tUrn th* r“ht •"‘“-P-«« 180-. hut ,„.t..d of 
he left photo Place th. follcln, aerlal-photo on th. carriage of th. l„ctru«.„t 

th" ! V: the rl‘ht- Th,r,f0r' th* “ ~ ...in on 

fli.ht lÎ„. Ph0t0• l-’ °nl> -- <0r «P th« 

Th. accurac, of d.t.minatlon of h.lght. of point, on .t.r.o».t.r. d.p.„d. 

Oh .rror, of «.«gnUud. of th. dlff.r.„c. of lohgltucln.t par.ll.,.. 4p .„tering 

th. formula of .l.,.ti„„. UM). Err0[.. ap dep.„d 0„ , of 

distortion of th. objectl*., film n„t flit it the of expo,upe( 
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distortion of negatives and photographic paper, errors of the Instrument, and 

others. 

As operational experience shows, on aerial-photos glued on glass, the total 

error in measured differences of longitudinal parallaxes is approximately equal 

u.03-0.05 mm; in a forest region (during aerial photography in spring) it is 

0.06-0.07 mm. 

Differentiating formula (104) and disregarding the term of the second order of 

smallnejs, we obtain 

with b ■ 72 mm and d(Ap) » 0.03 mm 

In certain cases d(Ap) ■ 0.06 mm) dh is lowered to magnitude this should 

be considered during appraisal of accuracy of work executed on the instrument. 

A list and a short description of certain processes of treatment of separate 

stereopairs on the topographic stereometer are given below. 

^ Drawing of points of conditional nadirs. By the formulas 

A*.«-/*« and A>.=-/4«» 

calculate and draw on the negatives the points of conditional nadirs. Calculation 

of angles a and w is executed from elements of relative orientation. 

2‘ Dgfruination of heights of photographing H. The value of H is found 

by formula (114) or by data of the radio altimeter. 

Datermlnatlon of base bg. This is calculated by formula (92). 

D?l*rmlnatlon of heights of points of aerial-photos, if m the field 

only the heights of points 3, 4, 5, ana 6 are determined, the heights of the other 

points are determined by one of the photogrammetrlc methods of thickening of the 

vertical control net expedient in this case (seen 30, 31, and 32). Orientation 

can be executed along four points (3. 4, 5, and 6), not determining the heights of 

points near the principal point. 

•** Mounting of aerial-photos along the line connecting nadir points. In 

the topographic stereometer for this purpose we use small knots on threads located 

above centers of cassettes; under the small knots we should find the points of 

nadir of the aerial-photos. By shifting and revolving the aerial-photos we find 
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the approximate position at which the transverse parallaxes are observed along 

line X. 

6. Jetting of angle Aax. By formula (99) calculate angle Aax and establish It 

on the convergent device of the topographic stereometer, where, if angle Aa is 

positive, the rulers should be extended. If the length of correctional ruler 

d t fk, then the established angle 3 ■ d Aax. Angle pQ also is established before¬ 

hand . K 

7‘ ÇMculatlon of true differences of longitudinal parallaxes. Calculations 

are made for points 1, 3, ij, 5, and 6 with respect to point 2, taken in the 

topographic stereometer as initial on the basis of the formula 

àpm-jgtLf, 

where h represents the elevations of points 1, 3, 5, and 6 above point 2. 

8. Orientation. The process of setting the correctional attachments is 

described above [9]. During orientation along four points relative to point a 

somewhat different system is applied. 

9’ 11raclng of horizontals [contours]. Horizontals are traced by hand. The 

most exactly obtained are horizontals of terrain rich in contours, and having no 

massive woods. 

The process of drawing horizontals completes the work on the topographic 

stereometer. 

2. Composition of Topographic Naps 

The final stage after drawing of relief is composition of the original of the 

map, in process of which the central projection (image on the aerial-photo) is 

reduced to the orthogonal projection of the layout. 

In regions with small differences of heights of points of terrain the map is 

composed from the photomap with horizontals plotted on it. 

During transfer of horizontals from aerial-photos to the photomap the Bashtan 

stereoscope is used (Pig. 95). it consists of a table on which the aerial-photo 

was horizontals is placed; a mirror, located above the photo at a ^5° angle; lenses 

and an internal mirror. A mirror with lenses and eye apertures shifts with respect 

to the aerial-photo and the mirror. 

Due to this the scale of the visible image of the photo can be changed until 
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it coincides with the image of the corresponding part of the photomap and causes a 

stereoeffect; after that transfer the horizontais to the photomap. Work is 

conducted also with different scales of the photo and photomap (up to 30Í). 

Photograph the photomap, prepare a blue Impression, and trace the original of the 

map. 

During composition of a map from individual aerial-photos proceed in the 

following way. 

At first trace the horizontals and contours of the photo with India ink, then 

bleach the photos and prepare negatives from them reduce in size (approximately 

four times). For this purpose stack the prints in such a manner that the nadir 

point coincides with the projection of the center of the projector cassette 

(Fig. 96), given in a horizontal position, after which photographing is accomplished 

on a slide plate placed on the auxiliary frame of the projector. 

The obtained negative is placed in the projector, which fo.- rectification is 

set at angles a and u> and shifted in height until the coincidence of rectified 

points of the plane table with images of these points. Introduce preliminarily 

corrections for relief in the position of control ooints on the plane table. 

In the presence of great difference of heights on the area of the aerial-photo, 

project the latter by zones, lifting or lowering the projector above the screen. 

-137- 



In addition bring the Image of the zones to the same 

scale. The magnitude of shift In height of the 

projector Is calculated by the formula 

â/r-s-0,4 7-, 
•e 

where 0.¾ Is the accuracy of the horizontal position of 

points ln mmj H' Is the distance from the nodal point 

of the projection objective to the plane table In mm; 

dQ Is the distance on the screen from the nadir point 

to the point of projection. 

Pig. 96. 

After transfer of horizontals and contours of the 

first zone to the plane table, set the projector at 

the height of the second zone without changing Its 

angles of tilt and continue redrawing. 

As a result of work on the projector a topographic plan Is obtained In pencil; 

then It Is traced In India Ink according to the operative Instructions. 

In the USSR there exists the method of composition of maps with the help of a 

mountain photorectifier (created by P. P. Shevchenko, S. A. Pylayev, L. V. Pavlov, 

and P. P. Popov); it consists of tracing and rectifying in horizontals an aerial 

photo obtained as a result of treatment on the topographic stereometer. Then it is 

cut along the boundaries, for instance, along every fourth horizontal. After that 

all the cuts are filled with rubber cement and the aerial-photos are set on the 

assembly grid. With the help of special type faces of defined height, from the 

photo (by stretching of the rubber film and lifting of cuttings), leaving the upper 

zone below, a reverse model of the terrain is created. When it is photographed on a 

mountain photorectifier a negative is obtained not having distortions for relief, 

ihen from negative a copy Is prepared, which Is used for composition of a topographic 

layout. 

Using the given method of cartography, attain somewhat greater accuracy than 

during redrawing of contours and horizontals on the projector, especially in case 

of a complicated situation. 
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1 30- Thickening of the Vertical Net by the Method 

of the TbNUGAIK» 

Por creation of maps of the scale 1:25,000 use TsNIIQAlK method Is also used. 

It Is an analytic method of phototriangulation [9], [16] and consists of the 

following processes: 

lé gr.termlnatl°n of elements i^and c of relative orientation of 

Sfcotos. Transverse parallaxes are measured In the stereocomparator or on the SUM; 

for more precise definition of obtained results, elements t and c are calculated by 

formulas containing correction members. 

2' g££ermlnat:lon of conditional angles of tilt of all aerlal-phn^. Taking 

the first photo as Initial with angles of tilt « - w - o, by summation of the 

quantities At - t2 - ^ and e determine the angles of tut of other photos with 

respect to the Initial one. This gives the possibility then by the formulas 

*<*—-A«. 

to determine the position of the conditional nadir point of every aerial-photo. 

Por calculation of angles a use also statoscope readings. 

3* phototriangulation. Taking points of conditional nadirs as working 

centers of directions on contour points, compose a rhombic net; Include in it also 

the points utilized in subsequent processes of map making. 

Vertical phototriangulation from points of conditional nadirs gives good 

results even with considerable relief, but with tilt of the conditional plane of 

less than 2«». After reduction and coordination of the net on available geodesic 

points, the plane table will be secured by control points in the layout. 

4‘ g-e.termlnatl°n of heights of photographing. If there are no radio altimeter 

readings and elevation of points of the terrain does not exceed 100 m on the stereo¬ 

pair, determine height H by the simplified formula: 

Hm: JÜUÃ . 
■* * 

where BQ is the distance between points of conditional nadirs on the terrain, 

measured on the phototriangulation net; b, is the distance between points of’ 

conditional nadirs on the aerial-photo, corrected for its tilt. 

With greet differences of heights of points of terrain consider also elevation 

Cartography?^ Scientlflc ^search Institute of Geodesy, Aerial Photography and 
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AH between ends of the base and the elevation between projections of conditional 

points of nadir to the terrain; calculate their values by the formulas 

kHm=B9 and 

5* gSl^natlon of corrected differences of longitudinal narallaxes An. 

This work can be produced on an exact stereometer when elements of settings of 

Aax, p0, AH are known, if elevations are larger than 100 m, the corrected differences 

of longitudinal parallaxes are determined by formula (90). and the value of ûp 

is measured on the stereocomparator prior to the construction of the vertical net. 

6> of elevations. By the formula of elevations 

we find the values of conditional elevations of points on the area of the stereopair 

•bove the conditional point of nadir of the right photo of the stereopair. 

7. Reduction of conditions) elevations to one i.v.t Thle proces8 la 

executed on the basis of collation of elevations of points in zones of triple overlap. 

Difference, of elevations of the same point, obtained for the adjacent stereopair 

give a difference of initial levels of these stereopair; the mean value of levels is 

subtracted from elevations in subsequent stereopairs by which their reduction 

to the level of the preceding [pair] is achieved. 

8‘ --111° -■■»«"‘«ion mi coordination of th. ..rtlc.l control 0n the 

b..l. of throe or four height, of g.o<l,.lo pol„t. coo.truot « graph or corrootlon. 

ror calculated value, or height, or point, cr the net. Thl. procedure 1. analogou. 

to the procesa or geodesic orientation and coordination or the net during 

triangulation on the multiplex (see i 37). 

The obtained vertical control points are necessary during work on topographic 

stereometers. 

* 31. Method of the Undlstorted Model [9]. Til] 

Dependence. b.t...n longitudinal p.r.11.,.. .„d height, or point, or the „od.l 

CM be con.ld.rabl» .Inpllried ir .. u.e value, or tran.v.r.e parallax., or the 

same points (see formula (132)). 

In the scale of the aerial-photo under the condition of orientation along the 

initial direction and exclusion of a constant number fk(Ml . durlng orlentatlon 

along the line passing through points of zero distortions, the value of transverse 
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parallax q will be 

♦—T'+T'--#-—' 
(115) 

Replacing X1 with “ h »"H «-«Un». u . u UP nhf.aln 

After multiplication of both parts of the equation by x2/y2. 

If In a lacer conversion according to equations (99), (101), and (103) we replace 
X u 

the value of ^ - t2 with - a2 and the value of ^ with ^ --ç-, we obtain 

(116) 

Furthermore, the value of the difference of longitudinal parallaxes according 

to formula (111) (without taking Into account the third and sixth members, which 

are functions of e1ovations of points) will be equal to 

^^1+ («i—«*»)+ 

4-. * (117) 

Summing up the equation, we obtain 

â J + f J **+f 1 + T (*• *« +-ft 

from which 

(118) 

Taking into account members containing Apj, we find 

â, » âft - f & + ^(2 A/», + *) ■» + ^ + ApJ « + 

(119) 

From formula (119) It follows that the first two members solve the problem of 

determining the difference of parallaxes of points of relative orientation of aerial- 

photos; the remaining members determine the dependence of the difference of 

parallaxes on elements of relative orientation and elevation of points. Those 

and other members can be determined graphically, since all members of the equation 

have a linear character. 
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In Pig. 97 shows how the expression q li. 
y2 

f i? 
Values of S- for different point, of the moo.l can be obtained from a graph 

constructed on the stencil b, values m...Ured for three points located on edges 

of the model. Values of S- for these point, are Interpolated 

linearly along the sides connecting the points. After that 

points with identical values of are connected by lines. 

Using the graph one can determine the value of 3- for points 

located in any part of the pair, and then calculate by the 

formula 

(120) 

the values of elevations of points of the model, 

Than find for geodesic point, the difference b.teeen photogrammetrlc and geodesic 

heights At - »r ,„d construct a second graph analogous to the first. Prom this 

graph of geodesic orlentatloh .e find corrections for photogrammetrlc heights 

of .11 point, of thickening. The presented method Is called the method of the 

undlstorted model. 

The value of , ï can be determined „1th the help of an automatic attachment 

to the stereocomparator (pig. ,8) developed b» d. V. Romanovsklp. The attachment 

consists of vertical carriage 1; Cardan joint ¿I 

connected to binocular carriage y; Cardan joint 3 

belonging to carriage 1; external Cardan joint 

2j holder 6, located on the repetition carriage 

(Ax, Ay) 7, and precision rod 6. The distance 

from the center of oscillation of Cardan joint 

A to the center of oscillation of Cardan joint 

3 is changed by the movement of vertical support 1 

Uhtll the transversa parallax., of th. point 1, eliminated (bp displacements of 

carriage 7 »1th th. aerial-photo). After this measure th. longitudinal parallax 

of the point. 

-142- 



Th, „„ho, of ,h, „„olstort,d nodel glve, bllsh ac(!uracy of of 

elevations of point,. It 1, „«<, for treat„ent of p,oto aM 

tnl, the elevation,, hot aleo the vertical poeltlon of point, 

Th. ,„.ntItï or calculation, characterleln, ep.tlal truncation c„„,Uerahly 

ecrease, .1th application of the correction aechanlaa of 0. V. hocanova»,. ano 

the productivity of labor Is Increased. 

' 32- tel»l ^•'■«“^»on^lth Help of me Electron,c 

in connection .1th the appearance ln „SSR of olfferent t,pe, of electronic 

computers there appe.r.o the poealhlllt, of their use In aolvln, e,nations of tyl„e 

of cooromate, of points of terrain ano aerial-photos. The process of 

phot ©triangulation tl3] involves these stages: measurement on a hlgh-preclslon 

s ereocomparator of the coordinate, of point,, then transferring their value- 

tom the decimal to the hl„ary „stem, after preparation of punched tape according 

to a given program the latter is fed int-n an n * g 
the . electronic computer (for tnstance, 

Ural ). Results of the machine, .„rk are fixed on forms. 

The high speed and accuracy of wnnir nr 
UraCy °f WOrk of the machine opens the way for mass 

aerlal^hT ^ CalCUlatlons in the region of phototriangulation from 
a fial-photos and obtaining of vertical control points for work on simplified 

stereophotogrammetric instruments. 
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CHAPTER VI 

UNIVERSAL STEREOINSTRUMENTS OP OPTTCiT. PPmom™» op AfrRTâr 
POR CREATION ÖP TôPòáBAPHT.^ F AËRIAL~ 

* • Principal of Spatial Resection 

During treatment of a pair of aepiai — u4*. . 
, , , P aerial-photos It Is possible to obtain topographic 
layout of to. terrain .ith lm.g. of r.Uef ln for <hich ^ ^ 

n.c....r, to create a 3-D aodel of the terrain (optical, ».chanlcal or hy analytical 

■ethod), and then to produce Ita neaeurement. 

Let u. contider the eolutlon of thi, orohlen t, the nethod of projection of " 

neighboring aerial-photo. (Pig. 99, 0„ a c.™on .creen and .t.reo.eoplc nea.urenent 

Of the model. Double projectors and multiplexes are 

based on this method. 

In chambers of the projector, located relative to 

one another at the distance of the chosen base, place the 

slides of aerial-photos In their actual form or decreased 

in size. Projecting chambers have the same relative 

position that they occupied at the time of aerial 

photography. 

The slides are projected on the common screen. 

If the distance from rear nodal point s of the 

projecting objective to the l.y.r of enul.lon of the ..rl.l-photo 1. ,,ual to the 

foci length of the »urv.yih, cere, then projecting rey. ere .ImiUr to .urveylng 

rey., a. during rectification of the flr.t kind. The projecting ray, of both 
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aerial-photos will then form at the intersection a model similar to the terrain. 

The plane of the screen can occupy any position along the height (for instance, 

I, II), making it possible to produce a section of the spatial model with different 

horizontal planes for determination of elevations and the image of relief by 

horizontals. For exact spatial resection of a point it is necessary that projecting 

cameras be established in accordance with angles of tilt of the surveying camera, that 

aerial-photos be correctly oriented in the projection cameras, and that the location 

of both centers of projection be similar to their position during aerial photography 

with respect to both the base and the elevations of points of photographing. 

Fig. 100 shows the position of principal axis So of the aerial camera in the 

system of coordinates XYZ. This position is characterized by angles Oq, k or a, u. 

The first system (a0 is the angle of tilt of the aerial-photo in the plane of the 

principal vertical, and k is the angle betwsen the line of coordinate marks and the 

principal vertical) was used during the study of properties of a single aerial-photo. 

When using pairs of aerial-photos for the creation of space resection, it is more 

convenient to express their tilts by angles a and w 

lying in coordinate planes XSn and YSo’, passing through 

points of projection. Therefore, every projection camera 

should be provided with the means for tilting it at angles 

a and u of from 0 to ‘5° and rotation of the aerial- 

photo in its own plane from 0 to 360°. 

Furthermore, it is possible to establish one projector 

with respect to another at magnitudes bx and bz, determining 

the base and elevation of one station relative to the other. 

For tracing contours on the plane table match the mark with points of the 

contour, if necessary shifting the screen along the height so that in its plane 

one image is -'btained. 

If the intersection of analogous rays is not located in the plane of the 

screen, then on the latter the two images of similar points are obtained; the 

distance between them corresponds to the difference Ap of longitudinal parallaxes 

on the aerial-photos. 

The connection between the difference of longitudinal parallaxes of a point 

on the screen and the elevation of a point is determined by the formula 
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è.-~Aêm H-k 
M i 

where bx - Abx, Ap are expressed In millimeters. 

Then the value 

H-k ■ 

where h and H are expressed in meters. 

Prom this equation after conversion it is possible also to write 

*-iç=î6n? • 
Thus! by measuring the magnitude bx as the distance between the projectors! 

correcting it for the magnitude 

(122) 

(AJ is the angle formed by projected ray S2M with the principal ray of right cluster), 

and then placing in formula (79) the value of H expressed in meters, it is 

possible to find the value of h also in meters according to the difference of long¬ 

itudinal parallaxes. It is practical to calculate h not by the formula, but by 

the known scale of *:he model. For instance, if the scale of the model is equal to 

1:10,000, then an outcrop of one millimeter on the scale of the model corresponds 

to 10 m on the terrain. Determination elevations of points, consequently, 

consists of raising or lowering the sc-een from its initial position until the mark 

is matched with the identical Images of a determined point and measuring the 

magnitude of the shift of the screen in height. 

Exact fixing of the points giving a single image in the plane of the screen, 

is possible in the case when two Images are projected alternately from two to 

five times per second with the help of shutters revolving in front of the objectives. 

With tills method of flickering the illumination of the screen is sufficiently 

great, and rectification of the image (in 0.2-0.3 mm) is sensed quite well by the 

observer in the form of apparent movement of the projected points. Fixed points 

located in the plane of the screen upon their connection by a pencil give the 

horizontal of an assigned section. The speed of shutter rotation should not exceed 

five blinks per second, since the eyes of observer, preserving the impression of 

the preceding projection, will perceive no shift of the image, even with considerable 
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divergence of pointe on the ecreen. The disadvantage of the method of blinking 

should be considered to be the great eye fatigue of the observer. Therefore the 

given method of observation of the model is rarely used. 

In double and multiple projection stereoscopic observation of aerial-photo 

images most frequently is used; in this connection we will consider the structure 

of the eye and the process of formation of a visual stereomodel. 

I 3^. Monocular and Binocular Observation 

1. Structure of the Eye 

The eye is similar to a photographic camera (Pig. 101). In the front part of 

the eye is the cornea 1; pupil 2 with a diameter 3-7 mm, executing the function of 

a diaphragm; and crystalline lens 3, constituting the objective. 

The crystalline lens of the eye has the ability to change Its 

focal length. Therefore the image on the retina always remains 

sharp, regardless of the distance to the observed subject. 

The focal length of the crystalline lens is changed by means 

of expansion or contraction of its sillar muscles 4, which 

receive appropriate impulses from visual cells. The 
Pig. 101. 

adaptability (accomodation) of the eye for examining of objects depends on the 

remoteness of the eye of the observer. For instance, focal length of the eye at 

rest is equal to 22.79 mm, while under stress it is 18.93 mm. 

The capacity for accommodation of eyes of observers changes with age (Table 15). 

Table 15 
At* 
In 
ynmrt 

Distance to 
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•00 

tu 
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Dista; t print of’ tlew 
Is at infinity 

1000 
Diaper D « jt 

For eyes aided by spectacles the values of the distances to the nearest points 

change; therefore increases for various observers are different. The distance of 

best sight for the normal eye, accepted for optical calculations, is equal to 

250 mm. 

In the rear part of the eye is the retina 5, on which there is constructed 
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the Inverted Image of objects seen. The retina consists of visual elements, rods 

and cones with dimensions of about 0.00H mm; the visual cells in every eye number 

about 1H0 million. Simultaneously the field visible to the eye is characterized by 

these angles; upwards +40°, downwards -60°, into the nose +50°, out to the temples 

-7501. However, visual acuity is preserved only in the middle of the retina on the 

yellow spot 6, with a diameter of 2 mm (in angular measure ^0'). In the middle of 

the yellow spot is its most sensitive part - around recess with a diameter of 

approximately 0.3 mm. Visual acuity in the recess exceeds by 20 times the acuity of 

marginal vision. The line passing through the nodal point of the crystalline lens 

and recess is called the optical axis of the »y»- 

At a certain distance from the yellow spot on the retina is the exit point 

of the ophthalmic nerves, the so-called blind spot, with a diameter of 2 mm. 

Rays falling on the blind spot do not give a visual sensation. To prove this, 

place two points on a paper 65 mm apart and parallel to the base of the eyes. When 

you close the left eye and look with the right (located opposite the right point) 

at the left point, it is evident that at a distance of 15 cm from the eye tne rignt 

point disappears. The angle between rays proceeding to tie fovea centralis and 

the blind spot is approximately 12c. The distance between nodal points of 

crystalline lenses of eyes is called the ocular base. The ocular base is different 

for different people, varying within limits of 55-72 mm. 

Resolving power of the eye. The resolving power of monocular vision, as 

established by experiment, is equal to %55", which agrees with the precalculated 

value. Separate objects are represented only when there is no less than one 

unstimulated cell between the edges of the image. Actually, since the dimension 

of a visual cell is 0.00H mm and the focal length of the crystalline lens is 

approximately 15 mm, then 

1-y—OfiOOXT, 

which correaponds to 55" in angular measure. 

The resolving power of monocular vision is Increased to 20" if the observed 

object is not a point, but closely located lines; this is explained by the fact 

that a number of visual participate cell in the observation. 

‘S. V. Kravkov. The eye and its work. Moscow-Leningrad, Publication of 
Academy of Sciences of the USSR, 1950. 
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Th« resolving power of the eye depends also on illumination of the Image on 

contrast. With an increase In Illumination, the diameters of pupils decrease 

which leads to an increase in their resolving power (Table 16). 

Table 16 

lUialnttloi) 
Ur 

R«»o Ivlng power or 
tho eye In mlmiteo 
[of arc ] 

Jt m 

i 
N 

The greatest visual acuity during observation of two series of set marks is 

attained with monochromatic illumination (3-5 times higher than with normal 

illumination). 

Stereoscopic vision. During observation of an object with both eyes the latter 

automatically turn in such a way that the highly sensitive pits of the retinas 

turn are located on the sighting axes of the eyes. Objects located on the terrain 

outside points of fixation, are projected to the side of the recesses; if the distance 

to these objects is not the same as the distance to points of fixation, the 

magnitude of shift of their images in the left and right eyes is not the same, and 

differences of their shifts, or parallaxes as they are called cause the 

representation of a 3-D arrangement of the objects. The least difference of angles 

di, formed by intersection of directions to the point of fixation and other observed 

points at which the difference of the distances to points of space is sensed, 

is called the resolving power of stereoscopic vision; it is equal to 30" for 

separately taken points. Let us determine the shift qL of points in depth (Fig. 102) 

which is not perceptible with stereovision. Differentiating the equation 

we obtain 

from which 
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In Table 17 there are given the values dL. 

(123) 

Table 17 
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Stereoscopic effect In examining a pair of neighboring aerial-photos or their 

projections on the screen. As is known, every aerial-photo overlaps the neighboring 

one along the photo run by 60-70Ï. Depending on relief of the terrain. Identical 

points of neighboring photos or their projections occupy a different position 

relative to the principal points, as also on the retinas of eyes of the observer 

(the only distinction lies in the fact that on aerial-photos paral¬ 

laxes are constructed not on a spherical surface but on a plane 

parallel to the base). Therefore during simultaneous observation 

of the left aerial-photo by the left eye, and the right photo by the 

right eye, the observer perceives then a model of terrain, which is 

called a stereoscopic model. When the relative positions of the 

aerial-photos are renewed there is obtained a reverse stereoscopic 

effect, and when they are turned in their own planes by 90° a zero 

stereoeffect is achieved. Since in double projectors the images 

of two aerial-photos are projected on a common screen, for stereo¬ 

scopic observation it is necessary to use a means whereby it is possible for the 

left eye to scan only the left image and the right eye only the right image. Such 

means are anaglyphs and polaroids. 

2. Anaglyphs 

The anaglyphlc method of observation consists of examining through ocular 

light filters images which are "dyed" same color with the help of light filters 

fixed in the projecting cameras. Anaglynhic light filters are celluloid (or glass) 

films, one red and the other green. These colors are basic, mutually complementing 

one another, since with the imposition of one on the other a white color is 

obtained. Through the red filter of the spectacles one can see a red mase and 

through the green filter a green image. Therefore during examination through 

# 

Pig. 102. 
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anaglyphic light filters of the mixed colors of the projections obtained on the 

screen from left and right aerial-photos, each eye sees only one corresponding 

image, due to which the stereoeffect is created. 

Other combinations of complementary hues are also possible. The best result are 

obtained when one of the filters passes yellow rays and the second passes dark- 

bluish. The ratio of the luminous fluxes with this is equal to approximately 2.28 

and corresponds to the known position that the red part is darker. According to 

Kravkov ("The Eye and Its Work") the rays of complementary hues (pairs with wave 

lengths 616 and 487 mu in Joint projection only give & white color when the ratio of 

their intensities is approximately equal to 2.722. 

In the projectors the light filters are located between the source of light ana 

the negative. For correct selection of filters in projectors it is necessary also 

to consider the spectral composition of the rays of an electric lamp. Therefore 

anaglyphic light filters for examining printed stereophotos or geometric drawings 

by the typographical method are necessarily different from light filters for 

examining anaglyphic images. 

Illumination of the anaglyphic image composes approximately 30* of the 

illuminance without filtersj therefore the neeu appears of increasing the power 

of the illuminator. 

3. Polarolas 

Xo increase the brightness the image is projected and examined througn polaroids, 

consisting of aerial film in which microscopic crystals of an appropriate 

substance, (for instance herapathite - artificial "tourmaline," consisting of 

quinine sulfate periodide) are oriented in one direction. 

Light rays passed through the polaroids are polarized in a determined plane; 

they are not depolarized during reflection from an aluminized screen. Therefore, 

if in the path of light rays passing from projectors there are set two polaroids 

polarizing the light in two mutually perpendicular airections, ana the images 

projected on the screen are viewed through spectacles with polaroid lenses instead 

of glasses, then the polaroid of the spectacles whose plane of polarization 

coincides with the polaroid of one of the projectors will pass the image projected 

by this projector, but will not pass the other image. Analogously the second 

Polaroid of the spectacles will pass to the eye of the observer the image projected 
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üy tue seconu projector, i.e., each eye of the observer will perceive the Image of 

only one aerial-photo, but In observation with both eyes the observer will see a 

3-D model of the terrain. 

Polarization Is carried out within the wavelength limits 630-Ó70 mp, allowing 

application of filters even when they are heated by the illuminating installation 

(120° during brief work and 70° during prolonged work). 

As compared to Nlcol's prism passing b0* of white light, polarolds pass in 

all 40* of tne light falling on them. But then the angle of observation through them 

can deviate by 350 from the vertical, which allows tne use of polarolds also for 

double projection with the angle of the field of vision of objectives being on the 

order of 62-70°. 

‘ 35* Regarding Sharpness of the Image on the Servan 

Sharpness of the image on the screen is preservea within small limits (in 

depth), since tne focal length of the cnamber of the projector remains constant 

Pig. 103 shows rays passing through the ¿dges of tne diaphragm d - 2a of the 

objective. The depth of sharpness is determined by tne equation 

Fig. 103. 

from which 

• A 
7“fT- 

( 124 ) 

where 6 is the permissible diameter of the circle of scattering, 

which can be taken as equal to 0.2 mm. 

At H - 300 mm, d - 2 mm we obtain h - *30 mm, and with the scale 

of the image equal to 1:5000, n ■ *150 m. 

For practical purposes the sharpness of the image remains acceptable in large 

limits, equal approximately to *3h. In M. D. Konshin's work» results are given 

concerning the investigation of the magnitude of the error of measurement of 

parallaxes caused by blurryness of the image. This error does not change its 

value even with a diameter of the circle of scattering equal to 0.5 nun. 

Parallaxes are measured two to four times more exactly than this corresponds 

to the resolving power of the aerial-photo. With a decrease in the effective 

»Collection of TsNIIOAlK, Issue 10. 
Qeodezlzdat, 1941. "Research in Photogrammetry," Moscow, 
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aperture of the objective of the projector cne depth of sharpness is increased, 

but the resolving power of the image becomes worse, since diffraction of light 

begins to Influence it. 

Two objects are depicted separately by the objective if the angle between 

tne objects is larger than p", determined by the e.,pression 

ufer“1*22?- 
where A is the wavelength, equal to 0.00055 mm; d is the diameter of effective 

aperture of the objective, in accordance with which 

Table 18 shows comparative data on the resolving power of the objectives and 

the eyes, as calculated by formula (125). 

Table 18 
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Prom this it is clear that to preserve the resolving power of the image at 20" 

(in the aerial camera) it is necessary tnat the diameter of effective aperture d 

of the projecting objective be equal to 6 mm. 

i 36. Double Projector1 

In the given Instrument (Pig. 104), Intended for creation of a large scal^ 

map from aerial-photos, proJr-,tors are used with focal lengths equal to the 

surveying f (on the order of 150 mm); therefore the slides serve as copies of 

‘The firm Bausch (United States). 
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the aerial-photos. 

The illuminating system consists of two condensers united to a telescopic lever, 

connected with the plotting table. In the path of the light bundles there are 

placed anaglyphic filters. The image of 

aerial-photos is projected onto a small 

screen of the plotting table; it is 

observed through anaglyphic spectacles. 

A section of the model is introuuceu 

by means of a change In the height of the 

screen of the surrounding table. >/lu. a shift 

of the table contours and outlines are 

traced with a pencil on the plane table, 

located on the screen of the instrument. 

In another construction of a double 

projector there is used an ellipsoidal 

Illuminator manufactured by means of 

deposition of a metal on the surface of a 

In one focus there is the source of light ana in 

Fig. 104. 

glass ellipsoid (Fig. 105) 

the other, the entrance pupil of the objective. The system ensures good brightness 

of the image. 

• 37. Multiplex 

1. Description of the Instrument 

The instrument is intended for the construction of spatial [3-D] photo- 

triangulation nets ana the creation of topographic map. 

-154- 



The composition of the instrument Includes six to nine (and more) projectors 

producing an image on a common screen. With longitudinal overlap of aerial-photos 

of more than 50%, it is possible to construct a model of terrain over a considerable 

extent. Since the line of shift of the aircraft constitutes a curve in space of three 

dimensions, the projection of points of stations onto coordinate planes of a 

single system of coordinates gives values of components of base b , b , b , the X y z 

possibility whose establishment is provided by the construction of the instrument. 

Considering that at the time of photography aerial-photos have tilts and turns in 

their own plane, projectors are assigned tilts along the flight line by angler5 a, 

across the flight line by angles u, and rotation in the plane of aerial-photos is 

carried out through angle *. 

Pig. 106 shows an exterior view of the K. Zeiss wiueangle multiplex with 

accessories. 

On table 1, covered by plate glass 5, is a bed with T-form screw supports 7 

and a transverse crossbar with guiding arm 10. The crossarm with projectors can 

be lifted or lowered by means of wheel 9, by which movement one or another scale 

of the model is set up. It is possible to tilt the bed along axes X anu Y by 

means of screws 4. On the crossbar arm there are suspended six sections of 

projectors, having the base settings b (to left - right), b (forward - backward) 
X y 

and b_ (upwards - downwards). Furthermore, each projector has three angular 

installations a, u, *. The projectors are protected from shocks by a safety roa 

-155- 



with clamping screw 8. 

On the table is a small plotting table board 2; it serves for circumscription 

by a luminescent mark of outlines and contours of the image of the terrain. For 

accelerating the process of orientation four height [vertical] tables 3 are used. 

For measurement of angles of tilt of aerial-photos there is used two-level 

holder 6. It is installed on the projector Cardan ring after the illuminator is 

removed. 

Fig. 107. 

We show a multiplex projector (Fig. 107), which has linear installations 

b , b„, b„ and angular a, u, k. These installations are secured by the projector's 
X y z 

holder device. On the internal Cardan ring of the holder there is located a 

projector of small weight and dimensions, since the natural actual aerial-photos 

are not used but copies reduced in size (by 3>3 or 4.5 times). The diagram of 

the location of the optical elements of the multiplex projector depicteo in Fig. 108 

shows that the ray from the point source lamp drops on the first lens of the 

aspherical condenser, passes through the green (or red) light filter, through the 

second lens of the aspherical condenser, through the slide, and spherical segment 

with the mark. The rays are collected on the entrance pupil of the objective and 

thus the image of the slide is projected onto the screen. 

The image of aerial-photos on the screen is enlarged as compared to the 

original (aerial negative) by approximately 3-4 times which makes it possible to 

observe the image with the naked eye with sufficient accuracy. 
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Images of neighboring aerial-photos are colored in complementary hues. 

During examination of images through anaglyphic spectacles the model of 

terrain is observed, if slides in projectors are given a relative position similar 

to the position of aerial-photos at the time of the 

survey. 

Pig. 109 shows the external view of the Soviet 

wideangl«1 multiplex, I960 mo'el. On a table with thick 

plate glass, which is the screen, there are two vertical 

columns along which the girder with projectors is moved, 

allowing construction of the model in a zone of good 

sharpness of the image. The girder with projectors 

can also be tilted lengthwise or turned across the 

flight path of aerial-photos, which is used in 

geodesic orientation of the flight path model. 

The most Important attachment of the multiplex Is 

the small plotting table (Fig. 110). Along vertical 

stand 3 with the help of a screw one can shift the small screen with point aperture 

1, illuminated from below by the lamp; the vertical position of the screen is 

counted off on a scale. To the base of the table there is fastened attachment 4 

with a pencil whose point is located on the plumb line passing through the point 

aperture. On this screen are sections of the model examined stereoscopically 

but its measurement is derived by a mark; the pencil traces both the outlines and 

contours of the terrain. 
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suae, for the multiplex ere prepare, on the reducer, an exact projector - a 

vertical type construction (Fig. 111). TM negative 1. placed on glaa. 1 »HU 

coordinate mark, and pre.s.d to It hy a e.cond gla... The negative 1. Illuminated 

from below by the lamp. On the folding bod, there 1. fastened frame 2 for slide, 

and objective 3 with a focal length f - 70 mm. 

Pig. no. 

With the micrometer screw It 1. possible to set the position of the objective 

in height, and to read on the scale the position of the auxiliary frame which 

correspond, to the required reduction factor while retaining the sharpness of the 

Image. 

Table 19 
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During calculation of objective of the reducer residual distortions of the 

surveying and projecting objectives are taken into account. Por exact work of 

the reducer it is necessary that the surface of the slide be strictly parallel to the 

surface of the negative and the reduction factor be determined correctly. 

Correctness of the setting of the coefficient can be checked by comparing the 

facsimile of the control grid. Table 19 gives certain data on various multiplex 

types; of these the sldeangle and super-side angle types are manufactured in the 

USSR and in the German Democratic Republic. 

2. Checks of the Instrument 

1. The screen should be a flat surface. With large dimensions of the screen 

(glass or marble) depressions can be observed exceeding the allowance of accuracy 

of measurement of heights (0.1 mm). 

Check of the screen is conducted with the help of a level of ^5-second 

accuracy, and correction of sag is done with screws of the screen. 

2. The directrices of the table should be perpendicular. The plotting table 

mark and tip of the pencil pin also have to be on one perpendicular line. 

Observing on the mark the projection of the same point with two positions of the 

table, differing by 180°, it is possible by divergence of tilts to Judge the 

necessity of resharpening of the pencil point or correction of position of the 

pencil holder. 

3. The principal point on the spherical segment of the projector should be 

on the perpendicular to the plane of the auxiliary frame, passing through the 

nodal point of the objective. The plane of the auxiliary frame of the projector 

is brought to a horizontal position with the help of a striding level and then 

under the image of the principal point bring the mark of the plotting table. If 

after piercing the point with the pencil the table is removed, then, in the presence 

of error 6 in the position of the principal point of a spherical segment, the 

image deviates from the marked position of the point by the quantity A. 

The magnitude of the error will be determined by the relationship 

I á 
7TT 

With focal length of the projector fn - 22.93 mm, the permissible error of 

sighting is A ■ 0.3 mm and the height of the small screen of the plotting table 

above the screen is h ■ 100 mm the value of tolerance 6 ■ ‘0.06 ¡tot. 
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4. Determination of focal lengths of projectors is possible by means of 

projecting the measuring grid onto the plane of the small screen of the plotting 

table and onto the plane of the screen (Fig. 112). As a result of measurements of 

lengths of projections of segment, fn can be determined 

from the equation 

JçhxTT&Ts 
where m is the segment of the measuring grid; for instance 

to 40 mm and passing through the center of the grid; is 

the segment of image m in the plane of the small screen 

of the plotting table; M2 is the segment of image m in the 

plane of the screen; Hg-H^ is the distance from the multiplex 

screen to the small screen of the table, equal approximately 

to 100 m. 

With accuracy of measurement up to 0.05 mm and of M2 and up to 0.1 mm 

the mean square error of determining mf ■ *0.03 mm. 
rn 

The inequality of focal lengths of projectors of a given multiplex should not 

exceed 0.02 mm, and their deviation from the assigned value should not be more than 

0.5 mm. Then the disturbance of similarity of clusters of projected rays will not 

lead to perceptible distortions of the model. 

5. Determination of the reduction factor. For manufacture of slides with 
fk 

reduction factor JL it is necessary to establish the corresponding distances c and d 
rn 

between the negative, objective, and frame for the slide. 

Knowing focal length f of the objective of the reducer, it is possible to 

calculate values of segments c and d established In the reducer by the formulas 

r«/(l+l)and *«/(1 +*V 

After their installation and the photographing of the measuring grid, measure 

the segments of the obtained slide on the stereocomparutor. If the value of n, 

calculated as the ratio of segments of grid and slide, differs from the assigned 

value by more than 0.005, then it is necessary to change the length of segments c 

and d to repeat the photographing. 

6. After the checks indicated above, make a general instrument check for 

which In projectors place slides of measuring grids, establish them in a horizontal 

position and on it conduct spatial phototriangulating along the X-axis of the 

instrument. In case of divergence of more than 0.1 mm in the heights of points 

common to neighboring pairs, replace or readjust the projectors. During this check 

the values of zero points of scales of basic components are also manifested by means 
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of readings on the corresponding scales. 

For eliminating the Influence of sag of the bed on the determination, the zero 

points of bz, measure the position of chambers of projectors with the help of a 

support with an indicator adjoining at the measuring tip to the summit points of 

the objectives. 

I 38. Orientation of Aerial- Photos 

For creating a topographic layout on the multiplex, it is necessary first to 

restore a model which is similar to the terrain. The process of orientation of 

one projector relative to another is called relatl/e orientation of aerial-photos. 

Reduction of the obtained mouel to the assigned scale and its orientation 

relative to the geodesic system of coordinates is called external or geodesic 

orientation. 

1. Relative Orientation 

The relative position of aerial-photos of the stereopair is determined by 

five quantities, called the elements of relative orientation. 

With correctly fixed aerial-photos analogous rays intersect, forming a model 

of the terrain. Intersection of rays occurs independently of the dimension of 

the chosen base and relief; consequently, the presence of longitudinal parallaxes 

on screen does not prevent intersection of rays when they are extended. 

With incorrectly fixed aerial-photos analogous rays do not intersect; besides 

longitudinal parallaxes there appear also transverse (noncoincidence of two Images 

of the same point on lines perpendicular to the base). 

Thus, the process of relative orientation of aerial-photos in the Instrument 

consists of elimination of transverse parallaxes of points on the screen by 

appropriate settings of projectors. 

The effects of the individual movements of the projector on the magnitude of 

change of transverse parallaxes of different points of the stereopair are unequal. 

Therefore, for relative orientation of aerial-photo select those points in which 

the corresponding movement causes the most effective elimination of transverse 

parallaxes. Furthermore, select an order of movements in which each subsequent 

movement does not cause the appearance of transverse parallaxes on the preceulng 

points. 
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Two methods of relative orientation of aerial-photos exist: relative orientation 

with a horizontally fixed base and relative orientation with a nonhorizontal base. 

Relative orientation with a horizontally fixed base. Let us establish two 

neighboring multiplex projectors on one height by means of shifting one of the 

projectors to a height at which the transverse parallax along axis X will not be 

observed. Then between neighboring projectors we establish one or other base b 
X 

arbitrary In magnitude. Transverse parallax In five points of the stereopair are 

eliminated by rotation of screws In the ordex* given In Table 20. 

Table 20 

Point Ser«« Net* 

t 
i 
4 J 
• 

•» 

§ 
Control ! 

Diacraa of locaUor. or 
point* 1* shown in 
Fig. 94. 

• 

Rotation of the left projector through angle causes a change In the 

transverse parallax at point 2 on the screen according to the expression1 

&■»—*i«|. (126) 

Analogous rotation of the right projector through [this?] angle changes the 

transverse parallax at point 1: 

Qt^X*** (127) 

Elimination of transverse parallaxes In points H and 3 Is attained by tilt 

Ao of pi’ojectors In direction of the axis X. In agreement with Pig. 113, 

presenting the Image of an aerial-photo tilted at angle An, the distortion of the 

position of point m^ Is uIjItIq ■ q; therefore 

lHere and subsequently plus signs are used for coordinates and elements of 
orientation of aerial-photos as follows: for X and Y - to the right and forward; 
for Aci(t) and Aui(e) - during deflection of the principal axis from the perpendicular 
line (normal to the base) in the direction of positive coordinates; for k - during 
count from the trace of the basic plane In a counterclockwise direction. 
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where 

•/=/4Ctf 1«. 

Hence we find that in scale of the model for points 4 and 3 the values of 

transverse parallaxes caused by tilt are determined by the expressions 

and 

(128) 

(129 

where X, Y are coordinates of points of image on the screen and H is the distance 

from the screen to the nodal point of the projector objective. 

At point 5 the transverse parallax is eliminated by tilting the right aerial- 

photo at angle Au.2 (or the left through angle aU;l) in direction of axis Y. 

Pig. 114 shows that in the absence of relative transverse tilt Au for both 

images segments o^ would be identical. With rotation of oue aerial-photo at angle 

Au it is possible to obtain projection of segments o^' (equal o^) on the screen 

in the form Oj'Mg. Consequently, the transverse parallax 

Qt=oiot,+MtMr 

We will define the terms of the right sides of the equation: 

H'im, 
Y’àu 

““7T‘ from which 



(130) 
TT 

Thus, transverse parallax appears both in the central zone of the stf .‘opair 

and on Its edge. Therefore during Its elimination by movement Au at point 5 

¡ transverse parallaxes in other points will remain which 

will make several approximations necessary. 

For manifestation of the conditions for complete 

elimination of transverse parallaxes on the basis of 

observation of it at point 5 we will turn to equation 

from uM^n 

or 

. h* 
■**—»1—= > +VI 

kml (131) 

Here k is the coefficient of necessary increase in the transverse parallax 

in the visible on the screen at point 5. 

Table 21 gives coefficients k for different focal lengths of the aerial 

camera and ordinates of points. 

Table 21 

lorwth 

Asm 

MM 

IB • 10 

«• 

8 1.1 
IM 

s 
$ 
9 

Thus, at point b the transverse parallax is not eliminated, but introduced and 

enlarged k times taken with the opposite sign. After this the process of 

eliminating transverse parallaxes is repeated in all points. 

At point 6 control of orientation is carried out. 

The general type of formula of transverse parallax of a point on the screen 

will be obtained during summation of all its components: 
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(132) 

Q ■* — Ai *» + «t — A«,-f- 

+(*+$)>- 
where 

Formula (132) for any point of the stereopair can be used for analysis of 

transverso parallaxes. However, during relative orientation the calculations are 

not carried out; and the settings of projectors o, u, k are found by stepwise 

approximation. Transverse parallaxes are eliminated with an accuracy of 0.2 mm 

in the scale of the model. 

The shown method of relative orientation is applied to separate pairs of a<*:ial- 

photos. The process of orientation lasts 15-20 minutes. 

Relative orientation on a nonhorizontal base. The left aerial-photo occupies 

an arbitrary position in the instrument and during orientation remains motionless. 

The right aerial-photo is displaced and tilted in such a way that it is 

possible to establish elements of relative orientation. 

The sequence of elimination of transverse parallaxes is shown in Tab]e 22. 

Table 22 

Point ácrtw No’ • 

9 
1 
4 

• 
5 
« 

S 

Vi 

*«l 
Control 1 

1^1 » TM of locmtlor. 1« 
■ho«» In Fig. 94. 

& u 0») 

The elimination of transverse parallaxes at point 2 is carried out in accordance 

with the condition 

A«-**. (133) 

l.e., it is produced by shifting the right aerial-photo along the X-axis, which 

replaces the setting of ^ of the preceding method. 

The elimination of transverse parallax at point 1 is subject to the condition 
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i.e., it is produced by rotation of the right aerial-photo through angle i^. 

Eliminating the transverse parallax at point 4 is attained by introducing 

elevation of the right end of the base by the magnitude b . In agreement with 
z2 

Fig. 115, 

from which 

U35) 

The transverse parallax at point 6 is eliminated by means of establishment of 

the relative transverse angle Aw2, according to equation (130), but with the 

sign reversed: 

+ (136) 

The transverse parallax at point 5 is eliminated by 

’ovement of Ao^. At point 3 the check of orientation is 

produced. 

Let us give the general form of the formula of the 

transverse parallax for this method of relative orientation: 

or in the system of the origin of coordinates of the left aerial-photo 

(137) 

¢--fn+yfi-Ä)*«- ^ ^+ ^*1^**1- 

“(I-TJÍ)*4** (138) 

The method of suborientation of subsequent aerial-photos to the preceding 

ones is used to create a model of an entire flight photo run during spatial 

phototriangulation. 

If the elevation between ends of the base (stations) is known, for Instance 

from statoscope readings, then magnitude b , equal to this elevation in the scale 

of the model, is established on the corresponding scale of instrument immediately. 

-166- 



2. External Orientation 

The model of terrain obtained as a result of relative orientation has a scale 

which does not correspond to the scale of the map; also Js arbitrarily oriented 

relative to the geodesic system of coordinates. Therefore It is necessary to bring 

the model to the determined scale of the plan and to orient it relative to the 

geodesic system of coordinates, i.e., to carry out external orientation of the 

mode. For external orientation of the model three geodesic control support 

points are used; for two of them all three geodesic coordinates have to be known, 

but for the third - only its height. 

The problem of external orientation of the model is solved by the optical- 

mechanical method, by changing the basic components b , b , b and the tilt of 
X y z 

the entire model with respect to the plane of the screen, which one should consider 

to be combined with plane XY of the geodesic system of coordinates. As a result, 

the three control points of the model will be combined with corresponding points 

of the base, placed on the screen, both in layout and in height. 

Usually the model has angles of tilt equal to tilt of the first aerial-photo, 

taken as the initial •»no fixed in the instrument in a horizontal position; 

consequently, the angles of tilt of the model can be on the order of 1-2°. This 

permits determining the coefficient of reduction of the model from the ratio 

on the oasis of simple comparison of distances between two points of model A and C 

and points of the plan AQ and CQ. 

(139) 

Then, by establishing in the instrument the new basic components Kbx, Kb 

and Kbz we will obtain a model in the assigned scale. 

For tilt of the model use the values of the heights of points A, B, C 

(Fig. 116). 

Let us take point A as the origin of coordinates of the model, i.e., hA - 0. 

Then, setting at point B of the screen a plotting table with geodesic elevation 

of point B, expressed in the scale of the model, fixed on it we see noncoincidence 

of the point of the model with the space mark; by shifting the latter in height, 

it is possible to measure the quantity hß - the difference between geodesic and 

photogrammetric heights. Analogously we find the difference hc between the 
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Fig. 116. 

geodesic and photogrammetric heights of point C of the 

model. 

In order to determine the angles of tilt of the model 

it is possible to use an auxiliary construction on the 

plane table. For this purpose we draw from points C and B 

segments of axes X and Y to intersection with sides AB 

and AC or with their extensions at points D and E. After 

that we determine the difference h of the geodesic and 

photogrammetric heights of points D and E from the 

equations 

and 

AB 
JD* ë 
AC tg v-f. 

The unknown angles of tilt of the model 
can be determined by the formulas 

uto) 

The values of hD, hc, hE, and hß are taken with their signs; the obtained 

signs of angles of tilt of the model indicate the direction of its tilt; with 

positive a', u. it is necessary to lower clockwise the right part of the model 

remote from the observer. 

Tilting of the model is usually carried out by consecutive turns of the bed, 

with checking of the results of orientation by measurement of elevations between' 

geodesic point, of the model. For the horizontal model the measured photogrammetric 

elevations of points have to be equal to their geodesic values. 

The multiplex is used in many countries which employ aerial photography, its 

wide application is known for purposes of spatial triangulation, as well as for the 

creation of plane nets in scales of 1:25,000-1:10,000. 

With good selection of light filters and lamps the multiplex can be used 

for map making on larger scales. 

For the purpose of creating photomaps with contours by the slot method, the 
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»ultlplex 18 .,ulpped wlth MdlUonal (caprlage8_ photooaaaatta and 

electric drives). 

' 39' —phQto<'r’íi2gí¿atlon 

«..8uP.me„t dr the nodal 06talnad aa the reauit or orientation or aeriai_photos 

on th. „atlpl„ „.Kes lt po.slbl. ,,o Cdnduct apatlal |)hototrlangolatlon for the 

production or ne. vertlcal-horltont.l control pointe over a con.ld.rable extent 

expeclally .1th the ue. of radlo-.ltl„.t.r and et.to.cope reading., 4rt.r 

thickening th. vertlc.l-horleont.l control and It. coordination. It 1. po.alhle to 

proc... ..parat, .od.l. for conpo.lng a topographic layout. The pro.... of apatlal 

phototriangulation con.l.t. or the con.tructlon or a „ode! (relative orientation 

or aerlal-photo.,. „....renent or toordln.te, or It. point., and geode.lc orientation 
Of the cj.atial net. 

1. Spatial ^'^“^«lon^lth Oraphlc Turn 

Setting up th. nr.t and ...ond aerlal-photo., orient then relatively according 

on. or th. considered method.. The length or the base 1. taken such that It 1. 

poealbl. to construct the „odel l„ the done or best sharpness or the Lag., Then 

.1th an arbitrary ba.e to the second aerlal-photo. subvarlent the third aerlal- 
photo by the aecond „ethod (>,lth a nonhorl2ontai MaeK #nar that 

or the second model to the scale of th*. mu. . 
scale of the first. This Is achieved by changing the 

valve of the base S2S ' (Fig. 117) to the : v. 
2 3 - aiue » at which common points (for 

instance. «2 and Mp .m hav. Identical height. In the 

two models. 

It 1. necessary also to establish ne. values or the 

base components by, b2, changing them according to 

formulas of reduction to valves 

* « 4J> Af 
**«• (1^2) 

*rter checking th. coincidence or height, on other 

ommon point, round 1„ th. done or triple overlap or aerlal-photo. and the 

raprovement resulting rrom .ddltlonsl ob.erv.tlon. or the position or points 

S3 proceed to th. sub.rl.ntatlon or the rourth and ,„b.e,ue„t aerial-photos. 

Heights or points or the model are measured .,th the help or plotting tables 
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When the length of the net exceeds five to seven bases, noticeable errors appear 

In the position of points, in view of tilt of the initial aerial-photo, flexure 

of the net, and its torsion. Let us suppose that on the area of the model 

(Fig. 11Ö) there are five control points ... Vl^, located on its edges and in 
the middle of it. After relative orientation of aerial-photos and determination of 

the scale of the net, combine one of the points of the model with the mark of the 

plotting table. Then in other points M2, M3> M4, after establishing geodesic 

elevations on the measuring table, coincidence of the mark with points of the model 

will not be observed due to the tilt of the model and errors in its construction. 

First we will coordinate the net on points M2 and . Let us assume 

that the divergence of heights at point M4 is H5 m, and that at point M2 is 10 r. 

Considering the significant length of the photo run in the scale of construction 

(800-1200 mm and more) and the small tilt of the model (1-2°), we may conclude that 

with small relief the points are not displaced in the horizontal relation. 

Therefore, for thickening the horizontal net there is no need to turn the model. 

For horizontallzing and correlating heights, trace on the base the graph of 

vertical corrections with an interval of, for instance, 5 m. Determining by 

graph the correction of heights of points M3 and M5 (in the given example the 

measured height of point M3 must be corrected by 27.5 m and the height of point M5 

by 5^.0 m), compare the corrected height of point M3 with its geodesic height. A 

difference in them equal, for Instance, to ah3 ■ -8 m Indicates that there is a sag 

of the model. This sag occurs according to the law of the parabola, Ah ■ ax2 

[16]; therefore for the introduction of corrections in points of the net we 

construct on the same base a second graph of lines of equal corrections. Values 

of corrections for a series of points of the net, utilized during construction of 

a graph, are calculated by the formula 
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(143) 

where Ah1 is the correction for the height of a point, x is the distance from point 

M3 t0 ilne miM2» and xi 18 the distance from the point with correction Ah1 to line 

M1M2- 

For instance, with Ahj ■ -8 m, XA - 200 mm, and X • 400 mm, the value Ah1 ■ 

■ -6 m, etc. Lines of identical corrections should be parallel, but due to errors 

can approach the edges of the model. 

Let us suppose that after construction of both graphs the sum of corrections 

for point M5 turns out to be still insufficient and Ah5 -4m. In this case 

twisting of model occurs according to the law of the hyperbola, ih • BXY. To 

eliminate the influence of twisting of the model on the values of the determined 

heights of points, we will construct a third graph on the same base. For this 

one should execute linear interpolation of corrections between points and M5, 

M2 and M3, and so on. By connecting the points with identical values of 

corrections we obtain curves of corrections for twisting of the model. 

With the summation of values of corrections with measured height obtained 

from the graph it is possible to obtain final heights of the control and other 

points on the area of the model of the photo run. 

The quality of completed spatial phototriangulation is estimated prior to 

its coordination. The mean square error in the determination of heights in middle 

of the net in the absence of statoscope readings is equal to [11] 

•a* ±<U5 y 19« + 48, (litk) 

where H is the height of photographing in m; b is the base, equal in the scale of 

the aerial-photo to ¢70 mm; m^ is the accuracy of measurement of transverse 

parallaxes; n is the number of bases. 

Furthermore, by this formula one can determine the maximum permissible distance 

between control points. For instance, with mh - 10 m and H - Ü200 m, the value of 

n - 7, i.e., with f^ - 100 mm the control points should be at a distance to 20.5 km 

from each other (small-scale aerial photography). 

By using statoscope readings (the instrument working with an accuracy of 

0.7-2.0 m), it is possible to establish directly on the instrument the value of b 
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but only in that case when if on the first stereopair is determined the scale 

of the model. Then errors of spatial phototriangulation are essentially decreased. 

2. Composition of a Topographic Plan 

After obtaining vertical control points and the values of the elements of 

orientation of aerial-photos by the method of spatial triangulating, we come to 

treatment of separate stereopairs. 

Establishing aerial-photos by obtained data, deflnitize their orientation 

according to control points, then establish the table at the height of the 

chosen section. Observing the model through the spectacles, shift the table without 

detaching the mark from the surface of the model. Sometimes, to simplify the work 

of tracing of contours , workers first draw on the plane table the hydrographic net, 

ravin»s, etc. After drawing the contours proceed to tracing roads, blocks of 

Inhabited localities, and outlines of woods, then shape the topographic plan 

according to the requirements of the corresponding instructions. 

The scale of the original which is directly obtained on the multiplex, is 

larger than the map scale; therefore for reducing it to the scale of the created 

map, use an attachment in the form of a pantograph, fastened with the encircling 

needle of the plotting table. In other cases photoreductions of the drawn plan 

are made. 

The multiplex is used during composition of maps on scales of 1:100,000, 

1:50,000 and sometimes 1:25,000, with the section of relief at each 20-10 m. 

-172- 



CHAPTER VII 

STMtlffl of ftKirwjj|; ^p;Lon 

I 
Gniz}„_üMMjm.xrm>r- 

Typ«» 

1 ^0, gEgol*l P»>turaa of Unlvr»>i In«trum#ni:. 

In th... universal lnstru«.nts Intsr.sctlon of points i, executed byamobile 

optloal or mechanical elements. 

TI» .».cui rtMur« of oonotruotlone of unlvorool ln.tru..„t. ., coop.r.0 

t0 th* ■UWlplM th* of ,.rr,ln, out lnt.r,.ctlon .ocortlng 

«. th. prlnolpl. Of th. tplugl. pm. p.r.u.l.,r«. th. .ppUctfon of 

Photo. 1< ■ n .or. i„ .1... th. pr...„„ of 00ordlMt. x, ,, .nd 

of th. .P.O., „0 th. po.,ihiUt, of dr.win* th. Mp in ortho,on.l proj.otion 

•ooordint to . .t.r.o.oO.1 ^IflM 6.1S tlm.. (for m.t.no., . .00.1 „f ,.rr.ln 

or..tM in th. ln.trun.nt 1. ««cnlfiM b, 1.5 11..., th. 1m«. i, .„i.P«,d 

bp *-8 tl«.. « mp 1. o,..t.d di„.r.nt „.J.. dlr,ctly on th> ln.triiBtnt or 

.n ooordlnntogrMh. On o.rt.ln Ml,.r..l ln.truMnt. It 1. po..lbl. .1.. to o.rr, 

out tr.«tMnt of ..«.1-photo. obt,ln.d .1th v.r, i.rg. .lop., of th. prlnclp.l .,1. 

of the aerial camera at the time of the survey. 

fro...... of orl.nt.tlon of ..rl.l-photo, on th... ln.tru..nt. .r. crrlM 

.« .eoordln« to . proo.d„r.l outlln. .n.logou. to th.t of orl.nt.tlon on th. 

■lltlplM. Th. .u. Mthod. .r. U.M for .p.tl.l trl.n«ul.tion ,nd ooordln.tlon 

of th. n.t. TrlM«ul.tlon 1. pro<luo.d «Ith ..Itohln« or the .Ightlng a... .„d th. 

Introduction of a negative base. 

Unlv.ra.1 ln.tron.nt. of th. optlo.^.oh.nlo.l type c.„ .„.ore high accuracy 
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of determination of the planar position and heights of terrain points, which makes 

them convenient for large-scale cartography (1:10,000 to 1:5000). 

At present in aerial photography varied wide-angle objectives are used; they 

have focal lengths of 210 to 55 mm, which corresponds to angles of the field of 

view of 62° to 133° for the 18 * 18 cm size. 

In connection with this there exist designs of universal Instruments based on 

the use of similar bundles with angles of the field of view up to 105° end 

[device using] converted bundles of projecting rays with angles of more than 105'. 

The last Instruments are more complicated in the theoretical sense, since the 

orientation of the aerial-photos requires the installation of additional elements. 

In spite of these difficulties, the Instruments of this group have obtained the widest 

application in the USSR Inasmuch as aerial photography is executed basically with 

side-angle aerial cameras. 

* 1,1 • Intersection in Space in the Stereoplanlgraoh 

Fig. 119 shows the form of intersection by similar bundles of rays in the 

stereoplanigraph, it has the form of a triangle united with a parallelogram. The 

form of intersection is caused by the application of two 

marks (instead of the one mark in instruments of double 

projection). The projecting cameras1 of the stereoplani¬ 

graph are located on fixed points S1 and S2 instead of 

points S^ and Sg' to rays and determining by 

intersection the position of point M^, there corresponds 

rays S2Mq and S2M2, parallel to them. With such location 

of projectors it is possible to establish bases bx of any 

dimensions (equal to zero, positive, or negative). The 

base components by and aré established in the space of intersection by 

movements of the carriages on which marks and M2 are fastened (comporent b 
y 

is not shown on the figure). 

The projectors of the instrument construct the images of the aerial-photos on 

mirrors with marks which are examined Jointly with the images in the observed 

system. With this the observer sees one space mark and a stereoscopic model 

1 These may be photocarriers (Schwldcfsky, An Outline of Photogrammetry. 1959) 
or simply projectors (The Focal Encyrxopedla of Photography. Focal Press Limited. 
I960). [Tr. Ed. note]. 
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of the terrain. Matching of the mark with an observed point of the model 

corresponds to measurement of the position of this point in the plan [horizontally] 

and in height. 

Method of Projection. The projectors have objectives similar to the objectives 

of aerial cameras. Therefore the rays projecting a point of the negative reach the 

optical system along the same directions in which they entered the aerial camera, 

thankj to which the Influence of distortion of the surveying objective is removed. 

A small disturbance of the focal length of the objective of the camera (*2* from 

the fk of surveying) does not affect the sharpness of the image; this fact is 

used during the setting of the value of focal length. In this case rays proceed 

between the objective of the projector and the viewing system as a parallel bundle, 

ensuring image sharpness even during observation of extreme points of the aerial- 

photos. 

Such ^re the advantages of the colllmatlonal principle of measurement of angles; 

a diagram of this system is depicted in Pig. 120. 

Por preservation of sharpness of the image in the plane of the mark during 

changes of the lengths of the projecting rays there is used, besides an objective 

«0 
identical to the surveying lens, a telephoto lens of 

variable focal length (Pig. 121); it consists of positive 

lens 2 and negative lens 1. The distance between the lenses 

depends on the change f8 in the length of the projecting beam. 

If the lenses have the same focal length, then the value 

fg of the equivalent focal length of the system is determined 

by the formula 

(145) 

where t is the distance between the principal planes of the 

lenses. 
Pig. 120. 

Table 23 gives values of f at f - 40 mm 
3 

Pig. 121. 
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Table 23 

These data show considerable change In the magnitude of f3 corresponds to a 

small change in the distance between lenses. The change in the distance between 

lenses occurs by moans of an automatic shift of the positive lenses of the system 

with help of an invertor calculated by formula (1^5). The invertor constitutes 

a tube with a steel flange - a cam which is connected to mechanism of shift of 

positive lens by means of a parallelogram device. 

Zoomar revolves around the axes of a Cardan Joint which have their point of 

intersection in the rear modal point of the projection objective. 

• ^2. Structure of the Stereoplanlgraph 

Fig. 122 depicts the diagram of a stereoplaingraph. The base of the instrument 

consists of solid guides X and Y, which are rigidly connected. Vertical column Y 

shifts along guide; column Z has a guide for the carriage of heights, carrying the 

projections. Each projector has three angular movements, utilized for relative 

orientation of aerial-photos. Furthermore, the projectors Jointly revolve around 

two mutually perpendicular axes, which is necessary for horizontalizing the mouel. 

Telephoto lenses with variable focal length, along with the Invertors and 

parallelograms, ensure sharp images of aerial-photos in the plane of brands and 

M2 of the mirrors. The images, together with the marks, are seen through the 

observation system of the instrument. Stereoscopic matching on points of the model 

is executed by shifts of chambers on coordinates Y and Z ana of the carriages 

with the base supports on coordinates X. These movements cause corresponding shifts 

of the carriages of a coordinatograph located next to the stereo planigraph. A 

plane table, on which occurs tracing of the map, is set on the able of the 

coordinatograph. 

Carriage Z with the projectors, travelling along the vertical guide, has a 

horizontally located cylindrical beam whose axis of rotation is parallel to axis X. 
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By rotating the beam around Its own axis it is possible to turn the model by angle x 

of the transverse tilt. Perpendicular to the beam there are fixed cylindrical 

axes - bushings connected by a parallelogram for Joint rotation of the projectors 

by angle which corresponds to the longitudinal tilt of the model. In the 

bushings there are located the first axes Ao1 and Ao2 of relative rotation of the 

projectors around axis Y, and on the axes themselves, are sectors Au of the 

relative transverse tilt of the projectors. The negative cassettes possess rotation 

in own plane at angles k. 

On the brackets of the transverse beam there are also holders (with Cardan 

Joints) for telephoto lenses of variable focal length. 
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Pig. 130. 

S ^3- Stereophotogrammetrlc Instruments Based on Optlcal- 
Kichanlcal and Mechanical Diagranii 

These instruments are intended for the creation of maps from aerial-photos. 

The bearing [intersection] of points is produced in them by precision rods or bars. 

As in the stereo planigraphs, they have coordinate carriages X, Y, and Z and 

settings of base components bx, by, and bz. 

A special feature of such stereophotogrammetrlc. Instruments is principle of 

intersection by spatial rods with tilted projectors or photoholders and shifts 

of the viewing system. With this there are used methods of observation of aerial- 

photos by collimating or comparator principles, when the aerial-photos are observed 

at beams of sight orthogonal to them. 

In this case movement of the projectors is produced most frequently in one 

direction and that of the sighting system in another. 

Drawing Instrument of Thomson (England). The Instrument (Fig. 131) is based 

on use of intersection by three bars, of which two revolve in plane ZX (behind 

the instrument), and one in the plane ZY (on the left side of the instrument). 

During turns of the bar of transverse directions, located on the left side 

of the instrument, both projectors rotate around the line of the base by angle 6. 

Rays of sight are directed into the objectives of the projectors vertically. During 

turning of the rear bars, located in plane ZX of the instrument, there occur 

corresponding tilts of the optical elements of the viewing system; consequently 

intersection is carried out and the possibility of observation of identical points 

of the stereomodel is attained. 

Horlzontallzlng of the model with respect to the axis Y is attained by 

transverse tilt of chambers, and that with respect to axis X with the help of 

correction arm. The instrument is designed for treatment of aerial-photos of the 
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size 23 x 23 cm and with a focal length of 152 mm. According to source material, 

the Instrument, which has binocular magnification of 5-15x, gives exact results. 

The Nlstrl photostereograph (Italy). On this instrument it Is possible to 

produce spatial triangulation and automatic tracing of maps from photograph? 

obtained with an arbitrary location of the principal axis of the camera. Intersection 

of points of the model is produced exact rods, [telescoping] tubes, connecting the 

optical parts of the projecting system with supports b_ of the coordinate system 

XYZ. 

Depending upon the type of survey (ground or air) the rods are disposed 

horizontally or vertically; here additional consoles to supports b are used. 

The instrument (Fig. 132) consists of a massive bed, on which shift carriages 

X, Y, and Z move; on carriage Z there are supports for setting the basic components 

bx, by, and b2. Carriages X and Y have electric motors, synchronously connected 

with the motors of an electrocoordinatograph. The electrocoordlnatograph is 

equipped with a gearbox for the construction of maps in different scales. 

In the front part of the instrument there are photocarriers with objectives 
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Pig. 132. 

Identical to the taking objectives and mobile Cardan devices carrying the optical 

elements of the viewing system. 

The mobile Cardan devices are actuated by rods in such a way that in the 

binocular system a stereomodel of the terrain is visible. The diagram of the front 
* 

part is shown in Fig. 133. 

Pig. 133. 
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On bed 1 there is attached massive holder of the first axis of rotation of 

semicardan Joint 2. On the second axis of rotation 3» containing part of the 

optical system, there is semicardan Joint of intersection rod 6 with mark reflector 

5. Cardan 7 bears the photocarrier in the form of a frame with marks for centering 

of aerial-photos. Cardan 7 is attached to console 8 for common rotation around the 

X-axis of relatively oriented ground photographs or aerial-photos at angles of from 

+10 to -110°. The stereomodel is viewed through optical system 9-17. 

The image of the luminescent mark is obtained by means of illumination of a 

point hole in the diaphragm; the latter is in the rod (tube) and is Illuminated by 

a lamp; certain components (prisms 10 and 15) have rotary movement and therefore 

require very precise manufacture and adjustment. 

In the instrument there are applied photocarriers (projectors) with a focal 

length of 152 mm (objective Rigel, 1:6.3) 23 * 23 cm for aerial-photos and 

photocarriers with a focal length of 210 mm (objective Aldebaran, 1:4.5) for 

18 X 18 cm aerial-photos. Data characterizing the instrument are given in Table 25. 

Table 25 

ElMwrts of 
inotrunom 

Nunerioal 
data 

X, MM 

ïg : 
•# • 

A MO 
- tio^no 
Í M 
A M 

The Wild Autographs (Switzerland). Over a number of years there have been 

released several models of autographs based on mechanical intersection and intended 

both for treatment of an isolated stereopair and also for spatial triangulation. 

Models A-5 and A-8 are intended for treatment of Isolated pairs of aerial-photos 

18 * 18 cm in size, while the model A-7 is designed for treatment of aerial photos 

by the method of continuation, and also of photographs of ground stereophoto- 

grammetric surveys. 

Figure 134 shows an overall view of the Autograph A-7. The lower part of 

instrument consists of carriages X, Y, and Z with supports b , b , b„ , b , bv , 
xi x2 “I ¿2 yl 

and b ; on the latter there are located Cardan sleeves. Marking rods pass through 
y2 
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Pig. 13^. 

them. In the upper part of the Instrument there are two massive photocarriers, 

to which it is possible to Impart angles of tilt a and u, and to the cassettes 

with photographs, furthermore, also angles k. The cassette can be set with respect 

to the center of rotation of the photocarriers at values of focal lengths equal 

to 98-210 mm. 

Under the cassettes there are located radial carriages with prisms, which 

are activated by the telescopic ends of precision rods, carrying out intersection 

of determined points. Rays of sight emerge from the prisms on to the aerial- 

photos orthogonally, as in the stereocomparator. The presence of tilted photocarriers 

demanded the creation of a complicated optical system, executing a number of 

functions (rotation of image, introduction of positive and negative stereoeffect). 

Magnification of the field of the aerial-photo visible in the ocular is equal to 

■8\ 

Shifting of carriages X, Y, Z in thr> system o'’ the model is accompanied by 

readings of coordinates with a precision of 0.01 mm. 

The high accuracy of the instrument is attained by the application in the 

X, Y, and Z carriages and Cardan sleeves of precision ballbearings and the 1 s in 

the mechanisms of the adjusting elements of polished axles and bushings. The 

guides along which the carriages shift are cylindrical in form. The coordinatograph, 
I 

located on the right of the instrument, ensures the obtaining of maps of all scales. 

At present the Wild plants are creating the Autographs A-9 and B-9. The first 

of them is adjusted for treatment of aerial-photos reduced by two times and is 

useful for triangulation (Pig. 135). The tilts of the rods ensure treatment of 

aerial photos with fk * 70 mm. The diagram of the instrument is similar to that 
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Pig. 135. 

of the A-7. 

The Autograph B-9 differs from A-9 by the fact that it takes aerial-photos of 

normal size. The precision rods intersect at one point, and consequently the 

possibility appears of guiding the height table with one hand. The map Is traced next 

to the instrument with the help of a pantograph connected to the height table. 

The Zeiss atereometrograph (German Demorcratic Republic). This stereophoto- 

grammetric instrument (Pig. 136) is based on mechanical intersection and Is 

intended for treatment of aerial-photos of isolated stereopairs of orthogonal 
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Intersection Is carried out by spatial precision rods on the principle of a 

triangle with a parallelogram. The lower ends of the rods are actuated by Cardan 

sleeves 4 and V, located on vertical carriages 1 and 2 (Z1 and Z2). The upper 

ends of the rods shift carriages 7 and 7' with prisms for observation of points 

of aerial-photos 8 and 8'. The projectors with aerial-photos possess adjusting 

^.icvemer.ts b and b . y i y 2 
As compared to that In the stereoplanigraph, the coordinate system has a 

smaller number of guides, since carriages bx and bx , Joined by a screw, are 

located on a common guide 5. During their jJmt movement one can determine the 

abscissa X of the model, and during transverse movement of guide b the ordinate 7 

can be found. 

Determination of coordinate Z Is attained during Joint shifting of carriages 

\ and bz2 (Y and Y,)» of which bz carries additional support b (3). 
i 

Synchronous rotation of screws b and b Is achieved by electrical devices 
1 2 

of the selsyn type. Such devices are also provided and for screws X and Y of the 

instrument. 

Replacement of mechanical connections by electrical simplifies ccnr.rol of 

both the Instrument and the coordinatog.-aph and also gives the possibility of sending 

^elements of the movements to the height counter and to the printing machine for 

fixation of coordinates. 

It is assumed that electrical connections preserve the accuracy of the trans¬ 

mitted coordinates even during prolonged operation of instrument. 

Settings by, a, «, and < are carried out by mechanical drives of the usual 

type. 

The projectors are mounted on Cardan Joints and can be set on angles of 

inclination around the points of projection of rods 6 and 6’; the aerial-photos, 

besides turning by angles k, can also be decentered along axes X and 7. The 

mechanism of decentering permits carrying out Intersection by converted bundles at 

angles of tilt of the aerial-photos of not over 30*. Carriages with viewing prisms 

are shifted in inclined planes by means of the action of rods. To eliminate 

shifts of Images of aerial-photos with luminescent marks superimposed on them 

during tilting of projectors, automatically turning prisms are used in the optical 

system. 
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By changing the height of the position of the cassette in the Instrument with the 

help of micrometers it is possible to establish different values of focal lengths of 

the projectors while retaining image sharpness and the possibility of observation 

of aerial-photos with orthogonal position of the visual rays. 

The height counter, actuated from the carriages through an electrical connection, 

is in front of the observer, near binocular 9- The instrument is encased in a light¬ 

tight housing (Pig. 137). 

Fig. 137. 

Characteristics of the instrument are given in Table 26. 

Table 26 

Elements of the Instrument Numeri i aJ data 

Size of aerial-photos, cm 

Magnification 
Focal length, mm 
lilts of aerial-photos, in degrees 
hr ‘.le of rot at i o n o 1' ae ri al -pho tos, in 

degrees? Bases’ $ mm 

£ • 

Coordinates i • 
■ • 
z . 

Dimensions of the instrument, cm 
Weight ^ 
Area occupied b,y coordinate graph, cm 

11X1*1 33X23 
14X14 
1.7* 
9¿-2’S 
às i 
A 10 

0-290 
-10+10 
- IS + I* 

* 900 
— 280 + 900 
+ US + 310 

210X130X130 
1200 

110X120 

The scale of the map Is established by means of a set of gears with a gear ratio 

of 0.25 to 5. 
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i Stereofot.1 

The instrument is intended for small-scale and medium-scale cartography from 

aerial-photos of orthogonal surveys. It is based on the principle of optical- 

mechanical intersection. In Pig. l38 are shown rods and S2M, intersecting at 

point M. By means of parallelogram thrusts collimators C1 and C2, are actuated; 

their axes are always parallel to the marking rods. Above collimators are projected 

on their surface, and simultaneously field of observation is illuminated. So that 

slides will always be located horizontally, on the way path of the rays of the 

projection two mirrors ar. installed. Of these the lower is large and immobile 

and tho upper is a small mirror, fixed at an angle equal to the angle of tilt of 

the aerial-photo. 

Pig. 139 shows an external view of the instrument (Prance), which consists 

of an upper part set at a height and equal to section h and containing a binocular 

system for observation of aerial-photos, and a lower part consisting of a table 

with mechanisms on its surface (mechanism of circumscription and a pantograph, 

connected at one end with the point of intersection of the rods). Stereoscopic 

observation of points of aerial-photos is carried out by means of the mobile 

‘No expansion found for this term. [Trans. Ed. note]. 
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sleeves of the optical system, set by hand. With a magnification of 2* the field 

of view equals 9 .nm. The brightness and sharpness of a mark on the edges of 

the fields of the photos drop as compared to that in the central parts; to improve 

the visibility of the mark regulators of illuminance (rheostats) and other means 

are applied. On the instrument it is possible to process only isolated stereopairs 

on paper sized up to 400 « 400 mm, with an increase in the scale of the map up to 

two as opposed to the surveying scale. 

Stereoinstrument of Polvilllers (SOM;1 Prance). The instrument is intended 

for treatment of aerial-photos from orthogonal aerial photography and is among 

the instruments of class I accuracy (Fig. 140). It contains in the lower part 

a coordinate-base system and in the upper part a travelling carriage with the 

aerial-photos; they shift left or right and up or down, which ensures simplicity 

of the optical system. Calculation of the influence of angles is produced by 

correctors. Precision rods connect the base system with the photo carriages and 

Société d'Optique at de Mécanique, Paris. [Tr. Ed. note]. 
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ensure constant intersection of determined points. The Instrument is used for 

treatment of aerial-pnoto with f^ ■ 120 to 130 mm. The map is traced on a table 

located in front cf the observer. 

I ^5. Experimental Designs 

Since the process of intersection in any stereophotogrammetric Instruments 

reduces to shifting of carriages of the aerial-photos or optics and the carriages 

of spatial coordl^iates, the solution of the problem can be attained by different 

methods, with tne use of: 

a) mechanical connections, for instance, toothed transmissions, telescopic 

shafts, precision rods; 

b) electrical drives based on the Wheatstone bridge; 

c) selsyn connections, and 

d) photoelectric and electron coupling. 

The first type of connection has been applied for a long time and at present 

is of basic value in photogrammetrlc-lnstrument-maklng. The other methods as yet 
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are applied during experimental works. Thus, in the Canadian instrument stereomat 

(Hobrow [?] Pig. 1^1), based on the scheme of a double projector, use is made of 

carriages X and Y carrying a television tube with 

the mark in the middle [20]. The motors of carriages 

X and Y transfer the carriage with the tube until 

the beams proceeding from identical points of the 

aerial-photos intersect on the mark. At this instant 

the pencil is switched on and automatic tracing of 

contours begins. As compared to hand tracing it 

doubles the speed of the work and gives good 

accuracy of contours in height. 

However, on aerial-photos with wooded and 

populated areas the contour trace comes out confused and must be deciphered. 

Worthy of attention is the process of automatic orientation of aerial-photos; 

it occurs more clearly than drawing of relief and contours. 

First the X and Y wheels are used to guide the television tube with the mark 

consecutively into each of five zones of the stereopair with clear points, where 

some settings ( <, a, u, b ) act on the process of orientation. 
¿à 

Corresponuing screws are connected with electric motor drives, which 

automatically remove the transverse parallaxes in the given point. 

Another instrument, the "Planitop’' (Fig. 1^2), produced in the released FRO 

for small-scale cartography, is based on the application of a stereoscope with 

marks, mobile photocarriages, and potentiometric devices. They solve the 

relationships which in preceding instruments of the same type were solved by the 

mechanical method [19]. 

The size of the processed aerial-photos is 23 * 23 cm and that of the parallactic 

range is +25 mm. Treatment in various scales is carried out on a pantograph with 

magnification of 0.5-2*. Height values are obtained in meters. Posing of relief 

is attained by direct shift of the carriages by hand. The represented model is 

designed for treatment of single pairs, composed from photo-prints. 

It is necessary to note a stereophotogrammetric instrument of a new form 

(Aeromet, Fig. 1^3), based on the use of photoelectric intersection and selsyn 

transmissions; this instrument falls into the I-II accuracy class. In it all 
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mechanisms are enclosed in a housing; tracing of the map is produced on the 

part of the Instrument. Control of the instrument is by handles located 0I. 

front part of the Instrument housing. 

» 

upper 

the 
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5 46. Projection by Converted Bundles of Projected Rays 

The Idea of using converted bundles was first developed by M. D. Konshin.1 

Aerial-photos obtained by wide-angle objectives with f^ * 70, ..., 50 mm, 

cannot be treated on the stereoplanigraph and other Instruments designed on the 

principle of preservation of the similarity of bundles of projected rays to the 

surveying bundles. Therefore there appears the problem of using affine conversions, 

with which the treatment of super-wide-angle aerial-photos becomes possible. To 

develop the properties of these conversions we will consider certain relationships 

for linear and angular elements of rectified [transformed] bundles. 

Rectified aerial photographs. Pig. 144 depicts intersection of points by 

similar and converted bundles of rays for rectified aerial-photos. Considering 

the corresponding triangles, it is possible to write: 

mM & 
for the left photo, jfr = — for the right, 

and for the case of converted bundles; 

for the left Photo and ^ = ~ for the riSht 

(where P is the focal length of the projectors). 

Comparing the equations, we obtain 

— r 
Fig. 144. 

The ratio of the focal length of the projectors to the focal length of the 

aerial camera is called the coefficient of affinity, i.e., 

(151) 

or the coefficient of change of coordinates Z of points of the model. The latter is 

easy to prove. 

We have 

<*(//,+ 4//,) = +AW,) 

or, designating d(H + AH) through h, we will obtain 

‘M. D. Konshin. Photogrammetric treatment of photographs with converted 
bundles. Tr. TsNIIGAiK, Issue 44, M., Geodezizdat, 1944. 
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where h Is the change of coordinate Z of points of the model. Analogously, 

A#ras:AA/ft. ^52) 

Thus, the projection of rectified aerial-photos with coefficient of affinity 

k causes a change in coordinates Z of points of the model proportional to k. 

Coordinates X and Y of points of the model are not changed, which is clear from 

the relationships: 

scale of rectified aerial-photo, 

scale of image on plan in the presence of similar bundles 

of projected rays (here and below and Hg are magnitudes in the instrument). 

The scale of the plan 1/M0 with converted bundles is 

1 

*r » 
From the ratio of scales of plan we obtain 

‘1. 

i.e., coordinates of points of the plan are not changed. 

Tilted aerial-photos. In the presence of angles of tilt of aerial-photos 

which constitute a stereopair, changes in the heights of points of the model occur 

also in accordance with the dependence h2 " kh^. Angular settings of aerial-photo 

are also changed proportionally to k. 

According to the diagram of projection by converted bundles (Fig. 1^5), it is 

possible to establish that the tilt of the chamber [projector] is not equal to 

the angle of inclination of the aerial-photo in the 

instrument and that the necessity arises to Introduce 

decentering o^ of the aerial-photo. For determination 

of the value of a2 we will compose the equation 

-¿-r F 
f|n finai 

or for small angles (from 0 to 4°) 

TT?* 

(153) 

(15^) 

Fig. 1^5. 
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Thus, new angle of setting of the projector in the plane of the drawing Is 

«*«**«!. (155) 

The magnitude of decentering oo1 of the aerial-photo Is determined by the 

equality 

0kO = 

in which segments c0l and co are taken from the point of zero distortions co 

Therefore 

Placing the value ^ from equation (155) and multiplying the second member 

of the right side by P/P, we will find the value of decentering in the form 

•j®=O'5 “i*)*« (156) 

Nadir point n of the aerial-photo is projected on the screen at point N by 

a beam Inclined at angle «e. We will determine angle ae of the slope of the nadir 

line. Since 

(157) 

then, substituting in it the value of an from equation (68), we will obtain 

(1¾8) 

The image has its conditional center of projection S3> seperated from the 

principal point of the image o by distance f^. 

The distance of point 0 from nadir point N is 

After substitution of the value of from equation (155) we will obtain 

ON** 

Knowing the location of points 0 and n on the aerial-photo, it is possible to 

measure the image corresponding to segment ON and to calculate the value of f, by 

the formula 

, ONk 
/.=-Ç- 
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(159) /,-£/, 

The value of ^ for a rectified aerial-photo can be determined also on the 

basis of measurements of the distance d (on the aerial-photo) and dQ (on the 

rectified image) between points located on a line, 

perpendicular to the principal vertical and passing 

through the point of zero distortions. 

Thus 

whence 

(160) 

Formula (160) permits revealing, when necessary, the 

scale of a rectified aerial-photo with great accuracy. 

Pig. 146. 

Thus, for production of an undistorted model during affine projection of 

slanted air-photos it is necessary (Fig. 146): 

1 - to establish the projectors at on angles a2 ■ kc^, u2 ■ ki^, where a1 and 

are angles of tilt of the aerial-photos at the time of exposure; 

2 - to establish focal length F of the projectors in conformity with the 

coefficient of affinity and the angle of tilt of the aerial camera. 

3 - to decenter the aerial-photo by the magnitudes 

(161) 

(162) 

Here point n of the nadir of the aerial-photo is projected on the screen by a 

slant beam (slopes a and u ). e e 

i 47. Photocartograph 

Fig. 14? depicts the diagram of the photocartograph (author's design) for 

treatment of aerial-photos in conditions of converted bundles of rays. The 

instrument constitutes a unique double projector on which it is possible to trace 

topographic maps and to prepare prints for the composition of a photomap. It is 

possible also to produce phototriangulation on aerial-photos. 
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Plc« 147. 

On o«d th«r# ar« earrlac«! Y and X, shifted by manual wheels. Carriage X 

has a maaalve holãat with base supports bÄ, by^, b^, by^. anO . The projectors 

are attached to the supports. 

Under the projectors there Is a large screen with sites, in the center of which 

marks are plotted} Jjsages of aerial-photos (negatives) are projected onto these 

sites. The screen can be shifted up or down, as a result of which one can determine 

the value of coordinates Z. 

Air-photos are Illuminated by lever condensers located on supports b and b 
yl ,v2 

The lower hinged ends of the levers of the supplementary vertical support are 

located on the same horlson with brands M1 and M2, thanks to which only the 

necessary places on the negatives are Illuminated. For Illumination of the entire 

field of aerial-photos detachable reflectors are used. The projected Images, 

Jointly with the marks, are viewed from above through a fixed binocular system 

located on the front part of the bed. The total magnification of the optical system 

Is %3X. 

With a shift of the projectors by magnitudes X, and Y and of the screen by the 

-205- 



magnitude Z it is possible to observe points of tne model located in any part of the 

stereopair. 

With a shift of carriages X and y there is a simultaneous shift, with the 

help of Cardan transmissions, of the carriage of the coordlnatograph, on which 

there is traced a map in the corresponding scale. 

Each projector contains in its lower part four removable objectives of different 

focal lengths, and in Wie upper part supports of decentering Ax, Ay with cassettes 

revolving on angles/K. With the help of micrometers a cassette can be set according 

to height at th^/value of focal length P. 

In theaiven form the instrument is useful for processing aerial-photos with 

small ansies of tilt; spatial intersection is carried out in it in the same way as in 

stereoplanigraph equipped with attachments for decentering movements of the 

cassettes. 

Por production of an exact map from aerial-photos with converted bundles of 

projected rays it is necessary, according to the investlgaticns of Prof. A. N. 

Lobanov, that the angle of tilt 

where 

_ kHk 
-’’•VT-kw+iH-k) 

is the error in removal of the transverse parallax. 

Por instance, when rn^ ■ 0.02 mm, x ■ 70 mm, and k - 2 the angle aQ should 

be less than 30', which undoubtedly requires exact fulfillment of process of 

making aerial photographs to be utilized for large-scale cartography. Such 

conditions arise also during work on the Zeiss stereometrograph. 

Correctional attachments. For treatment of aerial-photos with large angles 

of tilt there are introduced correctors of space directions, displacing the 

measuring marks in the plane of screen in conformity with the angles of displacement 

of nadir directions from the plumb line. The values of these angles are 

determined by relationship (158) and also by 
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The correctional attachments are attached to the screen of the instrument and 

to the bed. Figure. 148 shows screen 1, on which are located two mutually 

perpendicular supports. The lower support carries 

pusher 2 and the upper, pusher 3 and ring 4 with the 

measuring mark. On fixed stand 5, attached to the column 

of the Instrument, there are located correction bars <*J 

and with micrometers of angles oe and we. During a 

vertical shift of the screen vertical pushers 2 and 

3 displace the ring with mark 4 in two directions, 

by which there is carried out the necessary correction 

of space directions of rays proceeding from 

objective S. An analogous attachment exists for the 

second mark. 

Displacements of the mark in the field of view, 

although small, may cause a visual parallax; it is 

removed by one of the ocular wedges. 

According to the presented theory of intersection for creation of a map it 

is possible to use both the stereoplanlgraph and also other instruments of this 

type, equipped only with supports of decentering of cassettes, if the correction 

Abjj is introduced in the base of the model by the formula 

(165) 

Taking Abx < 0.05 mm, one can find the magnitude of steps h?, within the limits 

of which errors in determination of heights are insignificant. However, in this 

case there remains an error in the position of contours of the map, equal during 

outlining of contours by the left mark to the quantity 

and during their circumscription by the right mark to 

(166) 

The magnitudes of Am and Am' should be less than 0.4 mm - the error of the 

graphic position of the point in the plan. The inconveniences connected with the 

introduction of corrections disappear in the presence of correctional devices. 
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í 48. Stereoprojector SPR-2 (Romanovaklv) 

This instrument is intended for the creation of topographic maps from aerial- 

photo taken by aerial cameras with various focal lengths (55-210 mm). Intersection 

of determined points of the model is produced mechanically. 

On the ]ower part of bed of Instrument there is a plane table and under it 

carriages X, Y, Z (Pig. 149). Supports of base components b and b are installed on 
X z 

vertical carriage (Z). Precision rods revolve around the centers of projection; 

at the lower end they are connected with the Cardan devices of the base components 

and at the upper end with the Cardan devices of the photocarriers. The ratio 

of the distances from the points of centers to the ^irdan Joints of the aerial- 

photos and to the base components is determined by the scale of model, which can be 

varied from 0.5 to 2 as compared to the scale of the aerial-photos. 
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This installation also predetermines the coefficient of affinity of the model. 

A vertical shift of carriage Z gives a section of the model. 

A peculiarity of the instrument is that in it the aerial-photos occupy a 

horizontal position independently of the angles of tilt of the aerial camera during 

the aerial photography. Such location of aerial-photos is attaint through the 

application of correctional mechanisms, automatically displacing the sighting axes 

of the binocular system by the magnitudes of the corrections. The aerial-photos 

must have been decentered beforehand by Ax - ^ tg a. Ay ., ^ fcg w (flrst 

Let us assume that the precision rod (Pig. 150) has obtained a slope around 

point S and Instead of position 1 occupies position 2. Then the carriage of the 

aerial-photo will obtain a shift by the magnitude x0 

and under objective 3' of the viewing system point 

aQ of the aerial photo will be established. 

Correction bar 5 with correction site under the 

influence of movement of the photocassette by the 

magnitude Xq, will obtain a slope on angle 8. 

Due to this, cam [finger] 6, which is Joined 

with the site and was displaced during orientation by 

the magnitude da, will descend by the quantity 

**=<<. -HP', 
which will cause a shift of support 7 by the same magnitude a and win force the 

second bar 8 to tilt at angle 8; therefore 

•«dig* 
Substituting the expression for A, we obtain 

or »*srf.lgPtgp' 

d* rf*-jp ••-jjji. 

Application of values tg ß- requires the Introduction of decentering on 

cassettes of lower parts of the correction bars by magnitudes 4/a=// 

(second setting). 

It is also known that 

•«■y1«. (167) 
therefore ** 

(168) 
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Thus, by setting cam 6 on values da, dw (third setting) it is possible to 

introduce automatically the correction in radial directions on the aerial-photos, 

inasmuch as bars 5 and 8 are inclined in two directions. 

By means of the hinged Joint of bar 8 the objective is displaced exactly by 

the quantity 6 and consequently point a of the aerial-photo is observed. 

The instrument is equipped with counters, rheostats for adjustment of 

illumination of aerial-photos, and switches of directions of movements; Cardan Joints 

are led off from the instrument for connection with a coordinatograph. The 

instrument has snown excellent qualities and high accuracy of determination of 

points in height (1:4000H) and in the ¿lan [2]. 

On the basis of the [SPR-2] (CIIP-2) there has been created the experimental 

instrument [SPS] (CIIC) - a stereoprojector for triangulation on aerial-photos. In 

this instrument there is conducted full automation of settings of dependent 

correction mechanisms, ensuring high speed of orientation of aerial-photos and a 

certain increase in the accuracy of their treatment. 

* Mechanical Intersection Based on Change of Focal Length 

Strict intersection with converted bundles can be realized during mechanical 

projection by applying directly correction of the magnitude of focal length of the 

aerial-photo [6]. A diagram of the solution of the problem is shown in Fig. 151. 

A ray proceeding from point of the terrain through objective of the 

aerial camera gives Images m0 and m1, respectively, on a horizontal aerial-photo 

and on one tilted at angle o^. Let us draw a ray from 

point m0 to a new center of projection, S2, and continue 

it to point M2 located on segment X. Segment X is 

separated from point Sg by distance Hg. 

Drawing through point a line parallel to Sjn, 

we will obtain point mg at the intersection with direction 

m0S2M2' The Plane passing through points c and mg can be 

called the correction plane. It is Inclined at angle 

Og and possesses the ability to convert a tilted aerial- 

photo into a level photo. 

Fig. 151. 

Designating as f^ and F, respectively, the focal 

lengths of the taking and projecting cameras, we will 

write the relationships 
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and 

X 
ïï%' 

whence 

(169) 

Por tilted aerial-photo cm^ we have correction 6 to the position of a point 

determined from the equation 

9 . - 

and for the correctional plane we have 

Here 

àPmM'mp 

H (170) 

According to the diagram, similarity of the model Is retained if each aerial- 

photo of the stereopair is inclined at its angle of tilt a1 and the correction 

plane is displaced by the magnitude 

9=/â«f (171) 

and to inclined at angle Oj. Certain movements can be united. Intersection can 

be produced by the spatial rod MgSgitg, Joined with the correction plane at point 

m2. 

Sighting ray m^mg should be vertical. With tilt of rod M2S2m2 and shift of 

the sighting ray the observed point is determined. 

During observation of points located outside axis xx, rod M2S2m2 is tilted 

and constructs a direction taking into account the slope of the line of the 

aerial-photo. Intersection is carried out without any limitations with respect 

to focal lengths and tilts of the aerial-photos. 

S 50. Stereographs 

On the basis of the theory of mechanical Intersection by converted directions 

presented ln I 49 the author has created a number of stereographs. Pig. 152 
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Pig. 152. 

eno«. th. diagram of th. location of atructural .lom.nts of th. [SD-1] (CJ-l). 

On h.d 1 ar. cam«., 23 and », thlft.d along dlr.«tlon. X and X h, n,.an. of hand 

.h.a. 26 and 2. on earn.,, t la column on „hlch v.rtlc.l carrlag. io mo».,; it 

1. shifted up or do.n 6, mean, of 5, conn.cted to th. foot control (p.d.l), 

Purthermor., on carriage t there ar, al.o differential .upport. 28 and 29 for the 

left aerial-photo and .upport, 18 yS'io for the right photo 19. Photo, 19 and 27, 

located in th. In.trument along axl, ï, are aet at angle, ^ and 

and at .mall angle. ., . are placed In a horizontal position, but «1th the 

introduction of d.c.nt.rlng. The differential .upport, mo.e the aerial- 

photo. in two direction,. To support, 28 «d 18 there are attached support. 32 

and 17 of focal lncrem.nt., carrying corre.pondlngly .pherlo.l .plndle, 30 and 21 

and also Cardan Joints 8 and Hi. 

Spharlcal aplndle. 30 „nd 21 rest on correction plane, 31 and 22, set at angle, 

kV kuj; k.j; kuj. The cardan joint, are connected ,1th th. Intersecting rod,, 

rocking in th. upper Cardan joint. 11 and 15 (c.nt.r. of projection). Th, lower 

part, of th. rod, are joined with spherical .plndle, 6 and 13. .hlrted by the .cr,„ 

Of the base supports 7 (bx), 9 (by); and 12 (bz). 

Since the support of height, with th. base In.tallatlon. 1, located above 

carnage k. having movement x, ï (hand wheel, and .or... 2, 35 and 26. 24), then the 

intersecting rod. will move through th. Cardan joint, of the carriage with aerial- 

photo, In position of Int.r.ectlon, Th. photo, are ob.erved In fixed optical 
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system 33, 3^, located on stands 3 and 16. 

For measurement of heights of points of a terrain model or the setting of a 

section its base system Is shifted up or down. Pole 25 Is connected with a pantograph 

(SD-1), with which the map is traced. 

Stereograph SD1-M [73, [93 and [103 

The main parts of instrument (Fig. 153) are: table on extending legs, bed with 

correction planes, coordinate carriages X and Y base device with height counter, 

Cardan mechanisms, optical system, pantograph (in the most recent model a 

coordlnatograph). 

Coordinate carriages X and Y are assembled on precision ballbearings and are 

shifted by hand wheels within limits of the field of a single stereopair. Two 

speeds of importing are motions are available: 2.5 and 8 mm per turn of the wheels. 

In the right part of carriage X there are located repetition carriages X and Y 

with photocarriers and in left part, the base device. 

Mechanism of correction planes. This mechanism is disposed on a separate plate, 

fixed in the lower part of the bed, and consists of four spindles shifted by balance 

beams (Fig. 15^). Since the arms of the beams are identical in length, the readings 

on the micrometers characterize the magnitude of rise of the spindles. On them 

are located correction planes, consisting from steel base and a glass plate, polished 
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with great accuracy. By means of counterweights the planes are 

always drawn to the spindles. The angles of inclination of the 

planes are determined by the formula 

kumtm îiü . (172) 

5> 5> I 

Pig. 154. 

f-l* Since r ■ 90 mm and ■ *8 mm, then, considering the 

conversion factors (k - 1.3; 1.9; 2.4), we will find it possible 

to ^ncl^ne the plane from 0 to 6°, which corresponds to a change 

of a and w of 0 to 3°. 

Prom the theory of the stereograph it follows that the point 

of rotation must be higher than the point of tangency of the spindle. 

With a lower location of the point errors in the magnitude of F 

appear, in consequency of which the need for its [their] removal arises. Let us 

determine the value of the error AF^. 

In Pig. 155 we can see the location of the correction plane; here I is the 

correct position of the plane and II is its actual position. 

We have 

*a“/*yA* 

Therefore the error in P is equal to 

«»♦•.■sOJAaV/s+r,*). (Í73) 
At rA - 31 mm and angle a • 3° the value of the error can be 0.25 mm. In the 

presence of^tilts of aerial-photos not exceeding Io to 30», the error in F does 

not effect the final result of orientation of the 

photos. With larger values of angles of tilts the 

values P it can be corrected by meant, of the 

corresponding supports if focal lengths. 

Mech-mlsm of the base system. The mechar.'.sm is 

located on carriage X, in its left part, and consists 

of supports and two spindles. It permits Introducing 

the values of bx » b , and b , and also the value h of 
1 #2 z2 

the section of the terradn. Rods carrying out intersection 

-Pig. 155. 

of determined points rest on spherical spindles of the mechanism. A shift of the 
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vertical ^height] carriage, executed by the pedal, is accompanied by rotation of 

the disks of a mechanical counter (Pig. 156). Holder 3 of the counter is located 

on the upperpart of base device 8. On the holder there is a support with a worm 

wheel having 100 teeth. The wheel [together] with disk 4 engages the worm, which 

carries change wheel 2 at the bottom and drum 6 at the top. 

With rotatiòn of the vertical screw (with step of 1 mm) of gears 1 and 2, 

the worm transmission, and disk 4 and drum 6 connected with it are set in motion 

with respect to index marks 5 and 7. 

Let us assume that the scale of heights of the model is equal tp 1/10,000; 

then by selecting gear 2, equal in the number of teeth to gear 1, after one turn 

of the vertical screw we will obtain on drum 6 (divided into 100 parts) a reading 

of 10 m with the value of the least scale division 0.1 m. On disk 4, also divided 

into 100 parts, at this time there will be fixed a displacement of one division. 

Consequently, one full turn of disk 4 will signify a section of the model 

of 1000 m. For the same numbering of disks, but at a model scale of 1:25,000 It is 

necessary to install a gear 2 of a smaller diameter, namely by 2.5 times. For 

cases of other vertical scales of the model gears 2 and 1 must have corresponding 

gear ratios. 

Designating the number of teeth of gears 1 and 2 as a and b, we can write the 
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formula for selection of gears: 

(174) 

where 1/M - 1/10,000 and 1/MB Is the sought scale. 

A peculiarity of the counter Is the presence of smooth feed up to contact of 

Its gear with the pinion gear of the vertical screw. This makes It possible 

to use all possible combinations of gears. With a set of 30 gears the number of 

combinations of scales reaches 700, which ensures the use of any scales of the 

processed aerial-photos. 

Cardan mechanisms. They consist of Cardan joints with two axes of rotation 

and precision rods. The values of the focal length of the height of the section 

are established from one side of the center of projection, as a result of which 

the size of the Instrument is kept small. 

Cardan sleeves each carry six ballbearings. The first and second axes of each 

Cardan joint must Intersect with the axis of the precision rod with an accuracy of 

7-10 u. Therefore for the axes of the Cardan Joints there are provided adjusting 

movements: along the axis Y - movement of the support screws; along the axis X - 

eccentric movements of the ballbearings; ana along the axis Z - shifts of the 

first axis of rotation of the Cardan Joint up or down. Adjustment is executed 

with the help of indicator in conditions of a turn of the Cardan Joints and their 

sleeves by 180 degrees in both the vertical and a slanted 

position of the rods. 

1 

9 Optical system. Figure 157 gives a diagram of the 

optical system of the SDI-M. In the right branch rays 

from aerial-photo 1 pass through prism 2, objective 3, then 

as a parallel bundle to prisms 4, 5, 6, and 7, into objective 

8, and then through trapezoidal prism 9 to the focal field 

with the mark; the image is viewed through eyepiece 10. 

In the left branch rays from photo 12 pass through 

prism 2' of mirror 13, 14, of objective 3', then as a 

parallel bundle into objective 8' and through trapezoidal 

prism 9' into the focal field of eyepiece 10'. The total 

magnification of the optical system *4*. 

Fig. 157. 
The optical is introduced by shifting branch 10-9-8-7. 

By movement of block 3-2 decnetering Ay,, is introduced, 

movement of block 2'-3'-13-l4 introduced decentering 
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Ay^. Fop this purpose micrometers 15 snd 16 are applied. Decenterings Ax^ and AX2 

are Introduced by displacement of the aerial-photos. 

Pantograph. Instrument consists of four hinge-connected arms, cursors on the 

arms, fixed axis of pole, and a bar utilized for smooth change of the scale of the 

map (Pig. 158). 

Attaching one of the cursors In outlined position, move it until needle 1 

Than shift the second cursor until pencil 2 contacts 

the same line; this completes the setting of a 

new scale of drawing. In order to determine the 

scale of the model, the positions of points of 

the model and the plan are superimposed with the 

needle and pencil. Multiplying the obtained plan 

scale of the model by a conversion factor, we 

obtain the vertical scale of the model. Since 

1963 pantographs have been replaced by 

coordlnatographs, designated as SD-2. 

Orientation of aerlal-ohotos and their treatment. For treatment of aerial-photos 

on the instrument, first carry out preparatory works: calculate conversion factors 

k and stack the negatives on the panel with the emulsion down, as In their surveying 

location. The scale of the model Is taken as 1.1 to 1.2 of the scale of the photo 

(setting bx). Then the transverse parallax observed In five standardly located 

points is removed by adjusting movements of the Instrument, according to the diagram 

(Fig. 159). 

contacts line of polar ruler. 

Fig. 159. 
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After removal of transverse parallaxes decenterings of sighting rays are 

Introduced 

(175) 

and also decentering of the aerial-photos: 

**%~h*ii Ax,«/*«* (176) 

Subsequent processes of scaling and turning of the model are based on the use 

of horizontal and vertical points of the plane table and subsequent setting of the 

gears of the counter. 

After final orientation of the aerlal-photofi tracing of the map Is carried out 

Just as on the stereoplanlgraph and on other Instruments. 

Stereograph USD-1 

The Instrument constitutes a development of preceding designs of stereographs. 

In It the theories of correction mechanisms are more strictly carried out and a 

number of Improvements are made. Attachments for calculation of azimuthal distortions 

of aerial photos are Introduced, allowing the use of horizontal location of aerial- 

photos. Installations for decentering Images In the Instrument are connected with 

mechanisms of the correction planes. Settings of all basic components are 

realized. In the optical system there Is applied switching of sighting rays, allowing 

use of the Instrument not only for treatment of Isolated stereopairs but also for 

spatial triangulation on aerial-photos. Tracing of the map Is produced on a 

coordinatograph, located on the table of the Instrument on the right. 

Prom Pig. 160 changes In the theory of converted bearings are evident. Here 

c Is the point of zero distortions of aerial-photos; m^ Is a point on an orthogonal 

aerial-photo; m Is a point on a tilted photo; Is 

Is the projection of point m on the horizontal plane 

mj Is a point of the correction plane located on 

plumb line m^n^, I is an aerial-photo tilted at angle 

(»^(w^) ; and II is a correction plane tilted at angle 

<»2(w2^ * 

With horizontal location of the aerial-photo m will 

appear at point iiiq'. 

Pig. 160. Therefore the sighting ray, directed on point n^, 

must be shifted from the center by the magnitude 
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'6*. 

I a 

For instance, when yn * 80 nun and w ■ 3° the value of 6 % 0.1 mm. 

(177) 

Such displacement of points on the aerial-photo is connected with azimuthal 

distortions of nadir directions in the tilted photo. In fact, from Fig. 161 it is 

clear that 

=nlkt tgA= tg Ap 

whence 

When A, 

^Mastgi^cOS«. 

45° we will obtain 

4| — (178) 

Distortion A y will be considered in the case when we construct displacements 

6 by the ray of sighting in a direction from the center of the aerial-photo. Let 

us note that these displacements do not depend on the sign standing before the 

value of the angle of tilt of the aerial-photos; they, as it were, stretch the image 

forward or back or to the lei’t or the right in the presence of angle a. Let us 

assume that we have simultaneously slopes a and w of the photo. Then the principal 

vertical will pass between axes x and y (Fig. 162). Displacement m^ can be 

expressed, by analogy with (177), by the formula 

A ras 0,5 re,*. (179) 

For small slopes of the aerial-photo the value 

2 
of Oq can be determined from the equation 

Correction Ar can be expanded along axes x 

and y: 

Agí» Arcos w; 
fissAriln K, 

where angle k of the position of the principal vertical can be determined by the 

formula 

* a 

or from relationship of segments kw, ka of the correction micrometers. 

By means of stencils, on which the main verticals of aerial photographs are 

plotted and perpendiculars are dropped to them from points, one can determine 
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value of r and then calculate the corrections Apj and qA [sic]. 

If angles of tilt a and u are larger than lo30' corrections Ap^ and [sic] 

will exceed 0.01 mm [7] and then they must be introduced by the decentering screws. 

It is possible to install a special correction device (Pig. 163), so which will 

solve the problem of the introduction of corrections 

automatically. 

To sleeve of the upper Cardan Joint there is 

fa tened a parallelogram for actuating small site 1. 

Its slopes are obtained as equal to the slopes of the 

precision rod. A bearing with axis and mutually 

perpendicular levers 2 and 3 is attached to 

decentering carriage 8. The end of bar 2, displaced by 

the magnitudes 

A*-/»« 
and 

*>=/»•. 

will be shifted by the action of the site by the raagnituues: 

=A * ¿ ä A * = .&j¿L «, 

or — in the direction of the main vertical — by 

where k is a conversion factor. Bar 3 will „hlft support ¿I, and the latter through 

bar 5 wixl turn around axis 7 a special glass plate, through which luminescent 

mark 6 is projected. Cardan system 7-5 can be aligned in azimuth, with which axis 

7 of bar 5 will be disposed perpendicular to the main vertical. As a result there 

will occur displacement of the image of the mark as a function of the slope of the 

plate and its thickness. 

It is known that 

or for small angles (from 0 to 6°) 

Sil Í 
lÃõT~n 



where n £ 1.51 and Is the Index of refraction of the glass. Displacëment of a ray 

passing through the slanted plate Is equal to 

8 tu (mi — mi*) cosi *m(t — f) 

or 

where 1 is In radians. At a plate thickness of m ■ 3 mm the value Is imm *1. 

Thus, In the presence of equal to the length of bars 2, 3, and 5, the magnitude 

of correction 

(180) 

is considered by the special attachment. 

Por transition to a new focal length the plate of thickness m is replaced by a 

plate with a different thickness. 

Structure of the instrument. Figures 16¾ and 165 show diagrams of the 

instrument. On bed 1 are located base carriages X and Y of the instrument, i.e., 

5 and 6. In the left part of carriage X there is located base device 28, and In 

the right part, pencil mechanism 43 or coordinatograph manual controls 38, h2 

connected to it. 

ft * 0ftf ftft'ft'i» a u uts m a 

i i f t 3 S t t 
Pig. 164. 
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In the middle part of the carriage X are differential carriages x and y (8 and 

9), and on them - photocarriers 12 with the aerial-photos. Besides a photocarrier 

upper differential carriage Y carries vertical carriage 10 (and also 29) of focal 

changes. The carriage is equipped with Cardan 18 connected to precision rod 16. 

The position of the Cardan Joint in terms of height is determined by the position 

of the spindle of the carriage on the correction plane. 

The figure also shows front plane 3( set in a slanted position by a micrometer 

connected with support 4. 

The pole of the plane, in the form of a spindle with a ball on the end, can 

be Inclined both in the plane of drawing (on angle km) and also perpendicular to 

it (on angle ka), for which the corresponding micrometers 39, 40 are applied. Here 

similar micrometers can be connected by satellite gear 41 for Joint turning of the 

planes, which becomes necessary during turning of the model. During the tilting of 

the planes there occurs a certain lowering of them, namely by the magnitude Hsln»i^0, 

with which the planes pass through the points of zero distortions of the aerial- 

photos. 

Pig. 166 shows the arrangement of the correction plane in section. The 

length of the shank is determined by comparison of correction dP according to 

formula (173) and the magnitude of drop dF of the plane. Table 27 gives data on the 
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Fig. 166. 

setting of planes. 

Thus, the error AF of setting of the planes with maximum 

tilts of the aerial-photos is within acceptable limits. 

Pusher 2 (see Fig. I6H), which by means of the supports sets 

the slope of the plane by the formula h' • roka (als0 m 

* Tgltw) extends beyond the limits of the instrument, where 

through balance beam 11 It adjusts carriage 13 (with prism 17, 

luminescent mark 1^, and objective 19 by a magnitude equal in 

this case to 

AJ «A* 
The ratio of the arms of the beam should be equal to 

(181) 

The base device with components of settings b„29, b„30, and b_31 can be 
X y z 

shifted by the magnitudes X, Y, and Z. Thanks to this precision rod 16, joined at 

the bottom with the Cardan joint of the base device, shifts Cardan joint 18 with 

photocarrier 12 by magnitudes x and y. The photocarrier has a detachable cassette, 

adjusted in the process of orientation at angle k. 

Table 27 

/» 
MM 

*«. 

ft •• "Wieor 
MM 

^Pract. 
MM 

ftF. 
MM, 

Note 
S MM 

In 
radial 
measure 

M n m 
140 
;oo 

6.6 
7.5 
s,a 
2.1 
1.5 

!• 
6 
4*12' 
2 
1 3 

2.3 
2.0 
1.4 
1.0 
0.7 

2* 
3 3 
2 
IW 

O.IS 
0.34 
0.25 
0,04 
0,02 

0,18 
0,34 
0.20 
0,04 
0.02 

+0.00 
+0.02 
-0,05 
-0,05 

0,00 

Fa= 140 MM 
/» 75 . 
n s ¿0 . 

Thus, by rotating hand wheels 38, 7, and 42 and observing the aerial-photos 

through fixed binocular 26, it is possible to measure the height of points 

sterecscopically and to trace contours on the table of the instrument. 

Let us consider the diagram of the optical part of the instrument (Fig. 167). 

Here the right branch is represented with block of two prisms 25 raised up, optical 

elements 14, 15, 17, 19, 24. Left branch has elements 14, 15, 20, 21, 22, 23, 35, 

34. 

The block of two prisms (25) when lowered changes the direction of rays. 
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which is required during the treatment of aerial-photos 

by the method of continuation. Correspondingly the base 

components bx are set both as positive and negative 

direction. 

When balance beam 11 is rocked by carriage 13 

decentering Ay is established, and during rocking of 

balance beam 32 through angle [corner] 33 decentering Ax 

of branch 14, 17, and 19 is set. Between objectives 

19-24 there is parallel movement of fays. 

The carriage of the second branch are arranged 

analogously; the output rays of this branch are on common 

line Y with first branch. 

During settings of carriages of decenterings Ax, Ay 

there is also a shift of the bars of the mechanism for 

azimuthal corrections of Ax and Ay (36, 37). By means of 

parallelograms of upper Cardan Joints plane rear [sites] 

tilted during work actuate (through bars) plane-parallel 

plates 15 and 15', located ahead of optical blocks 17 and 20. Thanks to this the 

images of the sighting marks are displaced with respect to the aerial-photos. 

Coordinatograph. Its composition includes carriages X' and Y', a pencil 

mechanism with a solenoid, and two reductors for changing the coefficients of 

magnification n of the model. Figure 168 shows the diagram of a coordlnatograph. 

Let us assume that the scale of plan is equal to 

ST “Iff’ ^l82) 
where 1/Mr is the scale of the model. 

Let us select gears c and d at which 

Coincidence of points of the model and the plan is attained by changing the 

base bx of the model. 

For vertical scale of the model we have the relationship 

I à 
‘ 
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Since at the value the geara cannot be used to set the scale 1/MB, the spindles 

sliding along the correction planes are given vertical shifts within limits up to 

*5 nun. Calculating the value of 1/MB by the formula, 

we will find on special tables the nearest scale 1/MB, 

and the pair of gears a and fc corresponding to it, 

which gives 

Jir . ( 183) 
I “r 

, Prom this it is possible to determine the new 

value 

which is set in the instrument. 

After that full coordination of the plane and 

vertical scales of-the model.it'obtained. 

(184) 

Checks and Adjustments of the Instrument 

The stereograph [USD-1 ^-1) (pig. 169) consists of a number of units and 

attachments mounted on common bed. Each of the units is adjusted after assembly in 

aooordanoe with technical requirements for accordance with technical requlllments for' 

accuracy of operation and on smoothness of movements of the component elements. 
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The Instrument Is Installed In a '.ocaclon with a strong foundation on cement 

footings. 

The left V-shaped rail bed is considered a base and is set in a horizontal 

position with a level with 10-second accuracy. Then the rails of carriages X, x, 

y, and P are set also in horizontal and mutually perpendicular position; great 

sensitivity and accuracy in movements of the carriages is achieved. 

The base device is assembled separately and on the control plate carriages 

bx, by and bz are set in a mutually perpendicular position by means of squares 

and indicators, under the condition that the base guide Z is fixed in a vertical 

position with the help of a level on the square. Correction mechanisms contain glass 

plates with tangs (t * 75 mm) for realization of tilt by means of the tilt support. 

Supports x, y are set in a mutually perpendicular position by means of squares and 

an indicator; equality of lengths of tangs, which is necessary for further turning 

of the model be equal Increments kw or ka is established on the basis of calculations. 

Pig. 170 represents plane 1 inclined by kw (approximately 5 degrees). After 

the indicator attached to carriage y of the instrument is shifted by segment b 

of the instrument is shifteu by segment b (on the order of 

* 1*40 mm), it becomes necessary to place a measuring plate with 

thickness a under the measuring rod of indicator 2; segment a 

is measured by the Indicator. After this we will obtain the 

equation 
t 

K 
Pig. 170. 

whence 

báñkm—umevBnkm. (185) 

Selecting from tables the best value of kw, we will find the length of the 

tang by the formula 

w_ 
(186) 

where yu is the difference of the readings of kw indications of the micrometer. 

The length of the tang of the second correction plane is determined analogously. 

Then the length of one of the tangs is fitted to the length of the other. The 

arms of the T-shaped pushers of the correction planes are made equal. 

The given investigation makes possible the simultaneous obtaining of bcale 
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division values of micrometers kc^, ka2, ku^, and ku2. 

The Cardans of the instrument are investigated for intersection of their axes 

X, Y at the point through which the axis of the precision rod passes. This check 

is conducted on a special Cardan Joint holder by means of an indicator during 

turning of Cardan Joints and sleeves by l8o degrees. 

Cassette glasses are adjusted under the microscope for centering of the position 

of the central small cross located the intersection of the coordinate marks, above 

the axis of rotation of the corresponding photocarriers. 

The binocular system with the mechanisms of the carriages is adjusted on a 

separate support. In the vertical position the balance beam of decentering Ax 

and Ay of the outlets visual axes have to be coordinated with the data of the drawing. 

Balance beams of decentering must work in accordance with formula (186); it is 

necessary to align the arms of the balance beam in such a way that the Introduction 

of decenterings for identical values of ka;L and ka2, and also ku^ and ku>2 will 

also be identical. 

After complete assembly of the instrument it is necessary to carry out a check 

by the indicator of the accuracy of operation of the nut of the vertical screw of 

carriage Z by means of direct and reverse matching with screw z on the same 

reading of the height drum; the permissible deviation should not be greater than 

0.010 mm; check of allowances Ap by means of the indicator attached to the carriage 

Y2 and resting in carriage Y: during matching in height by hand wheel Z downward 

from above and vice versa on the same reading cn the height drum; the permissible 

magnitude Ap ¿ 0.015 mm. 

The working checks of the instrument are outlined below: 

setting of bars in the vertical position by means of up or down shift of 

carriage Z and observation in the binocular of the central part of the grid located 

in the cassette, which gives the value of the zero points of X. Y. b b b 

b . yl’ y2' X1 

V 
finding the values and H2 ■ P2 by means of the indicator attached to 

carriage X of the instrument. By solving the equation 

in which ^ and i2 are segments of grid and AZ is the difference of readings 

of the position of carriage Z in height (on the order of 60 mm), one can find the 
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value of F and the zero point of Z with an accuracy of a hundredth of a millimeter. 

This operation makes It possible to establish the zero points of b and b 
Z1 z2 ' 

The overall check of the instrument Is done on a grid model, by means of 

observation in IO-I5 grid points of heights at zero settings of the cassettes, 

correction planes, and base components [2] and [10]. 

The expected accuracy of the model in height should be within limits of 

1/12,000 H to 1/15,000 H. 

Orientation of aerial photos on instrument differs in the fact that thanks to 

simultaneous setting of the values ka and kw and decenterings Ax and Ay the 

transverse parallax in 4 point is removed by the same method as during work on the 

stereoplanigraph, when account is taken of the coefficient of orientation 

In other respects the process of treatment of aerial-photos is identical to that 

in methods presented earlier. 
■ * 

Data on the instrument USD-1 are given in Table 28. 

Table 28 

Elements of the instrument Numerical data 

Sise of aerial-p otos, mm 
Focal lengths, mm 
Nignification of optics, x 
Focal length of instrument, mm 
Angles of tilt inclination of aerial. 

photos •,» in degrees 
Angles of tlltA«, Jtedegreea 
Settings of bx. 'em 
Settings of by, 
Settings of *, in degrees 
Coordinates E, Y, mm 

Coorainates ¿, mm 

Fhgnification of coordinatograph, x 
Dimensions of working part of table, me 

mxiso 
as. . .300 
4,5 a/¡d 5,6 
mo ^ a 

^ a 
± a 
* 100 
a 12 
* 10 
± 180 

138-.338 
0,8-3 
7MXM4 

5 51. Universal Instruments with Photocopying Devices 

During the creation of maps on universal stereophotogrammetrlc instruments, 

after tracing of contours there is executed the process of transferring details 

of the terrain from the aerial-photos to the plane table. When the quantity of 

contours is large the use of instrument is not always rational. Therefore 

recently Inserts (patches) of photorectifled complicated zones have been used. 
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However, the presence of relief complicated this process of creation of a map. 

Hence there appears a requirement to obtain for this purpose a photomap only 

in orthogonal projection, making it possible to trace contours directly on it. 

The problem of the creation of an orthogonal photomap is solved by many methods, 

of which we will note: 

a) rectification of aerial-photos in terms of vertical [height] zones (2-7) 

on photorectifiers; 

b) optical rectification of 3-8 zones on a common sheet of photographic paper; 

c) survey rectification by means of the creation of a spatial model on a survey 

photorectifier and photographing it on a common sheet of photographic paper; 

d) slot rectification executed on the multiplex (United States); 

e) slot projection by means of an aggregate consisting of a projector with 

fn - 200 mm and a 3-section multiplex (USSR); the aggregate was designed by Ye. I. 

Kalantarov in 1958; 

f) slot projection by a stereoprojector (0. V. Romanovskiy) with a 

photoattachment containing a slot device (196I). 

Instruments of the last two types possess the property that orthogonal 

photocopying is executed on the basis of mutual orientation of aerial-photos during 

their stereoscopic observation, that ensures high accuracy of rectification of the 

image. 

The photostereograph PSD (author's design) described below constitutes a 

special instrument, consisting of a stereograph and a slot photocopying device. 

Intersection by converted rays is based on a change in the focal length of 

photocarriers, Just as in the stereograph. Points of intersection and Joints of 

the precision rods with the Cardans of the photocarriers are located on different 

sides of the centers of rotation of the rods. 

In this case the possibility of inclining the plane around a point located 

higher than the plane at distance which extends focal length F in accordance 

with requirements of the theory of intersection. Prom Pig. 151 (see above) it is 

clear that 

whence the lengthening of focal length is 
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or 

(188) 

Actual lengthening of focal length Is 

Therefore 

(189) 

At t ^ 50 mm, o ■ 3°, f. ■ 70. 100 mm and P ■ 135 mm the value AF <_ 

< 0.08 mm. The mechanism of tilting of planes obtained with this solution Is very 

simple. 

In Pig. 171 shows a front view of the Instrument. On three stands there Is 

upper level 1 with centers of rotation of precision rods and mobile photocarriers 

with aerial-photos, established at angles and decenterings Ax, Ay. nn 

the right on the plate there is a mechanical height counter. Screen 3 of the 

instrument is shifted in the vertical direction by means of a foot control and trans¬ 

missions. On the screen is located coordinatograph 6 with carriages X and Y and 

base installations b„ , b . bv , b , b , and b . To carriage X (upper) there 
X1 x2 yl y2 Z1 2 

is connected plane table 2, and to the screen, pencil [-tvlus?] device K on console 4. 

On the left detachable photocassette 5 can be connected . ca '• X. Above it 

on console 7 there is located slot m for photocopying. 

p^g, 172 (side view) shows the location of precision rods with focal carriage 

20 and correction planes 9, »et at angles ka, kw for the purpose of ensuring the 

changes required by theory at the time ofintersection of focal lengths of the 

photocarriers of the instrument. The aerial-photos are placed in the cassettes 

of the instrument with the emulsion down, as in the stereographs SD-1 and USD-1. 

With displacement of the aerial photos and the plane table by the precision rod 

on opposite sides there is attained: 

a) the possibility of stereoscopic observation of points of the aerial-photo, 

b) possibility photocopying the photos during a movement of the photocassette 

under the motionless slot. 

Observation and photocopying. Por observation and photocopying it is necessary 
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Fig. 172. 

-23I- 



to Illuminate an aerial-photo both from below and from abo»e. Obaer.atlon la 

produced through eyepiece 10, a prlam. and objective n. Then the raya, a. a parallel 

bundle, enter objective 12 and through aemlallv.red cub. 13 and the pria, the, 

reach the aerial-photo, lumlneacent mar* It 1. auperlmpoaed on the Image field of the 

Photo, which la Illuminated by lamp 18 through fro.ted gl,„. Slmultaneoualy lamp 

15, through email objective 16 and mirror 17, lllu.ln.tee the obeerved part of the 

negative (elide, from above. The light then entere objective 9. separated from the 

Illuminated place by a distance eou.l to the f of the objective (In this case 

f ■ 135 mm) and then reaches mirror 19. .„other beam, proceeding through the same 

point of the photograph, reaches a photocell for adjustment of Illuminance of the 

image. 

Projection of the Image of the aerial-photo Is produced by objective 8 of 

variable focal length through the slot onto photographic paper located In the 

photocassette. 

Focusing of the Image 1, carried out by templet 22 and a system of rods and 

pushers acting on the positive lens of the objective with variable focal length 

The right branch of the optical system of the instrument has an analogous 

arrangement with projecting objective 9 and condenser Illuminator, allowing the 

Obtaining on the plan, table of the Image of the right aerial-photo for marking 

certain of it. points whenever the operator wishes, figure 173 shows an 

experimental model of the instrument without a tent. 

Before the beginning of operations, a b... with control points 1. fastened on 

the plane table¡ It 1. used to carry out normal stereophoto gr.mm.trlc and geodesic 

orientation of the model with the Introduction of d.c.nt.rlng of aerial-photos and 

tilts of the correction planes at angles k« and ku,. 

Then the electric motor system 1, ..itched on; It shift, the photocas.ette 

forward and back at a definite speed, each time shifting it along the axis x by 

a magnitude of 2.5-7-5 mm. 

During movement of the photoc.s.ett, operator looks In the binocular and, using 

the vertical bond wheel, hold, the mark on the surface of the model. 

After termination of scanning the photocaa.ette la transferred to the photol.b 

for development of the photographs and drying. The obtained orthophotographs can 

be attached to the plane table of the Instrument, and tracing of contour, directly 
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Pig. 173. 

on It can be undertaken. Other forma of work are possible on the instrument. The 

treatment of aerial-photos and other photoscanning can be carried out by the method 

of continuation. A NI10A1K1 electrocoordinatograph is attached to the instrument 

located on a table to the right of the operator. Transmission of movements from 

carriages X and Y of the photostereograph to carriages X' and Y* of the 

electrocoordinatograph is based on use of synchronously working selsyn motors, 

connected in pairs by electric drives. Changes in the scale of the traced map are 

attained by means of the reductors of the instrument. 

# 

Moscow Institute of Engineers of Geodesy, Aerial-Photography, and Cartography. 
[Trans. Ed. note]. 
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CHAPTER VIII 

TERESTRIAL STEREOPHOTOORAMMETRIC SURVEY AND ITS APPLICATION 

1 52. Purpose and Principles of Terrestrial 
[groundj Stereophotogrammetrlc Survey 

Terrestrial [ground] stereophotogrammetrlc survey Is used for the creation of 

maps of small sections of terrain, plans of hydrotechnlcal and architectural 

constructions, during the Investigation of defcrmatlon of buildings, bridges, and 

railroad ways [12], during the determination of the volume of worked-out mines, 

and so on. Most frequently this form of survey Is used for the creation of maps 

on scales of 1:5000-1:2000 under conditions of full visibility of the object and 

Its sufficient Illumination. Also the application of ground stereophotogrammetrlc 

surveying as a method of horizontal and vertical thickening In mountain regions Is 

known. 

Field works are carried out with phototheodolites, representing precise came.-’ 

with attachments for setting the elements of external orientation. 

The main beam of phototheodolite, also called the principal axis of photography, 

is set most frequently In horizontal plane. 

Photography is produced from the two ends of a base; the phototheodollte is 

arranged in a determined position with respect to the base. The theodolite, part 

of a set of equipment, Is used to measure the bearing from one end of the base to 

geodesic points and the second end of the base, and also determined the length of 

the bas^ according to a horizontal stadia rod. 

The widest use Is made of stereophotogrammetrlc surveying with the principal 
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axes of the phototheodoiite perpendicularly and evenly deflected with respect to the 

base. 

Neasurenents on the photographs are produced on stereocomparatrrs, stereo- 

planlgraphs, or stereoautographs« making it possible to construct the plan and 

profile of terrain along chosen directions. Processing of photos Is based on tying 

of coordinates of points of the terrain and the photograph. 

Formulas for tying of coordinates of points of the terrain and the photograph 

constitute particular cases of the formulas of aerlal-photogrammetry. The only 

distinction Is In the fact that the axis Z of aerial>photography corresponds the 

axis Y of ground stereophotography. 

I 53. Tying of Coordinates of Points of Terrain and Photograph 

Principal axes of the phototheodoiite located perpendicularly to the base. 

Figure 174 depicts a diagram of surveying at which the principal axes are horizontal 

and are perpendicular to the projection of the base. Terrain 

point M was deputed on positives In corresponding points. 

By tracing the irectlon || S2M, we will obtain 

It follows from this that 

Analogously, for déterminâtIom of third coordinates we have 

The quantity x^ - X2 * p la called the horizontal parallax. With the given 

equations one can determine all three spatial coordinates of a determined point by 

the formulas: 

(190) 

(191) 

(192) 
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Prom formula (190) It follows that identical parallax characterized the position 

of a plane parallel to base S^. If one of stations, for Instance S2, is located 

at a different height, coordinates z1 and z2 of a certain point will not be equal 

on both photographs. The quantity q * - z2 is called the vertical parallax. For 

Its determination we will write two equations: 

and 

where e is the angle of inclination of the base, and B tg e is the elevation of 

the second end of the base above the first. Solving the equation, we obtain 

or 

U93) 

In this case the vertical parallax does not affect the value of the determined 

coordinates. 

Evenly deflected^axes of the phototheodolite. Axis ï is also in the plan# 

containing the bearing of the principal axis of the phototheodolite for the left 

photograph. Por derivation of formulas for tying coordinates of points of terrain 

and photographs we‘ will draw through point perpendicular to axis Y (Pig. 175) 

and also line parallel to line SgM. Placing photograph p2 

in position Pg» referred to center S^, we will obtain an 

arrangement analogous to that shown in Pig. 171*. Therefore 

Pig. 175- 

relationship 

is valid,- whence 

where 

ÄY 5,5. 

Thus,, the value of coordinate1'bp dPtprbiined' by-the formula 

(19*0 

where 
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P*e*l-*% (195) 

Is the measured horizontal1'parallax. 

With deflection of principal axes of phototheodolite clockwise to the right 

the equation will take the form 

7« ?-*«•*»*>• (196) 

With the use of formula (194) or (196) the quantity x2 is calculated 

preliminarily by formula (195). Coordinates X and Z of point M are determined 

through elements of left photograph; therefore the corresponding formulas have the 

form (according to formulas (191)-(192): 

*4 
(197) 

In this case the. vertical parallax has a complicated expression,, although as 

before it does not affect coordinates X, Y, and Z. 

Convergent and divergent location of principal axes. With convergence 

(convergent) or divergence (divergent) of the principal axes (Fig. 176) of the 

phototheodolite at the time of photographing the 

formulas for tying of coordinates take the form 

where' 
Ÿm Æ(/*COIf + JP,«te fX 

Fig. 176. 
(198) 

Coordinates X and Z of point M are determined bÿ formulas (191) and (192). 

These forms of surveying are rarely applied. 

Using the formulas for tying of coordinates, it is possible to study the 

character of distortions of the stereomodel for different oases of location of 

the principal axis of the phototheodqlite. ^11 

Analysis of the formula for determination of Y‘shows that with perpendicularly 

located principal axes the value of Y does not depend on and z1; therefore 

equation (190) determines the plane parallel to the base and separated from it by 

distance Y, Consequently, the lines of equal parallaxes are straight lines, 

parallel to the base. 
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With evenly deflected axes the value of Y Is determined by equation (19*0 of 

paraboloid surfaces passing through the ends of the base (Pig. 177). With divergent 

location of axes hyperboloid surfaces correspond to equation Y, and with convergent 

location of axes, ellipsoid surfaces. When p = 0 the surface turns into a cylinder 

passing through the ends of the base. 

Circ.! 

I 5I4, Means for Ground Photography 

1. Phototheodolite 

For ground photography, determination of bases, and tying of surveying stations 

to the geodesic net use is made of phototheodolites, i.e., instruments made up of , 

cameras and theodolites of thirty-second accuracy. 

There exist phototheodolites in which the camera and theodolite are separate 

but have identical fittings for their Installation in turn on the same support. 

Theodolites applied for the creation of maps must have: 

1 - a camera with exact reference frame and with marks determining the 

position of the principal point of the photograph; 2 - a pattern for fixation of 

the form of the survey, the number of the photograph, and the value of camera focal 

length with an accuracy of 0.01 mm; 3 - an objective ensuring exact image (distortion 

of image must not exceed 0.01 mm); A - an orienting attachment for installation of 

the camera in the required position with respect to the base with an accuracy of 

20". 

The phototheodolites [SZ/V, TAL] (C3/B, ,AJI) and 19/1318 of the plant "Geodesy" 

are used. The phototheodolite TAL is applied in field conditions; the dimensions of 

its reference frame are 65 * 90 mm. The cassette part is adapted also for survey on 

film. The focal length of the camera is 55 mm; the relative aperture of the 
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objective is 1:6.6 to 21.5. The magnification of the geodesic telescope is 12xj 

the limbs ensure accuracy of measured angles of up to 1'. 

There are also phototheodolites on a rod with a base of 1 m for photographing 

formations, open pits, etc. Por surveys of ocean shores of seas ship phototheodolites 

are used; they are fastened pedestals in the bow and stern parts of the vessel and 

have electrical synchronous shutters. 

The most exact Is the phototheodolite 19/1318 (Pig. 178), constituting a 

modified SZ/V phototheodolite. 

Phototheodolite 19/1318. The set of the phototheodolite Includes Camera, 

theodolite with tangential screw, three tripods, three holders [?], a base rod, 

sighting marks, 48 one-way cassettes, 13 * 18 cm, in 

two boxes, an umbrella, a field bag, and a positioning 

attachment. 

The camera is made of an aluminum alloy. In the 

lower part there is a hoxlow axis for Joining with the 

holder, which has a micrometer shift which makes it 

possible to turn the camera at various angles with 

respect to the base. In the front part of the camera 

body there is a support with an Ortoprotar objective 

(f ■ 190 mm; rel. ap. 1:24). The angle of the field 

of view of the objective in the horizontal plane is 

45° and that in the vertical is up to 57° with the 

objective in the extreme position. The objective gives 

a very exact image, the distortion of which does not 

exceed 0.01 mm. 

The support of the surveying objective carries 

inside the camera: mirror, index and small objective (with f ■ 4o mm). The index, 

having the form of an acute triangle, is illuminated by reflectad natural light of 

the sky and at the time of exposure is projected onto the left edge of the 

photograph. The image of the index on the photograph determines the position of 

the main horizontal of the photograph. 

In the rear part of the body there is a reference frame in the form of an 

outcropping rectangular part; in it there are set two marks which determine the 

Pig. 178. 
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position of the main vertical and are depicted on the negatives. On photographic 

plate there are also printed a number of stations from 1 to 99, for which two drums 

with numbers are used. 

To the left of the reference frame there is a drum for printing the codes of 

the forms of survey (A and B - left and right station of normal survey; AL and BL - 

left and right station for principal camera axes deflected to the left and AR 

and BR ~ for axes (deflected to the right). 

In the upper part of the camera there is an orienting device (Fig. 179) with 

the help of which the camera is set in the required position with respect to the 

base. The orienting device consists of visual and adjusting 

telescopes, joined together, and also of glass limb 1 with 

divisions set immovably at the bottom of the attachment. Above 

the limb housing 2 rotates; it has sighting and adjusting 

telescopes 8 and 9, Joined together, and also a series of prisms. 

Telescope 8 20X magnification and contains an eyepiece, crosshairs 

with a bisector, focusing lens, prism 5, objective 6, and inclined 

prism 7. 

The ocular part of the telescope contains a complex prism 

consisting of a rhomb, a trapezoidal component, and a small cube, 

intended for uniting strokes displaced by 180°. Further the rays go through objective 

10, prism 4, and rhombic prisms 3. Since prism 4 is displaced from the center of 

the limb, the entire telescope 9 is displaced to the side from telescope 8. 

During orientation of the phototheodolite telescope 9 is set in such a manner 

that the reading on limb 1 will be equal to 0 and 180° or 30° and 210°, and is then 

locked; the camera is then turned around the vertical axis until the bisector of 

telescope 8 coincides with the image of the sighting mark or the range rod fixed on 

the opposite end of the base. 

To facilitate setting of the optical axis of the camera in a symmetrical 

position with respect to perpendiculars to the line of the base, indices A, B, AL, 

AR, BL, BR. are marked on upper part of the camera. 

Theodolite with tangential screw. This theodolite is intended for tying the 

ends of the base to geodesic points according to method of resection and for 

extending the theodolite traverse. It differs from the usual theodolite in the 
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fact that It is easily removed from the support of the tripod and attached to that 

of the camera; therefore the vertical axis of the theodolite is automatically 

established on the place of the vertical axis the camera telescope. The theodolite 

has reiterative [?] horizontal and vertical limbs, separated by 360°. With the help 

of scale microscopes, whose magnification is 36*, corresponding angles are read off 

with an accuracy of 30". The magnification of the theodolite telescope is 30*; 

sharpness of the image is attained by movement of theinternal lens, and sharpness 

of the grid of lines by shifting the eyepiece. Range marks make it possible to 

determine from the rod the length of the base under, the condition of perpendicularity 

to it of the average [middle] beam of sighting, by the formula 

»«{»I + 100m, (199) 

where m is the difference of readings along the rod. 

Furthermore, the range finder is used during laying of theodolite traverses; 

during measurement of bases the tangential screw of the theodolite is used, and 

gives high accuracy. 

Essentially the tangential screw is a micrometer screw for turning the telescope 

along the horizon within limits of *3°. 

To determine the length of the base set the theodolite on one end and the 

range rod on the other; the rod, 1 m in length is set horizontally and perpendicular 

to the base. The telescope of the theodolite is matched to the middle of the rarge 

rod and the tangential screw is set in the middle position (reading 10.00); with this 

its axis is perpendicular to the rod. Then the tangential screw is used to match 
« 

consecutively the intersection of the lines the telescope to the left and right 

mark of the rod (Fig. l80) and [they are] read off on the drum of the screw. 

Independently of the difference i» elevation between the 

ends of the base, the difference n of readings permits 

determining the projection of base B to the horizontal 

plane. Let us determine the base as a function of readinas 

on the drum of the screw. The step of the screw is 

Fig. 180, usually equal to 0.5 mm and the drum of the screw has 

■ 100 divisions; consequently the linear shift of the screw during its rotation is 

equal to 1/200 mm per division. The magnitude of the radius k is established as 

equal to 100 mm or. In divisions of the drum, k - 20, 000t. According to Fig. 180, 

..: ' 
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with n divisions 

» t 
SbOOÓ at * 

whence the value of the base 

tmJLm»Se.L (soo 

This expression Is a working formula for determination of the projection of 

the base to the horizontal plane. The value of coefficient kl Is verified on a 

20-30 m segment of the terrain, thoroughly measured with a tape. 

2. Tripods with Supports 

Tripods consist of six legs of round section, Joined In pairs and fixed Into 

metallic parts. The support of the tripod, having three base screws, services in 

turn the camera, the theodolite, and the range rod; It has locking attachments, 

which when fastened ensure complete immobility of the instrument. On the support 

there is a small round 5-minute level and lifting screws for bringing the photo¬ 

theodolite or range rod to the horizontal position. 

3. Range Rod 

Range rod 1-3 m in length is applied as horizontal rod. It consists of a 

middle metallic part with a.threaded channel and two wooden tubes 90 mm in diameter 

with metallic tips. Inside the tubes there are rods of steel, with having small 

temperature coefficient of expansion. When the tubes are screwed in the rods touch 

the precision flanges of the middle part. With such a device constancy of the length 

of the range rod is ensured. The middle part of the rod there is attached a 

telescopic sight with crosshairs in the focal plane, rotating in the vertical 

plane and perpendicular to the axis of the rod. A telescope with a focal length 

of approximately 60 mm serves for setting the rod perpendicularly to the middle 

beam of sight of the theodolite. 

i 55. Checks of Phototheodolites 

Checks are made before beginning of work and during operations. Some checks 

require appropriate attachments. 

The objective of the camera should give sharp images, since measurements on the 

negatives are produced with an accuracy of 0.02 mm. On the edges of field at an 

angle of 25° it should have a resolving power of 70-80 llnes/mm. During investigation 
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of the objective on optical benches elements of Internal orientation and distortion 

of Image are also determined. 

The vertical axis of rotation of the phototheodolite should be vertical. The 

check is produced according to the level of the Instrument during a turn around 

the vertical axis by 180° and it is corrected by screws of the level and the 

instrument'with an accuracy of 20". The plane of the reference frame of the camera 

should be parallel to the vertical axis of rotation of the camera. The observance 

of this condition is checked by photographing two plumb lines 7-8 m in length at 

a distance from the instrument of approximately in 20 m; the distance between the 

plumb lines is 10-15 m. After development of the negatives the distance between 

the images of the plumb lines is measured on the stereooomparator. The images of 

the two plumb lines should be parallel. 

Let us assume, that (Pig. 181) S is the center of projection; o is the principal 

point of the photograph; oi is the image of the first plumb line, located 

approximately in the central part of the photograph; mn is the image 

of the second plumb line; i is the point of convergence of the lines 

depicting the two plumb lines. Then, taking segments z symetrically 

with respect to axis x, we will obtain 

or 

M 
whence Pig. 1Ö1. 

(201) 

Here ào\ is the angle composed by the plane of the negative^with plumb line. 

With displacement of the image of plumb line Ap * 0.02 mm, f^ » 190 mm, 2z » 80 mm and 

x * 70 mm, this angle is approximately equal to 2'. 

The main horizontal of the photograph, passing through the principal 

point, should be in the horizontal plane passing through the center of the objective. 

The check is carried out iith a level and rod fixed 10-15 m from the phototheodolite, 

and also a millimeter ruler set on the phototheodolite. 

If the readings of the rod and ruler are equal to N and h, respectively, arid 

the distance from the base of the ruler fixed on -the phototheodolite to the center 

of- the objective is d, then the line of the horizontal on the photographic plate 



should be at a height corresponding to a reading on the rod of N - (h + d). The 

rod Is photographed by the phototheodollte; when there Is any noncoincidence of the 

Image of the rpd reading on the photographic plates with the line of the coordinate 

marks In coordinates z of the center of the objective one should introduce a 

correction. With a levelling accuracy of 2 mm per 10 m the accuracy obtained in the 

determination of the horizon is 2/10,000 - 1)0% which is fully sufficient for 

manifestation of the error in the element of Internal orientation, Az, of the camera. 

The .main vertical of the photograph should pa,'=8 through the marks of the 

reference frame and the principal point. To check this condition in the absence 

of an adjusting attachment, photograph the plumb line depicted in the zone of location 

of marks. After development and drying of the negative, compare the images. 

When there is an adjusting and drying of the negative, compare the images. When 

there is an adjusting attachment photographing is not required. The attachment 

consists of a frame in which there is placed a glass with a double line in the middle, 

about 130 mm in length. Above the line stroke there is an easily shifted magnifier, 

intended for observation of the exact matching of the line with the marks of the 

reference frame and the image of the plumb line in the bisector of the lines; if 

it is necessary, the position of the frame marks are corrected. 

The optical axes of the visual and adjusting telescope must lie in the same 

vertical plane with the optical axis of the camera. The check is produced With 

the help of an adjusting attachment. When the telescopes are turned so that the 

image of the figures 0-180° of the limb coincide, of camera the line of the 

adjusting is matched through the camera objective td point of site. 

If the thread of the telescope is displaced from the object, then the position 

of the grid of telescope threads is corredted by a shift of the ocular bisector 

[SZ/B] (C3/B) or by turning the sighting system (I9/1318). 

Negatives should lie tightly against the reference frame, in order to obtain 

correct values of focal length and coordinates of points. A corresponding error 

(for instance, 0.1 mm) is caused by poor work of the springs and by curvature of 

the negative glass. To eliminate this error it is recommended to use plates or 

negatives made from plate glass. The error is revealed by comparison of the 

distances 1 between marks in the camera and ^ on the negative. 

If from relationship 



(202) 

we will subtract by unity, then we will obtain 

When ■ 180 mm and t ■ I80 mm we will find that Af^ ■ ^ - i. Hence we 

conclude that the distance betv jn images of marks should be sustained with an 

accuracy of 0.02-0.03 mm - the necessary accuracy of the value of focal length. 

The chamber of the phototheodolite and the cassette must be light-tight. To 

check the observance of this condition place phototheodolite with the cassette filled 

with photographic film, under sunlight for 10 minutes and then develop the 

plates [sic]. The manifestation of traces of coordinate marks should not be 

considered, since their appearance depends on the influence of the metal on the 

emul „ion. 

After these checks, determine the focal length and the position of the « 

principal point of the photograph, which is the origin of reading of coordinates. 

These determinations are carried out on special optical benches. 

f 56. Phototheodolite Survey 

Surveying is preceded by reconnaissance of the terrain for selection of the 

stations of the phototheodolite survey, i.e., bases of photographing, the 
* 

establishment of the sequence of operations on tying the stations to the geodesic 

control net, the distribution of control points, and the manifestation of dead 

zones. 

The lengths of the bases of photographing depend on the scale of the map to be 

composed. During selection of the base it is necessary to be sure that it provides a 

good view of the terrain to be photographed and that from each end of the base it 

will be possible, under given circumstances of illumination, to produce a survey 

in the three positions of the principal axis of the camera (normal, deflected to 

the left, and deflected to the right). 

Location of the principal axis of the phototheodolite at survey is shown in 

Pig. 182. 

Tying of stations to the geodesic control net can be accomplished by laying out 

the theodolite traverses (by the theodolite of the set), the solution of intersections 
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Fig. 182. 

and resections, etc. 

On the control points tripods are set up with shields 

or sighting marks, which will be depicted on the photographs; 

tying of control points to bases permits using them for control 

of the operations. 

With a standard deviaticn of axes by 31o30' the angle of 

the field of view from each station should not exceed 120°. At the same time a 

section of terrain located between the stations and also located in front of the 

base at distance Y ■ is not processed, since in these zoi.es the stereoeffect Is 

poor. When It is necessary to process deed zones it is necessary to produce a 

survey from other bases. 

The survey of the terrain is executed in the sequence presented below. On 

one end of the base establish a phototheodoilte on a tripod and on the second 

end a tripod with a sighting mark. Then carryout horlzontalizing and orientation 

of the principal axis of the phototheodolite on the mark. After photographing in 

three positions of the principal axis on station I, move the phototheodolite 

manually to station II, orient the camera, and carry out photographing also in 

three positions of the principal axis of camera. When photographing of the site 

is completed on station II, remove the camera and set In its place a theodolite 

with a tangential screw. Measure the direction to the brand fixed on the end of 

the base, to separate objects, and to visible geodesic points. Carry out the 

measurements at two positions of the telescope. After measurement of directions 

measure the length of the base on a range rod, set in place of a mark on station I. 

Using the tangential screw, match the crosshair consecutively on the left and right 

ends of the rod and find the magnitude of the difference in readings, and 

consequently also [that of] base B, where for more precise definition of the 

obtained result the quantity B is measured 4-6 times. A diagram of recording of 

the measurements of the base is shown in Table 29. 

Bases with lengths up to 100 m are determined with an accuracy of 1:1000 (with 

length of rod t ■ 1 m). If because of the conditions of survey the base should be 

greater than 100 m, then use an auxiliary base with length measured by 

the tangential device. For this select point III on the terrain, located 

approximately at an angle of 70-80° to the line of the base and separated from 
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station I by a distance of 10-50 m (Pig. I83). At point III set a range rod 

perpendiculs to the auxiliary base I-III, which permits a theodolite set up r 

station I to measure the angle y and allows the tangential 

screw to measure the length of base I-III. Then transfer 

the theodolite to station II and there measure the angle 

a1 + a2 (on the order of 3-6°) with help of a tangential 

screw, giving higher accuracy than direct measurement of 

the angle on the limb. In this case the tangential screw 

is set in the middle position, at which its axis is 

Fig. 183. 

perpendicular to the rod, and the telescopic sight is directed approximately on 

the middle of the auxiliary base; then the angles ana a2, the sum of which is 

equal to the unknown angle, are measured. Angles 0^ and a2 are calculated by the 

formulas 

(203) 

where n0, n^ and n2 are readings on the down of the screw at the middle and extreme 

positions of the tube, respectively. 

The unknown base is equal to 

i 57. Processing of Photographs of Ground Survey 

Independently of the purpose of ground stereophotogrammetric survey 

(composition of map of terrain or determination of the spatial coordinates of its 

'Here 20,000 is the "constant" of the range attachment. 
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Individual points), measurements are made on a stereocomparator. First measure 

the coordinates x^, z1 and parallaxes p of points Is of the photographs and then 

by formulas (190)-(193) calculate the co^ruinates of theue points relative to the 

left end of the base of photographing. Using the geodesic coordinates of station 

and the azimuth of the principal axis of the camera, calculate the coordinates of 

the determined points. 

Use of the stereocomparator. The stereocomparator intended for the treatment 

of negatives of ground stereophotography differs from those described earlier only 

in the size of the cassette (13 * 18 cm) anu magnification (6*). Checks of the 

instrument remain the same. With this Instrument it is possible to measure 

coordinates and parallaxes with the high accuracy necessary during the creation of 

large-scale maps and profiles. 

During measurements the negatives are set on cassettes with the emulsion side 

down and are oriented, i.e., parallelism of the axes of coordinates of photograph 

to the corresponding axes of instrument is sought. For this, transfering the 

binocular to the distant position along axis z, shift carriage x^ until the 

left mark appears exactly on the mark of the main vertical of the left photograph. 

Then, with carriage Xj motionless shift the binocular to the near position, after 

which half of displacement of the mark from the mark of the main vertical is removed 

by screw * for rotation of the photograph in its plane, and other half is eliminated 

by hand wheel X^. After repetition of the process, seek the accurate adjustment 

of negative at which the mark coincides with the upper and lower marks. At this 

Instant, with the help of mobile vernier, fix the zero point of scale x^. Then 

match the mark onto the mark of the main horizontal and record the zero point of 

scale z^. These observations can be produced monocularly. The setting of the 

right negative is done analogously, though by using parallactic screws p and q and 

screw *2 f°r rotau^on of the right photograph. Mobile verniers establish the values 

of zero points of x, p, and z. 

Measurement of coordinates x^, z^ and parallaxes p is begun from some 

characteristic point and is then conducted consecutively over the entire area 

of the stereopalr. Bringing in utder the left mark the image of sought contour 

points (by movements of x and z), rotate the parallactic screw until stereoscopic 

matching of the mark with the terrain point is achieved. 
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In the process of fulfillment of works it is very frequently necessary to 

remove the vertical parallax, which although it does not affect the accuracy of 

measurement does disturb the stereoeffect. 

Besides readings of coordinates and parallaxes, on the fields of Journ. j hand 

sketches of the observed area are sometimes made. 

Drafting board. To accélérât': the process of treatment of materials of 

stereophotogrammetric survey graphical solution of the equations connecting the 

coordinates of points of the photograph and the terrain is applied. Figure 18¾ 

depicts a diagram of the accessory intended for this (drafting 

board). The board has axis S on which there rotates ruler 

[bar] SL with a leveled edge. At five times the focal length 

from axis S and perpendicular to the conditional principal 

axis So there is plotted scale x2 with 5-mm divisions, 

corresponding to the millimeter divisions of the stereo¬ 

comparator, 

To the left of principal axis So at distance 10B (expressed 

in the scale of the plan) there is constructed line NN^, parallel to So. Magnified 

parallax 50p is plotted to the left of point o on the earlier plotted scale. 

If the bar is set in position SL, its intersection with line NN^ will uetermine 

point K, located at distance Y from point Nr Actually, according to Fig. 18¾ 

whence 

r-& r # * 
For determination of coordinate X at point K set the side of triangle, 

perpendicular to So. The bar is turned to position SL, where oL’ ■ Sxj^. At the 

intersection of the edge of the triangle with fixed direction SL' point M with 

coordinate X is determined. On the same fivefold-enlarged scale there is established 

reading z1, which makes it possible to determine the elevation Z of point M above 

the left end of the base. For convenience of work the values of divisions of 

scales of the stereocomparator are written on the scale of parallaxes and the 

scale x^. 

^ Treatment of photographs with deflected axes can be carried out on the same 
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instrument, but by a more complicated construction. Prom the results of these 

determinations it is possible to compose a map of a section directly on the drafting 

board. The given method of processing photographs is recommended only in the 

absence of automatic stereoinstruments. 

Magnitudes of parallaxes and base. For construction of a map with a precision 

of 0.001 with accuracy of measurements of parallaxes of 0.01 mm it iu necessary 

before the survey correctly to establish the length of the base. 

Differentiating formula in terms of Y and p, we obtain 

iYtz-êídp, 
whence ^ 

* * 
Y * ' 

With dp * 0.01 mm and dY/Y * 0.001 we obtain |pm|nl * 10 mm. 

The maximum value Y at fk = 200 mm corresponds to the given parallax: 

(205) 

Formula (205) is applied during the selection of the length of the base at a 

given Ymax (depending on the scale of the proposed map). The angle of intersection 

on distant objects in this case is equal to 3°. 

The minimum distance is determined by the maximum value of the parallactic 

angle y, with [its] apex at the observed point; here 

Bac-KrtitCT» 

During ground stereophotography the angle should not exceed 15°, since large 

changes of parallaxes of neighboring points appearing [at greater angles] cause 

eye fatigue, it follows from this that 

(206) 

Thus, the maximum parallax has the value (at f^ * 200 mm) 

(207) 

It follows from this that the parallax screw of the stereocomparator should 

ensure m<asurements within the limits 0-50 mm. 

§ 58. Stereoautographs 

--a-sram of-.intersection. Stereoautographs are intended for automatic tracing 

of a topographic map from photographs of a ground stereophotogrammetric survey with 
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horizontal location of the principal axis of the phototheodolite. 

The Instruments are based on the use of the properties of mechanical 

intersection. Pig. I85 depicts a diagram of intersection at the time of survey. 

Terrain point M is depicted on the negatives at points m1 and m2. Negatives are 

placed in the Instrument in such a manner that the observer sees their direct image; 

consequently, the negatives are turned at 180° relative to their true position in the 

phototheodolite. Angles and A2 between directions to the object and the main 

rays will remain the same, but their signs will change, if directions S^M and S2M 

pass through the principal point of the photographs. At a diatance from the 

photographs equal to the focal length f^ of the camera we will dispose axes 

and S2 of rotation of the straightedges carrying out intersection; the short arms 

of these bars, S^o^ and S2o2. will be hinge-connected with the negative carriages. 

Then with Intersection of the straightedges at point M the regular angles A^^ and A2 

will be constructed and the Images m^ and m2 of determined point M will appear on 

the sighting axes and K2 of the binocular. Consequently, the observer will see 

a single stereoscopic image of the point, combined with the floating spot of the 

binocular. The base of the survey, expressed in the scale of the map, is usually 

small (10-15 nun). Therefore in the instrument point S2, corresponding to the right 

end of the base (survey station), is displaced along line S^S2; instead of stations 

and S2, stations and are used. Carriage MMq, travelling along axes X and Y, 

is located parallel to line X. Point M0 is the initial point, relative to which 

base b is set. With this the intersection of point M has the form of quadrangle, 

consisting of triangle S^S2M and parallelogram MS2S^M^. 

The advantage of intersection if the form of "triangle plus parallelogram" as 

compared to intersection from base lies in the fact that stations and 
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remain motlonlea. with different baeee. Consequently, the sighting axes Kj and Kj 

of the binocular microscope are also stationary. 

During convergent survey, when the principal axes compose one or another 

angle, short arm of the straightedge is set at this angle with respect to the 

long arm S^. Thanks to this the negatives remain in a single plane and the sighting 

axes of the binocular, as before, are stationary. 

By this principle it is also simple to automate intersection with equally 

deflected axes (Pig. 186). With respect to line to the instrument base b is 

set at angle ¢. To obtain the direction S^Mp 

parallel to direction SgM, it is necessary to establish 

point M1 with respect to the initial point m by the 
0 

magnitudes : 

(208) 

F1S- 186- £*,«*«111*, (209) 

which is attained by the application of base supports which are mutually 

perpendicular. Thus, at any position of the principal axes in the horizontal plane 

automatic intaraaction requires setting, of three elements: the angle of convergence 

and the two base components. 

Automatic determination of coordinate Z is carried out (Pig. 18?) with help 

of a third straightedge, 5^, called the height arm. With this the elevation h of 

point of the terrain above point S1 is obtained, at point 

M', The short arm, the height arm, composes a 900 angle 

with its long arm; it is connected with the binocular 

microscope, thanks to which the latter shifts. With a 

turn of arm S1C by angle ß0 the binocular is displaced 

by the magnitude of coordinate Z. Consequently, arm 

S1C solves the equation 

The first stereoautographs (designed by the engineer Orel) were built by 

Zeiss in 1910-1912. They remained unchanged up to 1940 and were successfully 

applied for the creation of maps on scales of 1:2000 to 1:25,000. Soviet 

stereoautographs [6], distinguished by compact arrangement of parts, were produced 

a 
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from 1932 through 1939. 

At present we have the Zeiss stereoautograph (German Democratic Republic), 

produced since 1953. The instrument is applied in a number of establishments 

using ground stereophotogrammetrlc survey. 

Zeiss Stereoautograph. The set of the Instrument (Pig. 188) includes an 

optical-mechanical system, realizing intersection of determined points in conditions 

of stereoscopic observation, and a coordinatograph with a reductor, which allows 

tracing maps in several scales. 

: aurais not 
omomi 

Pig. 188. 

While in the models of stereoautographs mentioned above three intersection 

arms were used, in this design there are four of these ar^is, thanks to which trans¬ 

verse parallaxes are not observed in the model during work on the instrument. 

We present the diagram of the arrangement of the instrument (Pig. 189). in 

the foreground there are carriages with negatives from terrestrial photosurvey. 

Direction arms Lx^ and Lx^ rotate around centers I and II, representing 

photographing stations. They are Joined by a short arm at distance fk and at 

distances Y1 and Y2 by a long arm with the negative carriages. Carriages X and 

the base components bx and by are correspondingly hinge-connected. Carriage 

Xx with distance piece can be shifted forward and backward by a hand wheel and to the 

left and the right by hand wheel X. As a result the position of points will be 

determined by two coordinates. The rotation of the wheel screws is transmitted 

to the screws of the coordinatograph, where the map is traced. 
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Pig. 189. 

Bridge clarlfied-I carries besides guide X with a carriage, the distance piece 

carries guide Z, also with a carriage, located higher than the carriage X. 

Two L-shaped levers are Joined by their short arms to the left and right 

parts of the optical system, and by the long [arms] L_ and L_ to the Joint of 
Z1 z2 

carriage and that of supports by, bz. 

Hand wheel Z can be used to Introduce section [profile?] of the terrain and 

thereby to determine the third coordinates of points. 

The optical system (Pig. 190) consists of two symmetrical branches. The left 

branch contains movable part 3, 4, 5, picking up rays from the photograph illuminated ^ 

by lamp 1 through reflector 2, and fixed part 6, 7, 8, 9, 10, 11; in the focal 

field of the eyepiece the image of the photograph is sketched. * 

Through semlsllvered pentaprism 8 the additional part 16, 15 gives an image 

of mark 14, Illuminated by lamp 12 with condenser 13. Construction of the 

luminescent mark by parallel movement of beams 4-7 requires exact parallelism 

of rays 5-6 of axis Y of the Instrument. 
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Pig. 190. 

The coordlnatograph permits carrying out approximate manual setting of pencil 

above a point of the plane table after removal of the guide nuts of screws X 

and Yj exact setting Is done by means of two screws located close to the solenoid 

of the pencil hoist [lifter]. 

During adjustment of the Instrument set all parts In the horizontal position 

(with the help a level with one-minute accuracy). Check also that all movements 

of the parts of the instrument (X, bx, Y, by, z, Zj, fk) are carried out along 

directions parallel or perpendicular to guide Y, with an accuracy of 0.02 mm. This 

is attained with the help of a measuring grid and a telescope with a magnification 

of 6*. Then determine the zero points of scales X, Z, Y, b , b , and b in 
X y z 

approximately the same way as on the stereoplanlgraph. 

Por processing photographs on the stereoautograph levers are set in a position 

In which readings on the X( bxS by, and bz scales are equal to zero. After that 

the negatives are oriented on the carriages in such a way that the main verticals 

of the negatives pass through the line of sight of the binocular; at the zero 

position of the arm the line of sight of the left branch of the binocular should 

pass through the main horizontal of the left photograph. Then b and b are set in 
X y 

the scale of the map, the plane table is laid on the drafting board of the 

instrument, and processing of the stereopair is begun. 

Por drawing horizontals, set the appropriate readings on the scale of heights 

and, using movements of the hand wheels of the X and Y carriages, move the mark over 
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the stereoscopic model in such a manner that it continuously touches its surface. 

The pencil will draw on the plane table the trace of the total movement of the 

carriages. 

Shifting the mark by movements of X, Y, Z, trace the contours of roads, woods 

precipices, etc. Table 30 presents data characterizing the stereoautograph. 

Table 30 

. « 
IltMitt: of Initrun-nt 

Six« of photogrtoh, 

Focal langlh. m 
Horizon Una aarlu on tho rogativo, 
m 

Oanvorgonet y„ In dogrooo 
Btooi b*. ■■ 

Ooordlnatoi 1, ■■ 

ttegriflcation! X 
Trarmlooiono to coordlnatograph, 

mgrlfl cation 
tall, of eoordlnato- 

Aroa oecuplod by ittrocautofrapn., oa 

Hoitfn of inotruBont, cn 
Aroa oocuplod by cooidlnatograph, oa 

Hol4it of Inatruaont, kg 
Uolght of ooordlnatograph, kg 

Nunorleal data 

The instrument is used for tracing topographic maps, and also for the 

creation of mining survey plans, for the treatment hydrotechnical photographs, 

etc. [12]. 
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