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SYNOPSIS 

This dissertation on "Electronics In Photo-

grammetry" is restricted to information regarding 

use of electronic devices In photogrammetry. It 

does not cover either the technical aspects of 

electronics or the details of Instrument design. 

After explaining In Chapter II the advantages 

of the use of electronic devices in photogrammetry, 

some Important electronic systems and their com-

ponents are described in Chapter III. Devices 

for time control, light control, position control, 

and servomechanism are mentioned as the principal 

control systems. In chapters IV and V use of 

electronic devices in ground control and , photo 

flights is described. Chapter VI deals with use 

of electronics In photography and processing for 

prints. In the last chapter i.e. Chapter VII 

automatic plotting, rectification and map com-

pilation are dealt with. 
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CHAPTER l 

INTRODUCTION 

1 . f Photogrammetry is the 'science or art of 

obtaining reliable measurements by means of 

photography and It obviously Includes the study 

of operations and instruments for taking of 

photographs and intepreting them in three dimen--

sional:.measurements with the desired precision. 

The photogrammetrio instruments were devised 

for the accuracy required but the use of these 

Instruments, till the last war, involved tedious 

ad justments and operations and the work, by no 

means., could be done expeditiouslya With the 

Introduction of electronic devices In all fiolds 

of applied sciences, photogrammetry has made 

rapid progress, because of the ease and speed 

of the operations made possible by electronic 

instruments. The astonishing speed of opera-

tions and adaptability to varying conditions is 

perhaps the most significant difference between 

electronic and non--electronic devices. 

1.2 The use of electronic instruments has,  .n--

creased .n the last few decades, to the point 

where one finds it difficult to name any branch 

of science where electronics is not at work 
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• gathering data for man's information. The time 
has long since passed when electronic instruments 

were employed chiefly by electrical engineers for 

the study of electrical circuits. in the 

industrial world, today the electronic instruments 

find a place In the measurement of almost any 

quantity one might think of e.g. acceleration, 

velocity, displacement, stress, strain, thickness 

of any material, mass and weight, pressure and 

vacuum, temperature, light intensity and colour, 

the frequency and intensity of sound, radio 

activity, chemical quantities and medical and 

biological measurements. Electronic systems are 

also used in the devices employed for ensuring 

safety and in those used for inspection or de-

tection. It may be said that they have im-

measurable uses. The science of measurement by 

electronics is by no means confined to measure-

ments öi ottr piandtary or to our Island universe. 

The modern radio telescope, as a matter of daily 

routine probes the secrete of the clouds of 

intergalactic matter, while the luminous stars 

tell the photomultiplier tube of an expanding 

universe. Just as remarkable is the electronic 

computer that stands ready to draw conclusions 

from data in a few hours, which only a few decades 
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ago, many a man life times would have been in-

sufficient to reach. 

1 .3 One can. -get a glimpse of the fascinating 

and exciting possibilities of electronic in-

strumentation by the use of ready—made equip-

ment available on the market. But the calls 

on electronic devices for measurement and coa-

putation are so varied that the scientists must 

be prepared to design their own instruments 

suitable to the problem in hand. 

1" 4 This dissertation gives infoz~nation about 

electronic devices used in photogrammetry. As 

a preliminary to the understanding of electro-

nic devices, electrical instruments of photo. 

gramntetry are also included. Possible future 

development of electronic instrumentation in 

photogrammetry is also indicated. 

1.5 Details of instrument building and teohn3.-- 

cal aspects of electronics ara highly s;peoia-

u sed lines beyond the purview of a photo—

gramme trio engineer and are _ not covered by this 

dissertation. 
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WHY ELECTRONIC INSTRUMMNTS? 

2.1 This is the age of automation. We find 

that electronics has found application in almost 

all scientific disciplines. In the following 

chapters we will see how electronics helps us 

in different phases of work in Photogramrnetry 

and what promise it holds for us In this field. 

In this chapter we Jtau try to briefly answer 

the logical question, What can electronic - 

instruments do for 'V :!, togrammetryt~ . 

2.2 It is to be admitted that the number of 

measurements which can be made only by the 

electronic Instruments and not otherwise is very 

small. Moreover a good electronic instrument 

may not necessarily be more accurate and yet It 

may be more expensive than the devices working 

on other systems. Yet the choice of electronic 

Instruments is justifiable because of their par-

ticular advantages over other instruments viz. 

versatility, speed or response, adaptability 

to various difficult conditions of measurements 

and in most eases ease and convenience which 

result in saving intime and saving of personnel. 

They may also give more accurate results and 

5.' 
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might prove to be more reliable. 

2.3 The immense speed of operation is perhaps 

the most .important reason in most cases for pre-

ferring the electronic Instruments to the non-

electronic ones. This is mainly because of the 

low mass of the electron, which permits It to be 

accelerated to extremely high velocities In ex-

tremely short times. Consider the case of a 

radar where we use radio waves. (This is ex-

plained later) . The time taken by a radio wave 

to reach a distant target and return to the radar, 

after being reflected by the target, is of the 

order of a few micro-seconds. It is practical-

ly impossible to measure such a short duration 

of time with the help of our presently available 

mechanical Indicators, whereas It is very easy 

to measure such short durations of time by an 

electronic Instrument. 

2.4 Versatility to another valuable feature of 

electronic Instruments. Take a basin electronic 

counter for example. The same instrument with 

minor changes In the Input circuit can be made 

to record either events per unit time or time 

interval. Such an instrument in collaboration 

with certain other Instruments like the crystal 

controlled cloak, the photo-tube, etc. can be 

4W 
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0 used for the measurement of various other quanti-

ties. The result may be displayed in a variety 

of wars, as the application may demand, making 

the versatility almost unlimited. 

2.5 Another outstanding feature of electronic 

instruments is their adaptability to the control 

systems. Before anything can be controlled it 

must be measured. And if the measuring system 

is made to deliver an output in the form of an 

electric signal, it can be adapted to automatic 

control function. %-. Any servomechanism may be re-

garded as an instrumentation problem if one de-

sires to take that point of view. 

2.6 Automatic control Is one very obvious example 

of a feed—back though that is by no means the -

only application of electronic instrumentation. 

In addition to minimising the error between the 

input and output signals of a system, the feed-

back may be used to control the input and output 

of various quantities. 

2.7 The possibility of using electronic instru-

ments as telemetering systems in dangerous and 

inaccessible places is fairly obvious. There 

are many glamourous examples, such as research 

rockets, unmanned satelitee, spy planes, etc. 

4P 
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where It is convenient and at times obligatory to 

use remote indicating and remote controlled in-

stru:aents. 

2.6 Till late most of the devices were of the 

'open loop' type. Their action went only in one 

direction, so to say. As long as everything 

operated correctly, they were fine. But in case 

of failure or error in any part of the mechanism, 

the mechanism was Incapable of discovering and 

remedying it. In modern automation, we use a 

feed-back system which tells the mechanism when 

it makes mistakes or otherwise gives It instrue-

tione and in case no correction Is possible, 

orders the machine to stop. 

2.9 These particular advantages go to show how 

necessary and helpful the electronic Instrumenta-

tion is to the technician and why Photogramme-

trists have switched over to electronics and in 

fact opened a new age, 'the age of electronics'. 

2.10 Now we shall see how electronics helps us 

carry out the work In Pho to gramme t ry . it can be 
said with confidence that electronics helps us 

In every phase of our work. The following para-

graphs give us an idea as to what instruments use 

electronics. The details about them, i.e. their 
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principle of working, importance, etc. will be 

dealt with in the forthcoming chapters* 

2.11 The first ph ise of the Photogrammetrio work 

is providing control by ground survey. This 

means fixing points with known position and ele- 

vation in the area to be photographed. 	'orr- 

merly this was done by ground survey methods 

such as triand,ulation, levelling, traversing, 

etc. But the recent developments in electro-

nics slowly outmoded these methods and electro-

nic instruments like Tellurometer, Geodimeter, 

Air borne profile recorder, Santoni' s Solar 

Periscope, etc. came into vogue. They speed 

up the work and increase the accuracy. The 

electronic computers help the calculation work 

of geodetic and topographical computations. 

2.12 Next comes planning and execution o `Photo—

flights. Formerly many of the instruments on 

the pilot's indicator panel were non—electronic. 

They , did not give the accuracy required for 

photogrammetric work. Moreover the aircraft 

was not very steady or stable. The effect of 

all this compelled the Photogrammetrist, many 

a times, to order re—photography of the area 

and the result was a great loss of finance, 

labour and time. Now—a--days instruments like 



6  radar, radar altimeters, wireless units, shoran.,. 

decca and other navigation systems, auto pilots, 

fire detectors, etc. make an accurate and safe 

flight feasible. 

2.13 In the actual photography and processing 
for negatives and prints the Photogrammetrio% 

is aided by instruments such as exposure meters, 

in tervalometere, automatic winders and shutters, 

camera stabilising mounts, electronic printers, 

spool tank developers, electron image tube etc,, 

They minimise the possibility of error and ren-
der prints of a good quality and speed up the 
work. 

2.14 In the last stage of work, i.e.  map corn— 
p .lation, the Photogrammetrist uses the instru-

ments like terrain data translators, automatic 

map compilation systems  steromat, co--ordinate— 

graphs, automatic rectifiers, safety devices as 

caution signal in autographs etc. The digital 

computers in fact can be used in. all the phases. 

All of these are electronic instruments. 

to 
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CHAPTER 3. 

SOME ELECTRONIC SYSTEMS. 

3.1 One of the chief differences between man and 

the other animals is that the other animals rely 

- solely upon muscular strength to satisfy the needs 

of existence, whereas man takes advantages of and 

utilises many forces of nature to accomplish his 

desires. The primitive mman domesticated some 

animals to aid him in his work. Later centuries 

saw utilisation by man of the force of wind and 

water In such devices as crude wind mills, water 

wheels and the sailing ships. The 19th Century. 

witnessed the harnessing of the energy of steam 

- 

	

	and the beginning of the internal combustion engine. 

The first half of the 20th Century brought the 

development of electricity as a flexible source 

of energy for light, power and communications. 

The second half of the century is seeing a great 

advance in automation through the medium of elec-

tronics in new electrical and mechanical self-
deciding and self-controlling devices. 

Components and Circuits: 

3.2 The marvellous achievement In the field of 

electronics and automation is made possible by the 
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• use of many components, circuits and devices. 

Several of these components, circuits and devices 

may be employed in combination to achieve the 

desired result. The electronic equipment may 

be . classified as shown below (13). 

1.* Vacuum-tube amplifiers. 

2. Vacuum-tube oscillators. 

3. Saturable-core reactors. 

4. Series impedance transformers. 

5. Peaking transformers... 

6. Phase-shift circuits. 

7. Free-wheeling circuits. 

8,. * Rectifiers. 

9. * Filters. 

10. Voltage dividers. 

11. * Time-control circuits. 

12. * Constant-voltage circuits. 

13. Non-linear resistors. 

14. * Electronic switches. 

15. Long-tailed pair. 

16. * Light control devices. 

17. Temperature-control devices. 

18. * Position-control devices. 

19. * Rotary amplifiers. 

20. Antihunt circuits 
The aateriaTked ones are of use in 
Photogrammetry. 
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PrinciplesofCircuit yetems: 

3.3 Simple control systems involve some manual 

actions which determine the operation of a 	-- 

machine. The system may be of the on-and-off 

type forming a simple switch or may be of an 

automatic push button type forming a starter. 

These starting or stopping devices are simple 

controls. Other type of controls may be of the 

regulator type to check the speeds of machines 

etc. 	In the last type a transformer circuit 

along with amplifiers is used to do the job. 

Here an expenditure of a small amount of energy 

is used to control the delivery of a muQ reaver 

amount of energy, e.g. Auto-pilot mechanism. 

Another form of control system is a closed 

cycle type system in which there is a mechanical 

or an electrical circuit interlock between the 

final controlled unit and the primary controlling 

unit. In electrical terminology this means a 

closed circuit and a feed-back, e.g. Electronic 

Printer. 

Some Electronic systems and their Components: 

Vacuum-Tube Amplifiers: 

3.4 The vacuum triode, tetrode and pentode are 

amplifying tubes. Associated with suitable air-

cuits, they constitute one type of amplifier and 
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• they have revolutionized the art of electrical 

communications, measurement and control. The 

function of a magnifier is to increase or magnify 

a very weak signal until it in capable of con-

trolling sufficient electric power for producing 

light, sound or mechanical work. An amplifier 

does not create any energy but controls sources • 

of electric energy to give outputs that follow the 

original Input signals with fidelity. The ampli-

fication may be in of a or in a series of stages 

or steps. The amount of amplification that can 

be attained for some application is limited by 
various factors. 	The discussion about these -- 
factors is out of the scope of this dissertation. 

Electronic Printer, Cloud height data analyser, 

etc. use vacuum tube amplifiers. 

Time Control Devices 

3.5 The timing of various types of operations 

may.  be controlled by electric circuits, magnetic 

devices and mechanical devices. The time re-b 

quired for the transient current and the voltage 

changes in the inductances and the capacitances 

is made use of here. e.g. Intervalometer, .. 

Spool tank developing units, etc. 
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Light Control Devices: 

3.6 The electronic components that function 

under changes in light are the phototube, the 

electron multiplier and the photovoltaic cell. 

The phototube or a photoelectric cell is a tube, 

may be gas-filled or with vacuum inside, con-

taining a cathode and an anode as parts. The 

cathode is a half-cylindrical sheet of metal 

covered on the inner side with a thin layer of 

photoemissive material (often cesium oxide on 

silver) while the anode is a coaxial wire of low 

photoemissivity. The phototube is best adapted 

to applications requiring exactly the same res-

ponse at all times to the same radiation, gAlek 

response to very rapid changes In the radiation 

or in circuits in which the voltage impressed 

upon the tube might reach Leigh valued. The 

vacuum-phototubes are used for light-measuring 

and light relay devices and the .gaseous photo-

tubes for (i) facsimile transmission of pictures, 

(ii) as an'eleetrio eye' in photometric measure-

ment, (iii) for control of artificial illumina-

tion and mariyother applications. The photo-

voltaic cells are used in measuring the light 

change but are hot very responsive. The elec- 

tron multiplier can be used as a combined photo- 
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• electric pick-up and amplifier for minute light 

variations, for sound reproduction of films and 

in television. 

Position-Control Devices: 

3.7 The function of the position.-control devices 

is to transmit motion by electrical means between 

two points that cannot be readily connected 	- 

mechanically. - This function can be accomplished 

through the use of either a direct or an alter- 

nating . current. The Selsyn system also called 

Synchro system for transmitting motion electri-

city is used for indicating the positions of all 

kinds of remote mechanical equipment and also for 

the remote control of such equipment. They are 

made in a variety of sizes and with different 

accuracies to fit the application. SEG- V 	-- 

rectifier, Camera Mountings use these devices. 

Servomechanism: 

3.8 This is a term appearing quite frequently 

in 'electronics. It comprises a class of auto-

matic regulators whose purpose is to keep a regu-

lated quantity matched to a reference quantity. 

Usually the quantities regulated are the speed, 

position or change in the rate of speed of some 

machine. Thermostats that control the tem,pe-

rature of a body and hydraulic governers that 
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• control the speed of a turbine are but a few 

examples of simple servomechanism. Many operate 

electrically or electronically; others are 	-- 

mechanical, hydraulic or gas operated. At times 

some of these types of servomechanisms are used 

in combination. 

3.9 For keeping the regulated quantity matched 

to a reference .quantity, the servomechanism - 

should possess the following four important 

characteristics, viz :- 

1. Past response, 

2. High accuracy, 

3. . Unattended control, 

4. Remote operation. 

A Servomechanism consists of three basic 

elements. Those are z (1) an error detecting-

device, (ii) an amplifier, and (iii) an error--

correcting device. The error detecting device 

determines when the regulated quantity differs 

from the reference quantity.. It then sends out 

an error signal to the.samplifier, which in turn 

supplies power to the error correcting device ,. 

With this power, the error correcting device 

changes the regulated quantity so that It matches 

the reference quantity. The closed loop com-

posed of the error detector, the amplifier, the 
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• error corrector and the regulated quantity are 

characteristic of all servomechanism devices. 

3.10 Any quantity can be regulated and can also 

be used as a reference quantity. Moreover the 

regulated quantity and the reference quantity 

need not be the same if the proper detecting 

device is employed; but the measuring units - 

within the error-detecting and error-correcting 

device must be the same for even dissimilar -- 

quantities, e.g.- the temperature of a room and 
the speed of the blower for the room should both 
be measured in terms of voltage and so on. 

e.g. Auto Pilot systems, SEGV Rectifier, etc. 

3.11 The error corrector of a Servomechanism 

system actually does the work of regulating. The 

error detecting device and the amplifier serve 

only as a means of controlling the error corrector 

so as to make the regulated quantity match the 

reference quantity. 

3.12 There are many forms of servomechanism -- 

systems; but their fuller description has been 

omitted here on account of the limited scope of 

this Djasertativn. 
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0HAP 2 E R 4. 
ELECTRONICS IN GROU ]? CONTROL 

4.1 Photogrammetrio construction of maps neces-

sitates the establishing of horizontal and ver-
tical values in the form of co--ordinates, of 

certain photographic image points for the use 

in subsequent operations leading to map compila-

tion.9 These image points are commonly known 

as photo control_ points and the survey made to 

establish, the same is known as ground control 

survey. 

4.2 Control points are points of known plan-

position and elevation. The number of control 

points and their required accuracy depends upon 

the accuracy of the required mapping, scale of 

mapping, extent of the area to be mapped and 
methods of ground survey employed. 

4.3 Fixing the control points Is the basic 

requirement for all plotting operations. For 

plotting by graphical methods, like the radial 

line method or the slotted templet method, con-

trol points are necessary for the purpose of 

restitution of scale of the plotted area and 

for orienting the plotted area with respect to 
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• the co--ordinate system in use. For controlled 

mosaics or photomaps rectified photographs are 

required to be used. In the process of recti-

fication, control points plotted on a sheet and 

marked on the photograph are used for orienting 

the negative in the rectifier. Plotting instr k. 

ments like trild Autographs etc. use the control 

data for orienting the disposi -tives or photo--

graphs in the photo carriers. Even in corn ;-

touring by simple means like 'bhe parallax bar, a 

set of control points helps us to determine the 

corrections in heights obtained from the measured 
parallaxes. 'These examples prove the 	W» 

indispensability of control points. 

4.4 Electronics has made rather a dramatic 

entrance in the work of laying of ground control. 

This was solely due to the development of distance 

measuring systems and altimeters based on propa-

gation of low frequency radio waves. Most of 

them were first developed for air and sea navi-

gation, the more accurate ones were then used 

for surveying. 

4.5 In the days when electronics was not known 

or was not much In use, ordinary ground survey 

methods had to be used. These methods Involved 

a huge amount of work and they were time—consuming; 
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• this ultimately increased the cost of work. For 

vertical control we have to determine accurately 

the heights of control points.* For determining 

the heights of points on hills a faster way is 

tachometry but It is not an accurate method. 

Then the only way remaining to to run a levelling 

line which is a very difficult task in hills and 

is t1me--con ou ning. if the paints are chosen 

from the photographs, then some of them mi, ht 

also be inaccessible. It will then be difficult 

to got their accurate height. 2leetronic instru-

monte like the atrborno profile recorder and the 

radar altimeter give us the hei4,hte of points 

without occupying them. The time required to 

also very short. In ordinary surveying Where we 

use instruments like theodolites, levels, etc. 

we have to depend much on atmospheric Conditions. 

Mist, fog*  haze make the .work impossible. B10c- 

tronic instruments like. teilurometer, aerodist 

and others based on the same principle can be 

used with advantage in such cases. They use 

radio waves which are not affected by varying 

atmospheric conditions. In ordinary surveying,, 

as we have to depend on the observer's capability 

of getting good intersection, the mazimun 	W» 

length of a line. covered In one shot is only a 

few miles. The measurement: of long lines in-

volves measurement in small parts and a good 
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number of stations have to be occupied. This 

involves a large amount of labour and takes 

time 	For fixing position of unknown points 

with respect to known points we use triangula-

tion, wherein we measure one side and two angles 

of triangles. This is because measuring all 

the sides is difficult. In Trianelation a 

small error in the angular measurement causes 

a considerable error In the co-ordinaVes of the 

points, the position of~vhich is to be fixed« 

With modern electronic Instruments this job is 

quite simple. For fixing co-ordinates of un--

known points instead of triangulation tr .-

lateration can be used where three sides of the 

triangle are measured. The method is more 

accurate and faster. 

4.6 The modern tendency is towards the use of 

such instruments as render fast work and 	- 

exclude the human element as much as possible. 

The electronic equipment has all these advantages. 

The sources of errors in electronic distance 

measurement are 

i) Error in the measurement of time 
interval giving distance. 

ii) Error in recording the time In-
terval.. 
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iii) Errors. in allowance for the time 
taken in transmission through the 
electrical circuits. 

iv) Changes in velocity of waves owing 
to changes in atmospheric pressure, 
temperature, humidity, etc. 

The first three are errors in the determt-

na ti on of . UI and are independent of the length 

of the line but the fourth is in general, pro-

portional to the length of the line. The error 

in the measurement of the time interval is in-

herent in the apparatus and it depends upon the. 

degree of accuracy to which time can be read. 

The exact point of starting of the pulse is 

difficult to ascertain; to reduce errors it is 

necessary to measure the time interval by various 

operators. Of course the final accuracy can 

easily be increased by taking a large number 

of sets. 

4.7 It has been stated that the change in. the 

• velocity of waves affects the accuracy. The 

variations in the velocity are due to variations 

in value of the atmospheric refractive index 

which in turn depends upon the atmospheric -

pressure, temperature and density. The velo-

city generally varies from about 186,208 miles/ 

sec. to 186,248 miles per second. According 

to Clark 
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where 

V m velocity of transmission, 

A m Index of refraction for the atmosphere, 

C = a constant represented by the velocity 
of transmission of waves in free space, 

where A may be calculated from the formula of 

England; Crawford and Mumford asgiven below:— 

~,P.c-iJxto = 2T 	pto  

where 

T * absolute temperature Centigrade. 

P = total atmospheric pressure In mms. 
of mercury. 

W = partial pressure of water vapour 
In morns, of mercury. 

This formula, however, would be inconvenient 

for computing a mean velocity for the path, so 

a number of approximate formulae assuming normal 

atmospheric conditions are in use. The simplest 

one is based on the assumption that 

where 	h, "" so ( i - h' 
.}- R 

AK= index of refraction at h feet above 
sea level. 

o m index of refraction at sea level 

R = mean radium of the earth In feet 
for the area 

under consideration. 
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. then y the mean velocity along the path, 

o 1 + H + h, _ 	L~" 
a R. 	G4 R2-~ , 

where 

Vo- = velocity at sea level under normal 
atmospheric conditions. 

L = Approximate slant distance ( 	t ) 

H = Height of the point to which the 
distance is measured above sea 
level. 

h = Height of instrument station above 
sea level. 

4.8 Some of the electronic distance measuring 

devices are given below ;- 

i) Radar (Radio Detection and Range) - 

- This uses radio energy in pulse form. It falls 

in non-co-operative category. It has a range 

of about 50 miles and is mainly used for navi-

Satlon. 

ii) Loran (Long Range Navigation) - This 

navigational aid uses continuous waves. Its 

day time range is about 250 miles at high alti-

tudes and increases to 1400 miles at night 

(Ref. 10). 
iii) Shoran (Short Range Navigation) - As the 

name suggests, this has a short range as com-

pared to a Loran, the maximum . range being 300 

miles. It uses radio energy in pulse form. 
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iv) Hiran (High Precision Shoran) — It is on 

the same principles as the Shoran but is more 

accurate. It has a range from 100 miles to 500 

miles . 

v) Gene — H — This is a British system and is 

much used by Britishers. It uses pulse fort 

of radio energy and has a range of about 450 miles. 

vi) Oboe This is the same as Shoran; the 

only difference is that the transmitter is in the 

moving vehicle like an aircraft or a ships  the 

distance' of which is to be measured from a known 

point. 

vii) Decca -- This aid uses continuous waves. 

A set of two Decca Stations define a system of 
hyperbola with respect to which navigation is 

done. This aid was Invented by the Britiehers. 

It can be used upto 300 miles but the reliable 

range ie only 100 miles. 

viii) Geodimeter -- This instrument uses pul-

sating polarised light waves. This has a very 

short range and the measurements can be done in 

total darkness only. Atmospheric agents affect 

results obtained with this to a considerable 

extent; so it has many limitations. 

ix) Tel3.urrrometer This aid uses continuous 

waves and is found to be very useful for distance 
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measurements in survey work. It has a range of 

150 miles. 

4.9 All these devices use radio waves. Radio 

waves are waves generated by converting electri-

city into waves that radiate freely -through 

vacuum or atmosphere and to a certain extent 

penetrate through  solid matter and produce 

electrical effects. In practice radio energy 

is used as continuous waves or pulsating waves. 

A pulsating wave  has fluctuating density whereas 

a continuous wave has a constant density. 

4.10 The systems used for distance measurement 

are of two types— Co--operative and non-co-

operative. In non—co—operative system the waves 

are reflected directly from the object or station 

whose distance is being measured. This fort of 

measurement, commonly used in conjunction with 

directional wireless to determine the rough 

bearing as well as the rough distance, is employ-

ed for military purpose in the detection of alien 

aircraft or for anti-aircraft gunnery; but its 

accuracy Is not so great as that of the co-

operative system, and its range is mere limited. 

In the co-operative form, a special receiving 

instrument receives the signals at a different 

point and, after a short delay of known duration, 
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• re--transmits them on a different frequency to 
the sending station, generally boosting up the 

strength of the signal in the process. The 

main transmitting and receiving apparatus may 

either be in the aircraft or at the ground sta-

tion. Consequently the co-operative . system is 

preferred. 

4.11 Of all the systems the radar system Is the 

oldest and may be taken as the basic qystem. 

The other systems involve more or less the same 

principle of working, butIdiffer in certain other 

characteristics and In accuracy and rango. 

Radars, Shorans, : .P.Is. use short intense pulses 

of radio energy while in Deeca, Loran, Talluro-

meter continuous waves are transmitted. Gee Ii 

system is like Shoran; so Is the Oboe system 

except that the transmitter In the latter system 

is on the ground and not in the vehicle, the . 

range of which is to be measured. Some of these 

systems (e.g. Decea, Loran, Lomc, etc.) measure 

the difference between the distances from the 

navigating vehicle to two or more fixed points. 

Others measure the full direct distances. The 

measuring or indicating devices used include a 

cathode ray tube (vide sketch No .1) in each case, 

in the Radar, the Shoran, the E.P.I. and the 
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Tellurometer. In the other systems like the 

Decea and the Loran, phase-meters with cali-

brated dials and printers are used for measuring 

the phase difference between the different in-

coming waves, on the hyterodyne principle. in 

the use of these electronic instruments for 

survey, it is necessary to use high frequency 

waves, i.e. of short wave length as against 

those used for ord z.ary radio broadcasting -- 

wherein waves of comparatively low frequency 

are used. In the ordinary radio transraiselon 

we are not much botttersd about the path of tra-

vel of the waves. A wave ordinarily travels 

but a short distance beyond 'the limitss of visual 

observation. Long distance reception therefore 

almost depends upon the waves received after 

reflection from the ionosphere a layer of nega-

tively changed ions surrounding the earth' s 

atmosphere at heights from 60 to 180 miles above 

m. s I. As actual paths of such waves are not 

definitely known, they prove to be useless for 

survey purpose. 

4.12 Another factor which makes the short wave 

transmission preferable is that the rate of 

growth of the pulse depends upon the frequency 

of transmission that the short waves give a 
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sharper and narrower imprassion of the pulse on 

the reorder than long waves do and that a more 

accurately defined commencement of the pulse 

front is obtained from which measurements can 

be taken. The , Decca, the Shoran and the Tellu- 

rometer, as they use short waves, are more 	-- 

suitable for eurvey purpcseo. These are briefly 

described later in this chapter. 	The s"..ecca 

system is mainly used for Hydrographic surveys, 

and the Shoran system ma my for ground surveys. 

The Teilurometers € -ea: ure comparatively short 

distances, but they measure. them very accurately, 

on the ground. 

4.13 Before describing any of these systems, we 

will first take note o.f the Radar, which is the 

basis of all these systems. This will be o:f 

help in describing the o tier instruments later on. 

4.14 In the Radar f  a powerful pulse of high-

frequency carrier wave travels froma transmitter, 

hits an object like the fuselage of an aeroplane 

or a ship and is reflected in all directions in-
eluding the direction in which the transmitter to 

situated. A receiver is situated near the --

transmitter (in fact one and the same aerial acts-

both for the transmitter and the receiver) . The 

receiver measures the very minute interval of 
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time taken by the pulse in travelling the die_ 

tance from the transmitter to the object (target) 

and back to the receiver. A little time after 

the reflected pulse reaches the receiver, another 

pulse starts from the transmitter,► If instead 

of the Intermittent pulse, a continuous trans-~- 

mission occurred, it would not be- possible for 

the receiver to measure the time of travel of the 

energy from the transmitter to the receiver via 

the target without using cooperative system. 

Furthermore since the energy is transmitted in 

intermittent pulses, it is possible to pack a 

lot . of energy in each pulse. This is necessary 

because even though It is popsible to concentrate 

the transmitted energy into a bean, the reflected 

energy gets widely diffused and the receiver re- 

ceives ;a very small portion of the transmitted 

energy especially when the reflecting qua.l,ltiea 

of the target are poor. 

4.15 The main component of the receiver is a 

cathode ray tube which in collaboration with 

other components and circuits measures the very 

short time taken by the pulse energy to travel 

from the transmitter to the target and back. This 

distance which is double the distance of the 

target from the receiver, be '2d';  then the dis-

tance of the target from the receiver will be'd'. 
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If the time interval between the emiseion and the 

reception of the pulse be '2t',  taking 'v' the 

velocity of radio waves (as 186,000 miles/sec. ) 

we have d = v. t.. 	If the two way distance be 

100 miles say, then t = 1/1860 secs. 	At -- 

present the instruments are capable of measuring 

upto one milllmicrosecond ( i oseconds) which 

means that the unreliability of the measured 

distance is ± 2 inches.. 
4.16 Shoran (7) was designed by Mr. S.W. Seeley 

of the Radio Corporation of America. It works' 

on a frequency of 210 to 260 megacycles/sec. 

4.17 Shoran system falls in the co—operative 

category. Here a transmitter is placed in a 

moving vehiclo i.e. the aircraft In aerial eu.r-

vey. The target instead of being a mere res-
ponder is a 'transponder. The geographical 
positions of these targets are accurately found. 

The two transponders are distinguished by the 

names 'Drift' station and the ' R.te' station 

respectively. The position of the required 

point is determined by finding out its distance 

from the rate and the drift stations. In case 
:.here is a difference in the altitude in the 

stations, their heights above the M.5.I. should 

be known. This will be useful both for deter» 

mining the position of an aircraft or a point 
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' 4.19 In the Decca system the co-ordinates are in 

a hyperbolic form. In electrical terms, each 

family of hyperbola is made up of lines of equal 

phase difference as between the signals received 

from a pair of transmitting stations situated 

at the focal points=  the continuous wave trans-

mission being synchronized or "phase-locked" 

and assumed to travel at a constant speed. 

4.20 Thus a comparison of the phase of the , sig-

nal atfthe point of reception - the basic function 

of the Decca receiver - will locate the receiver 

on a hyperbola along which, by definition, all 

points have a constant distance difference from 

the two stations. The Indicated hyperbola thus 

forms a navigational line of position. In prac-

tice one station is called the *'Master station" 

(vide sketch No.3) . For fixing the geographical 

position of the observer at a point, with 	- 

0 	 reference to groundstations. 'two sets of position 

lines are required. These are obtained by - 

generating two * hyperbolic patterns, using one 

master station with two other slave stations. 

The special feature of this system is that several 

observers 'can use the system at the same time. 

4.21 Another device, the Tellurome tsr (15) was 

invented by Mr. L. Wadley, a Scientist on th 
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Staff of the South African Council for Scientific 

and Industrial Research. It also employs 	-- 

micro-waves and is of co-operative type. A set 

of the equipment consists of two portable units, 

one placed at each end of theline to be measured, 

each powered by an ordinary automobile storage 

battery. Operators can main ain contact by 

means of built-in telephones (vide sketch No . 4) . 

4.22 The electronics involved Is simple. A 

continuous wave of about 10 ems. in length -
3000 Mc (Megacycles) per second is radiated from 

the master unit. This carrier wave is modu-

lated by measuring frequencies of 10 Mo/sec. and 

others of similar order and Is received and re-

radiated by the remote unit. The return wave 

intercepted by the master unit and the phase 

shift between the outgoing and the incoming - 

modulations is indicated by a cathode-ray tube.. 

This phase shift gives the measure of the elapsed 

time and is indicated by a small break in a 

trace adjacent to a circular scale. Four - 

measuring frequencies are used and the same scale 

serves for all. - For the sake of simplicity, the 

propagation velocity used in computation is 

half the actual value, so that the distance is 

deduced directly. The velocity of the micro- 
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. waves varies a little with atmospheric 	-- 

pressure and humidity, and small corrections 

are required to be made for these variations. 

Therefore the operators carry a wet-and-dry-bulb 

thermometer and A barometer for measuring the 

meteorological conditions. 

4.23 To avoid the necessity of a clearing line 

between two stations in forest terrain., 

Dr.A. G..Mungali of the Division of Applied Physics, 

National Research Council, U. $.A.., devised a 

means of separating the antenna, the actual 

source of radiated waves, from the main body of 

the cirouitary and elevating it on a mast so that 

the instrument can "see" over the tops of the 

trees.. 	The retracting mast can be run. up as 

high as 40 ft. above the instrument. The crew 

can then clear the usual line, a few feet in 

width, for sighting purposes, and the distance 

can be measured over, rather than through, the 
timber. 

4.24 As to the advantages of the Instrument, two 

men, one with the transmitter and the other with 

the receiver can - r.  asure any distance from 500 

feet to 40 miles in 10 minutes. Only 10 minutes 

suffice for unpacking, setting up, demounting and 

re-packing the instrument. It produces 	- 
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. 	accuracies of 1 part In 300,000 ' ' 3 inches or 

greater by individual calibration. Users have 

obtained an accuracy of 1 in 5000 on lines 500 

to 1500 ft., I in 10,000 on lines 1500 ft. to 

I mile and I in 25000 on lines I to 40 miles. 

Federal Agencies, State Highway Engineers and 

Private Firms of America have reported 40 	-. 

saving In the cost of establishing horizontal 

control by using Tellurome te.rs. 

4.25 ceodimeterf  another electronic instrument 

developed for distance measurement, uses polarised 

light waves Instead of radio waves. The measure-

m.ent of distance by the Geodimeter is a function 

of time required by the light waves to travel 

from the transmitter to the target and back. 

The time Is measured electronically . as in the 

Teillrometer. 	But this equipment is heavy and 

bulky. 	Moreover it can only be used at night 

0 	and in total darkness for long lines. Even 

twilight or moonlight precludes the polarised 

light waves used by Geo dimeters. Rain, mist 

or fog also can block the line and prevent work. 

Due to all these disadvantages, the instrument 

has not become very popular.  

4.26 The latest addition to the Tellurometer 

family is the } ydro-Dist. and the Aero--Dist. (6) . 
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The Hydro-Dist. introduces a technique for 

measuring distances across water from shore 

stations to points on the water. The Aero--

Dist. is the new airborne Tellurometer system. 

This can be used for distance measurement by 

the "line crossing" technique. It fills the 

gap between the Tellurometer-Mio.ro Distancer 

and the Hiran system and has an operating range 

of from 40 to 150 miles. (it is to be noted that 

the lower limit of the Hiran system is about 

100 miles.) 

4,27 All the distances measured. by the electronic 

.instruments are direct distances between the 

transmitter and receivers.. As the elevations 

of points from the sea level m i be different, 

the distances may be inclined. They have to 
be reduced to surface distance. ,Reference is 

made to Clark (10) (vide sketch Noss) . 

4.28 Ithe figure if A and C be two points, the 

distance between which is being measured say L, 

and if their elevations from sea level be h, 

and 	and if o be the centre of the earth and 

R the radius, then the chord length EP - K, say s  
then 

EF ar K 	LL — ( h2 —  h][ L  
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• and the required are length EP will be 

24-R 	4O 
3 	 S 

If the slant distance is to be converted 

to geodetic distance, tables can be used giving 

are distances at sea levels from recorded time 

of transmission; or else It :can be calculated 

from one of the many formulae. As an example 

(10) assuming arbitrary callb at on velocity 

186,218 miles, 

A 	+ i1. +
o-Z477X   

l Og  M ` 	108 	M 	1 o8 M 

where 

A 	slant distance minus are distance In 
miles. 

M = approxim to are distance in miles 
(say recorded slant distance, true 

slant distance, chord distance or 
are distance). 

H = Height of station, the distance of 
which I e required above sea level. 

h = height of ground station , above sea 
level. 

4.29 Up till now we have studied the equipment 

and methods for the laying of horizontal ground 

control. For providing vertical control, an 

instrument known as Terrain Profile or more 

commonly as Airborne Profile Recorder is used 

(5) . 	It helps us to determine the relative 

heights of ground points along the :flight line, 
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from the aircraft itself. 

4.30 The basic Airborne X'rof:ile Recorder system 

co*isists of the following six units (vide 

sketch No.6), viz. 

W. Console Assembly -- This assembly 

consists of an aluminium cabinet which contains 

a dual-pan recorder, timing circuits, monitor 

circuits, power supply circa it, and the operator's 

controls. 

(it) • Transmitter Receiver - This unit 

includes a microwave hybrid duplexer, crystal 

detector, magnetron and hydrogenthyratror pulse 

modulator, modealator driver stages,, high voltage 

power supply, and five stage video amplifier.. 

(iii.) 	a .emitter--receiver Mounting Tray 

This is a standard 4 point shock mount assembly. 

(iv). .inverter - A Jack and Heintz P16--4 
inverter is used. It is capable of converting 
the aircraft's 28 V.D.C. supply to closely regu-

lated 400 cps 115-V alternating current which is 

used for the power supply and for servo-motor 
excitation. 

(v) . Hy psometer Head - This is a cylindri-

cal glass-lined con  container partly filled with 

toluene. It includes a thermistor, resistor, 

condenser and electrical connectors for attach- 
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ing the cables to the back panel of the console 

and to the static lines of the aircraft. 

(vi). Antenna Assembly - This assembly con-

sists of a double dipole in a parabolic reflector. 

The antenna is fed from a Type RG-52/tT wave-guide 

which terminates in a choke coupling. 

4.31 The Air. borne Profile Recorder as a whole 

consists of two distinct measurin4systeme, namely 

a highly accurate radar altimeter to measure - 

terrain clearance and a sensitive pressure-altimeter 

to measure variations from level flight. The 

terrain clearance as measured by the radar - 

altimeter and the terrain as provided by the 

difference between. the radar and pressure alts-- 

meter readings are simultaneously and continuous-

ly recorded on a paper chart in the instrument. 

The clearance record is used to determine the 

photographic scale; the profile record provides 

vertical control for topographic purposes. The 

record data are correlated to geographic posi-

tions by using simultaneous vertical mapping 

photography. 

4.32 Thus it is possible to provide the vertical 

control on photographic missions, in areas where 

it is impracticable or at times impossible to 

adopt around survey methods for control. This 
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method proves economical both in time and - 

money'., 

4.33 The recorder under proper use, both in 

flying and data reduction, can be considered a 

first order surveying instrument to obtain ver-

tical control for all types of mapping and 
charting. 

4.34 In the test conducted by the Lockheed 

Aircraft Corporation for Wright Air Development 

Centre (5) ,- with altitude 3000 ft. over terrain, 

which progressed from flat to rolling to 	- 

mountainous on maps with large scale - 10 feet 

contours.,. American National Standard Accuracy 

Maps - the elevations were correct within 

2.5 ft. 

4.35 It is also found that the recorder gives 

most accurate results for photography with a 

flying height varying between 6000 ft. to -

10,000 ft. 

4.36 By proper use of the auxiliary date such 

asweather, altitude, etc. recorded at the same 

time as of the readings, the relative height of 

points can be established within sufficient - 

accuracy for 1/50,000 mapping and under optimum 

conditions for 1/25000 mapping. 



49. 

. 4.37 Before concluding this chapter we shall re-

capitulate the benefits of using electronic in-

struments for establishing the ground' control. 

They are greater accuracy, economy of time and 

money and efficient in conditions wherein other 

methods fail. 	We are no doubt very much - 

advanced now in the methods of laying horizontal 

control. But for vertical control werstill do 

not have instruments that can give us the height 

differences between two points on the ground 

keeping the instrument at any one of them. In 

future, such instruments will definitely be 

available which then can be used in ground sur-

veying also. It may involve measurements of 

vertical_ angles to a higher degree of accuracy 

and of the direct distance, by electronic means. 
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OHAPTB 5 

ELECTRONICS 
IN PLANNING AND EXECUTION OF PHOTOPLIGHTS. 

5.1 In this chapter we will go 'through the use 

of electronics in planning and execution of our 

flights conducted for photographic missions. 

The part concerned with the actual photography will 

be dealt with In the next chapter. 

5.2 The success of a photoflight solely depends 

onIts proper planning. This includes choosing 

the proper day s  time, equipment including the 

type of aircraft, and pre-determination of the 
flying height, speed, etc. It will be interest-

Ing to know how electronics has crept into this 

field also. 

5.3 As regards choosing the time and day, we have 

to totally depend on the weather bulletins publish--
ed.  by the Weather Forecast Bureau, as is done for 

any flight. In our planning we decide the speed, 

flying height, flight line, spacing, etc. as 

said before. All these are decided from the 

type of camera, the scale of mapping, accuracy 
required; but the conditions existing in the field 

are many a times not favourable for our work. 

The effect of clouds is considerable. It is 
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. 	quite difficult to anticipate the cloud height 

much in advance. 	The electronic instrument 

used for this purpose is the Ceilometer (19), 

also called the Cloud Height Indicator (vide 

sketch No.?). 

5.4 This instrument can measure the height of 
the clouds from the ground upto about 10,000 ft. 
A light team from the search light is reflected 

by the clouds and Is received by a photocell 

placed at a known horizontal dis -a:ance from the 

search light.  Ei th.er the light or the photo-

cell is rotated through an angle of 90 g . The 
cloud height is calculated by simple tr an ;ula-

tion using the angle at which the reflection from 

the cloud is received and a known base line. 

The light source is modulated by a rotating 

shutter and the photocell operated in conjunc-

tion with a filter and tuned amplifier to die-

criminate against the ambient light. The cello-
meter scans the cloud 10 times per minute. The 

instrument along with other accessories is used 

to analyse the cloud data for meteorological 

purposes. It can also measure the thickness 

of the clouds. Other weather instruments used 

for forecasting the weather have been omitted 

here although their value to photogrammetry, 
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even if indirect, is not negli ;ible. When 

the aircraft takes off and starts flying — 

electronics plays an important role in helping 

the crew to man the aircraft. We will see now 

how it does. 

5.5 The radar installed on the aircraft - 

presents a picture of the weather conditions 

for the next few miles. As soon as the photo--

graphr. be;  ina all the flying has to be manually 

controlled. Excepting during the take off and 

landing operations and piloting at the time of 

actual photography, the pilots and the crew can 

take rest or relax say, by switching over to the 

autopilot control. Even when the flight lines 

are quite long$, the autopilot cannot be used at 

the time of photography as it is not capable of 

correcting very minute changes In the flight 

direction (lees than 3 degrees) etc., and also 

is not capable of controlling the drift of the 

aircraft. The autopilot works on servomecha-

nism, When there is a small change in the 

element for which the autopilot is set, a small 

current is generated in the mechanism, which 

works the servometer and provided the necessary 

correction. When the changes are too small, 

such as a change of a few minutes of an are in 



the direction, the current generated will be too 

feeble and incapable of working the aervometer. 

In pho tof lights we cannot allow any irregulari-

ties of this type. In general flying navigation 

is very much aiaed by modern instruments, though 

the sextant is still used for getting the astro-

nomical fixes along with the equipment like the 

radio compass, Decca and other navigator systems. 

The Decca navigator system isalready described in 

the last chapter. Here we will see how it can 

be used for Navigation (14) . 

5.6 One of the principal functions of a radio 

aid to a survey is that of tracking on  controlling 

straight and parallel flight lines. Visual 

methods have to be resorted to, only under pecu-

liar conditions like flying over undeveloped 

terrain• and for large scale mapping where a small 

mistake In tracking may result in missing the 

object of photography and consequently In a very 

heavy wastage of survey effort. Depending on 

the scale of mapping, the maximum permissible 

deviation from the wanted track may range from 

about :- 300 yards to ±30 yards.. 

5.7 The two methods of Decca tracking can be 

used with advantage to fulfil our needs under 

normal conditions. They are : 
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Sketch No.8  

Straight Line Tracking 
on Decca System. 
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Sketch No .9 — 
Horning method of Tracking 

on 1?ecca System 
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(1) Straight line tracking 
(vide sketch No.8) 

(2) Homing method of tracking 
(vide sketch No .9 ) 

5.8 in the straight line method of tracking, 

Straight flight lines of any desired orienta-

tions can be flown by Decoa, trrGspective of 

the disposition of the hyperbolic patterns in 

the area to be surveyed. The method Involves 

drawing the direct flight lines on a Deena Chart 

and keep the course along them with reference to 

a series of Decca fixes plotted on the same chart. 

The fixes are obtained either by manual plotting 

or by means of the flight log. In the manual 

plotting, an observer passes- course corrections 

to the pilot on the interphone system and in the 

latter case, the flight log system which is - 

housed on the dashboard does the work. The 

latter assures a higher standard of plotting as 

• Its operation is continuous. 	It saves the crew 

efforts and gives a full record throughout the 

flight. The manual method needs minimum equip-

ment and can generally be accepted on large 

plotting scales. The choice thus depends on 

various factors such as scale, installation space, 

crew potential, availability of equipment, etc. 
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5.9 In the homing method of tracking, v e use a 

decometer. - It is alre"dy said that each family 

of hyperbola generated by a pair of transmitting 

stations situated at he focal ,points, is made 

up of lines of equal phase difference. The 

decometer or phasemeter (vide sketch iio.10) is 

an Instrument in which a pointer rotates and 

Indicates the position of the plane, being at 

zero when we are on a hyperbolic position line. 

With a suitably positioned decometer installation, 

the pilot can maintain his course along such a 

line . It is thus possible to house the air-

craft along such a line or on fractional hyper-

bola by maintaining the decometer needle in any 

fixed position.. The lines though curved can be 

assumed to be etraight over small areas and, for 

large scales like 1/2500 etc. 

5.10 For ordinary navigation in case of general 

flying all information required for navigation 

can be plotted previously on the charts and 

fly#.n.g .s done with the help of flight logs or 

small scale track graphs. 

5.11 The homing method is more accurate as 

compared to the straight tracking method. Results 

show only 20 yards off track flying at a scale of 

1/2500 and flight line spacing of 200 yards. 

r 
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Sketch No.11 
Beams of Radio t.aves as radiated 

In Doppler System. 



61. 

5.12 The system commonly used these days and which 

finds favour with thelndians in particular is the 

Doppler system of navigation. 

5.13 Pig.11 shows an aircraft emitting two pencils 

of radiation downward which are reflected back to 

the aircraft. The Doppler principle states that 

when a source of radiation of frequency f.o..p.as 

and of wavelength ) one. moves towards an obser-

ver with a velocity of v ems. per second, the fre-

quency measured . by the observer is (f + v/X ) c.p.a. 

This change •i :-. frequency of v/X due to relative 

motion Is referred to as the Doppler frequency 

shift. 

5.14 The Doppler system radiates a pair of beams 

of radiowaves as shown in Pig.11. The difference 

between the emitted signal .frequency and the 	-~ 

received signal frequency from the forward and 

backward looking pair of radiation beams is 	- 

measured. This difference is porporttonal to 

the aircraft's ground speed. If we use four 

beams radiating symmetrically to the aircraft's 

axis, covering the ground in an x shaped pattern, 

the Doppler frequency shift -between from the two 

diagonal pairs of beams can be compared. If the 

frequency shifts differ the antenna radiating 

the beams is not aligned with the actual path 
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• being flown. This means the aircraft Is drifting. 

The frequency difference found on comj arieon io 

used to actuate a servo rechaniem which rotates 

the antenna aligning the radiated be ms with the 

actual patti being flown. The angle throw h which 

the antenna rotates is the angle of drift. Accura-

ales of 0.1' o have been obtained in the measurement 

of drift, angles on the Doppler systems. 	The 

i, portant advantage of the Doppler system is that 

all meaeurenients are made in the aircraft without 

any assistance from ground stations.. 

5.15 The Aorsa rviee Corpo  tian of ngland.  owns 

and operates the RADAR, a cornriercial model of Doppler 

System used for survey navigation. The Ridan 

consists of a trane,n tter, an antenna, a receiver, 

a gyrocompass and a special computer which deter-

mines eon inouafj the distance travelled as well 

an the lateral deviation from the prey-  selected 

track. All this inforiiation in avvilable in 

digital form to the pilot and the date compiler. 

These data are exactly those that are required 

for the photo;ramnetrie purpose. 

5.16 Experiments 	- .,) have Proved that dintance , 

accuracies within 0.2% or better can be obtained 

with Doppler navigation. This is well within 

photoagramre 4rio requiremente4 
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5.17  . In a test flight with Aero Services Radan, 

a 9 in. x 9 in. camera was triggered by the 

Doppler computer at equal intervals. The plane 

was flown along a straight railroad track. The 

actual exposure Intervals were then checked by 

photogramme trically measuring the ground die-. 

tance between the nadir points of the photo-

graphs. The maximum error was 9 ft. for a 

1500 ft. base i.e. 0.6. 

5.18 With the help of such accurate systems It 

will be very easy to reduce the side laps or 

lateral overlaps in the actual photography and 

the danger of leaving gaps due to poor naviga- 

tion will not at all exist.. 	This will help 

us reduce the number of flight . strips and ulti-

mately the total number of photographs. This 

will 'mean a lot of saving in the cost of photo-

graphy. If distance between successive ground 

stations Is accurately known as is given by 

Doppler computer, aerial bridging will be much 

easier. 

5.19 Doppler can be used at any altitude down 

to 400 ft. and at speeds upto about 105 knots. 

It ear also be used on turns with angles of 

bank upto 30°. 
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Sketch N0.12 

Loop Antenna 
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Sketch No.13 
Construction of the Radio Compass 
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5.20 Now we describe the radio compass (12) 

This instrument is used to find out the direc- 

tion of the signal being received. 	Certain 

stations from all over the world transmit a 

particular type of signal. The different 

stations and their particular signals are known 

to the operators of the wireless.. These sta-

tion signals give us the bearing of the. stations 

from which. it Is very easy. to plot: the position 

of the aircraft, by using simple geometry. 

5.21 The simplest type of radio compass Is the 

loop antenna (12). 	It consists of a coil, 

about 15 or 20 inches In diameter, of several 

turns of insulated wire; (vide sketch fo...12 & 

. 13) . 	The coil Is mounted on a shaft so that. 

it (the coil) may be turned In any, direction. 

The terminals of the coil are connected through 

a tuning 'circuit, to a vacuum tube amplifier 

leading to a pair of head-phones. This type 

of antenna receives the maximum signal when the 

plane of the Coll points towards the radio beacon 

and receives a zero signal when the plane of the 

coil is perpendicular to the intercepted radio 

wave. The first difficulty that arises in the 

application of this device is the "180 degrees 

ambiguity". With the use of this instrument 
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0 	we can fix the path of travel of the radio wave 

but cannot fix the direction definitely. In 

other words, on board an aircraft one could not 

tell whether the radio wave- from a particular 

radio beacon Is coming from east or west but 

can only say that their path of travel is east--

west. When employing the maximum response 

method one solution of this problem Involves 

the addition of a vertical antenna in the shaft 

of the loop antenna. 	The output of the vertical 

antenna may be combined or 'coupled' with the 

output of the loop antenna, so that the combined 

signal will be maximum when the radio waves come 

from the left, say. Then when the coil is — 

turned through 1800  the signal will be weaker. 

In this manner the path and the direction of the 

waves can be determined, by making this improve— 

merit. 	Under conditions of negligible local 

noise or static the direction of the radio beacon 

may be determined more accurately with the mini-

mum than with the maximum response. This is 

called the 'hull method" . 

5.22 On the aircraft the loop antenna is usually 

located underneath the fuselage and is turned 

from the cockpit. The effects of static due 

to higher speed are reduced by enclosing the 
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coil with a non-magnetic sheath containing a 

short circumferential airgap by housing the 

coil in a streamlined enclosure. With this 

equipment, the pilot of an airplane may either 

fix his position, aided by a compass, with res-

pect to two radio beacons on land or sea, or 

turn the loop antenna for maximum or minimum. 

response. 

5.23 These days most of the airports and modern 
aircraft too are provided with equipment for 

"blind landing'. The pilot in an airplane, 

arriving within a few miles from the airport,may 

make landing in the densest fog under the 

guidance of this equipment. For this a 	- 

visuaL 

 

visual radio compass points the way towards 

one of the runways at the airport., while another 

pointer informe the pilot whether he is flying 

over or below the radio beam which rises gra-

dually into the air from a radio beacon, loca-

ted at the far end of the runway. Approach 
markers at the end of the landing strip send 

up aural or visual signals when the aircraft 

crosses the outer boundary of the airport and 

when the aircraft crosses the approach end of 

the landing strip. Such systems have been so 

perfected as automatically to take over the 
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control of an aeroplane as it approaches the 

airport, fly it on 'on the beam' and land it 

without any assistance from the pilot. 

5.24 The radar altimeter which was referred to 

in the last chapter in the description of the 

Airborne Profile Recorder, Is another Important 

aid to navigation. It indicates the height 

of the aircraft above the ground point which 

lies directly below it. It works on the same 

principles as that of the radar and uses the 

microwaves. (Vide sketch No .14) . It helps the 

pilot to keep clear of the mountains which 

might In some places rise higher than the air-

craft level Itself.. 

5.25 All these instruments and devices aid 

the crew in carrying out their .jobs accurately; 

but the efficiency of the crew depends on their 

physical condition also. For this reason we 

have to make the condition in the aircraft more 

comfortable. 	The effect of high altitudes 

is reduction In atmospheric pressure and tern-

perature. Due to these, the crew gets exhaust-

ed very soon. In photoflights the pilots can- 

not switch over to the autopilot mechanism and 

have to man the plane themselves for a long 

time. This strain tells upon their performance. 
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In order to keep up their efficiency, the modern 

aircraft is pressurised and temperature-con-

trolled. We have in the beginning studied a 

few electronic control circuits. The same. 

type of circuits, with a few modifications are 

used for temperature and pressure control., 

Their details would -call for a separate and 

specialised study and that would be out of the 

scope of this dissertation. 

5.26 Now comes the problem of the safety of the 

aircraft. As the aircraft uses high octane 

petrol, there is always the danger `of the air-

craft catching fire. • When a fire breaks out 

In an aircraft engine it must be detected and 

quenched within a few seconds to avoid serious 

damage or possible loss of life. Moreover 

some survey flights cannot be repeated at will, 

for example the photography of an enemy tern-. 

Cory. The best care should therefore be - 

taken against possibilities of fire. The 

American National Bureau o.f Standards, has deve-
loped a reliable fast acting electronic fire 

detector (16) . The investigation which led to 

the invention was undertaken for the Wright 

Air Development Centre by W.F. Roeser and 

C.S. McCamy of the Bureau's Aire Protection 
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Laboratory. The details of the system are not 

available as this is still under experimenta- 

tion and is not yet in commercial use. But 

the principle was the outcome of the studies 

of the flame characteristics. The results 

brought out the difference between the charac-

teristics of the flame and those of the sunlight, 

lightening, gunfire or beacons. On the basis 

of these a detector was designed for detecting 

the occurence of fire alone. 

5.27 Other electronic detectors working on ~- 

similar prinpiples are provided for other 

purposes and a panel with Indicator lights assures 

the proper working of different Instruments and 

machinery. 

5.28 All these aids ensure accurate and safe 

flying, which to the basic requirement for carry-

ing out the main part of photogrammetric work 

namely the photography. The instruments also 

help us to reduce the number of personnel re- 

quired for flights. Flying is quite safe in 

peace times but in war times during recon-- 

naisance flights over enemy areas the life of 

the whole crew is at stake. At present we need 

the pilot at least. We should try In future 

to exclude the pilot even, for such flights by 
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adapting remote control mechanism. This is 

definitely within realisation. When we can 

launch satelites in space and even bring them 

back to earth the problem of pilotless survey 

flights is one, the solution of which Is not 

distant in the future 
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CHAPTER 6 

ELECTRONIC PHOTOGRAPHY AND PROCESSING 
FOR PRINTS. 

6.1 As emphasized in the last chapter, the 

taking of photographs is no doubt the work of 

vital Importance in photogramm.etrys In fact 

the term photogrammetry has been derived from 

the word photography. Without an accurate 

and clear photography, accurate mapping can 

never be possible. By a clear photograph we 

mean a photograph of uniform density between 

0..3 to 1.5 giving an Image which is sharp and 

well defined and having a resolution of — 

20 lines/ems, or better. Now in this chapter 

we will see how instrumentation in the process— 

ing field has helped us to'achieve good results. r 

6.2 The quality of the photographs depends 

largely on the type of the camera used. The 

lens is the main part and must be,  very properly 

designed. The American Bureau of Standards 

has developed a computer routine to assist in 

the design of optical lenses. The method 

called Lenstar was developed by D.C. Friedman 

of the Data Processing System Laboratory. 
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II 
	6.3 This routine was developed to locate the 

plane of best focus for a lens after the 

initial part of the problem has been run on a 

computer. The computer 'traces the rays 

through a lens to produce a set of punched 

cards giving the co-ordinates of the ray at six 

chosen planes behind the lens. The references 

planes are to bracket the expected plane of 

best focus. At this stage the Lenstar pro-

gramme can help us to determine the location 

of the optimum image plane which may lie some-

where between two computed reference planes. 

Choice of the optimum plane is usually a matter 

of human judgment, since no lens can produce 

a perfect Image. Lenatar however makes It 

possible for the lens designer to select what 

seems to him the best of several Images after 

actual visual comparison. 

6.4  As the different objects In an image possess 

different hues in a wide diversity, a particular 

film filter combination will not be efficient 

for adequately separating the different objects. 

So the type of the film filter combination to be 

used will have to be determined with reference 

to the hues of the objects of primary interest 

in the image. A choice of film filter combi- 
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• nation all too often has had to depend upon the 

guess work as to the special reflectance proper-

ties of the subjects to be photographed. Pre-

sent practice makes use of about eight film 

filter combinations of which several are 

sensitive In the same general spectral region. 

The Perkin Elmer Corporation have built a 

"portable reflectance spectrometer" (4) . Its 

major components are largely production items. 

The motor generator set, for instance, consists 

of a standard two cycle .air cooled gasoline 

engine coupled with an electric generator. 

The lamp is a high pressure Zenon arc lamp. 

Other parts are, signal amplifier, recorder and 

recorder amplifier, the photo-multiplier, high 

voltage source, the wave length drive motor, etc. 

6.5 Now, we may examine how electronics has 

helped- making better aerial cameras and their 

accessories. Since long wechave started the 

use of the automatic cameras. They are all 

electrically operated. The exposure and re- 

winding of films, and even the change of film 

magazines are done~electrically (9).  

6.6 The control for the automatic operation 

of cameras consists of a small box fitted in the 

operator's cockpit showing four dials and push 
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C7 
	 buttdns as follows :- 

(1) Turning button to set apparatus in 
motion. 

(2) Indicator lamp showing whether the 
shutter Is being wound and when set 
ready for exposure. 

(3) A counter showing the number of ex-
posures made. 

(4) A timing switch with two hands, One 
hand is set by a turning knob by the 
.operator to the time interval ' of ex-
posure required, whilst the second 
operates on electric clockwork mechd-
nism., Indicating the number of seconds 
between exposure* When both coincide 
in position, a contact is made and an 
electric motor works and operates the 
shutter. 

(5) A push button enables the exposure to 
be made whenever required and dos not 
interfere with the automatic operation 
of the camera by the tire. switch. 

A motor also operates the camera gear box to 

effect the winding of film. In many cameras,, 
a protective device is also provided so that in 

case of a jam the device slips and prevents 

mechanical damage to the parts of the camera. 

Another motor is provided which effects the -• 

change of magazines. All these devices work on 

the electric supply from the aircraft and use 

is made of transformers for voltage adjustments. 

6.7 These devices relieve the operator of many 

of his responsibilities and makes him free to 

attend to other jobs like guiding the pilot to 
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follow the pre—determined path, determine the 

crab and orient the camera properly, start and 

stop the taking of exposure, adjust the overlap, 

if required, etc., by observing the view finder. 

The control e-.n ctlso be connected with signal 

lamps rrr aged so that both pilot and cameraman 

can observe the instant of exposure. 	The de- 

vice of the signal. is also used for giving a 

warning, bbfore an exposure is made, so that 

the pilot canlevel off and the cameraman can 
level up his camera. Thus the signal apparatus 

can be utilised for bringing about better team-

work between the pilot and the cameraman. 

(This is regarding an 'Eagle' camera & Other 

cameras may have a slightly different arrange-

ment but the principle is the same in all 

cases,) 

6.8 It is a fact that the aircraft can never 

be kept perfectly horizontal. A very small 

amount of tip and tilt is always present. This 

is considered negligible in general flying; but 

the needs for photogrammetry are of a very high 

precision. In the past many types of mounts 

have been designed for the camera. The latest 

. fully automatic mounts are remote controlled 

and can thus be placed even in an Inaccessible 
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Sketch No.15 
%iIer .Devjc;e to overcome 

Image—mo tion. 

79 
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place. As an example, an aircraft doing 

reconnaissance work over enemy territory can 

mount the camera in the bomb bay or on .-a wing. 

The remote controlled mechanism can do away 

with a cameraman. Such aircraft muq- be able 

-to climb out of range of anti-aircraft fire 
quickly and to fly fast enough to outrun enemy 

airplanes. This - calls for reduction of un-

necessary weight.. With the automatic camera 

mounts, the aircraft can be stripped of all 

excess weight, such as armament and the weight 

of a cameraman, to give it its maximum eth-

ciency. 

6.9 The reconnaissance planes need high speeds. 

As a4 resift .of this, the image shows what is 

known as the 'image movement'. So the image 

.rregulari.ties present a problem. 	To reduce 

the irregularities we1use the best ,available 

shutter mechanisms and reduce the exposure time. 

But certain amount of Image movement ,does show. 

To overcome this, a mechanical panning system 

was developed by the U7. S. Navy personnel of 

Experimental Project Branch Overhaul and Repair, 

California., ar_d was named the .'Wiggler' (vide 

sketch No.15). It is meant for use with the 

conventional serial cameras that are flown in 

2392 
kiUS Ki-F 
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• jet aircraft (2) . It acoamplinhes Image move-

ment compensation through camera oscillation, 

which was formerly manually done in the old 

panning system first tried by Mr. Losee. The 

panning . system ias one of the simplest methods ds 

for etopping-  ittage r .ovgr rit. 	In the panning- 

sye em the camera was moved along with the moving 

object and the p! tore was snapped when the 

direra and the image In the view- finder appeared 

to be moving ing as t the same speed. This method 

was first tried by Mr. Losee when taking verti-

cal photographs of timber in Canada ' for the 

purpose of inventory. The eacceos of this 

method entirely depended on the operator a skill. 

In * 7i filer' system the pilot has complete con-

trol over the instrument for the varying alti-

tudes and ground speeds.. In operation an 

electrical impulse energizes a drove, motor in 

the ' =iggler$  which caaillatee the caaera. 

The Planning .ctha4 needed an operator and kept 

him busy ftroug i the flight, whereas the 

' Yiggler' is operated by the -pilot himself and 

he does not have to look after it once he sets 

It on. Of all the systems devised to ovex-

come Image movement, the ' ►3iggler' has proved 

to be the least expensive and t e of pies t to 
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build and maintain. 

6.10 All these developments are very interest-

ing but we are still left with the major problem 

of getting more accurate information on the 

negative and of being able to reproduced this 

inform tlon  in the photographic print or plate 

In such a form as to increase the accuracy and 

speed of measurement. The devices that have 

been discussed up till noW have assured us of 

a t good' latent images on the film. Now we 

have to get accurate negatives and prints from 

them. A negative is the basis of all our work. 

Any deformations or defects in the nagative 

cannot be corrected and the only solution that 

rer ains., In case we come up with bad negatives 

is to do the photography again which involves 

great loss of time, labour and finance. Fur-

ther, even after getting a good negative if 

the prints do not record the maximum details 

• to utmost accuracy, the whole plotting will 

be affected and inaccurate maps will be the 

result. It is beyond doubt that in every stage, 

printing, reduction or enlargement, etc. there 

is definite loss of detail. This increases 

our responsibility still more. To ensure 

a very careful and efficient treatment of the 

b 
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Sketch No.16 

Film Developing Outfit. 
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Sketch to17 

Film Dryer. 
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negatives and prints, it is advisable to ex-

elude human element and work with the electro-

nic equipment. We will study the equipment 

now. 

611 The  electric film developing outfit con-

sists of three metal tanks, a removable twin 

processing assembly with re-wind mechanism and 

the clip-on auto-reversing electric motor drive 

(vide sketch No.16) . 	The three tanks are of 

nesting type, one each for developing, fixing 

and washing. They are -provided with drains 

at the bottom. A special attachment permits 

winding the exposed film directly from the take 

up spool of the magazine to the reel assembly. 

The reels can . take 400 ft. of film 9" wide. 
The upper part of the reel assembly accommodates 

the re-wind mechanism. An electric motor drive 

Is built into a watertight encasement 	Hand 

cranks are also provided to operate in case of 

electricity failure. The speed is controlled 

by a rotary resistance. This permits uniform 

action of the developer solutions on the film 

irrespective of its length. 

6.12 The wet film has -then to be dried. 	This 

is done on an electric dryer (vide sketch. No .17) . 

It comprises a plastic drain tank from where 



S 

bietcii No.18 

Contact Printer. 
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film is led to the drying drum with emulsion 

Inward. A nozzle gives out compressed air 

from an electric compressor and blows out water 

drops. The interior of this drying drum 

features a radial blower. Fresh air drawn by 

the blower passes through a filter and an . - 

electric heater where it can be preheated for 

fast work. A thermostat controls its tempe- 

rature to a desired value. A red signal lamp 

is provided to indicate that the heater is on. 

The sense of advance of the film can also be 

reversed by means of a switch,, A safety ove - 

load clutch stops the motion in case the take 

up reel gets overloaded. It processes a g" 

wide film, 400 ft. length in 2 hours at normal 

temperature and 45 humidity. 

6.13 Then the dried rolls go for printing. Here 

a big lamp bank helps us give an Illumination as 

is described, (.vide sketch No.18). 	It takes a 

film 12"x 12". The timer can be set from 0.1 
to 6 seconds or I to 60 seconds. The procedure 
.e • 

(1) Check the negative material In special 

bulbs provided. 

(2) Preparation for exposure by putting on 

the necessary lamps. 

(3) Exposure. 



Sketch Igo .19 

Block Schematic Diagramm of the 
Electronic 2rinter. 
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. 	6.14 The electric dark room equipment discussed 

above is of great use. Mechanical damages like 

scratches, deformations on account of excessive 

strains, dust precipitations during the drying-

process are carefully avoided. This guarantees 

clean films and assures convenient and safe - 

working. The operations are more reliable, 

time saving and simple. 

6.15 It is rather unfortunate that even with the 

present day printing material, we are not able 

to get all the details of good negative in one 

print without some lose of _detail in bright 

light and shadows. It to also unfortunate that 

the shadow detail - is generally of a much lower 

contrast. Even with the 'good negative', It 

is still necessary to resort to some form of 

shading during the printing process. A good 

negative exhibits uniform contrast, sharp and 

well defined images, resolution,-: of 40 lines mm. 

The best available means of contrast control 

is the electronic contact printer (8) . 	The 

principle involved was first used in the pro-

duction of television pictures. Then in 1949 

Simmons in the U ::ted States first adopted the 

principle in photographic process (vide sketch 

No.19) . 
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6.16 In the electrical printer, the light source 

is a cathode ray tube which produces a small spot 
of light due to the bombardment of a phosphor 

screen by an electron beam. The intensity of 

this spot light can be varied by the applica-

tion of a modulating voltage to one of the con- 

trol electrodes. 	This spet,-is made to scan an 

area of the- face of the tube in a series of 

lines by applying suitable deflecting wave--forms 

to the cathode ray tube. The light from this 

scanning spot is projected on to the negative 

and paper, at a suitable magnification, so that 

each small area of the paper receives a brief 

exposure each time the spot scans the negative. 

The light in diffused by passage through the 

paper and is then collected by a photocell placed 

some distance from the back of the paper. The 

voltage generated by the photocell is of course 

inversely porportional to the mean density over 

the area covered by the spot and after suitable 

magnification is fed back to the cathode ray 

tube in such a way as to reduce the intensity 

of the spot as lower density areas are scanned. 

By controlling the1amount of amplification of 

the photocell voltage., it is possible to vary 

the amount of feedback and the density in the 
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negative can be reduced to any desired value. 

This is important as we photogrammetrists say 

that we should always try to work in the straight 

line region ofthe characteristic curve for 

every film. When a photographic emulsion Is 

exposed In a sensitometer and the densities 

obtained after" development are plotted against 

logarithms of exposure a curve is produced 

which is called a characteristic curve. Pig. 

.0 shows a typical characteristic curve.. In 

the straight line region the exposure varies 

directly as density and as a result a. •linear 

relationship is maintained between the logs of 

image brightness and the corresponding densities. 

If the density is different and the difference 

be too much, then a uniform exposure to the whole 

of the photograph will over-expose some portion 

and under-expose some portion of each such 

photograph. Generally under--exposed portions 

show low contrast and lose some shadow details 

while over-exposed portions are dense and may 
lack in highlight: details. As we keep very 

short shutter opening to reduce the image move-

merit, we have to use fast films. Fog is more 

in fast films than in slow films. The fog raises 

the general density and hence the graininess of 
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the image and reduces contrast in the darker 

tones of the su.b j ect. 	An electronic priii ter 

helps to achieve better resolution, uniform 

density and better contrast from even a bad 

negative. 	This isvvery important as the cost 

of aerial photography and the amount of labour 

put in for the same Is very high and it is 

very di 'icult to re-photograph an area in 
case the photography is below the standard. 

With the help of electronic printers, we will 

be able to enhance the detail and thus be able 

to obtain, good results from slightly bad 

photography. One difficult problem is thus 

solved, 

6.17 The more difficult problem we have to face 

is verticality. With all the modern equip-
ment it is practically impossible to avoid a 

very small deviation fro . verticality. By 

the modern -gyroseopia-  oontrols It is eventually 

possible to confine the amount of tilt to 

about 15 minutes. 

6.18 The effect of tilt is most noticeable 

where elevation data are determined from aerial 

photographs. Even planimetric maps of flat 

terrain cannot be traced from aerial photographs 
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lb 	without making some adjustment for the effect 

of tilt. 

6.19 The scale of tilted photograph changes in 

a regular manner through the picture. If the 

scale near the centre is correct -then the scale 

is smaller on the side that is tilted upward 

and bigger on the side tilted downward. 

6.20 The tilt also causes image displacements. 

Due to the tilt Images are displaced radially 

towards the isoeentre on the lowerside and away 

from the i.socentre on the upper side. Along 

the axis of tilt there is no displacement 

relative to an equi.valer.t untilted photograph.  

6.21 Because of the change In scale and d ,s-F 

placement of images, the shapes of areas on 

tilted photographs are not similar to the  

corresponding shapes tin th,map or an equivalent 

untilted photograph. Thus in laying mosaics 

areas near the edge of one photograph will not 

have the same size and shape as on an adjoining 

photograph. In graphic compilation of map 

detaIls from photographs, a photogrammetrist is 

restricted to tracing images near the centres 

of photographs where Image displacement and 

scale differences are small. 
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6.22 In radial plotting ve assume that the angles 

subtended by the photogzaphic -Images at the -- 

radial centre are equal to the corresponding 

angles on the 	in.d. 	ahis bolus , ood in 

case of vortical photographs only, where the 

princIpal point which In also the nadir to 

used as the cent!rc. 	In case of flat terrains, 

the isocentre can be used as radial centre for 

tilted photographs also. Iellef when present 

also causes irnage displacement as the scale 

change e due 'to relief, These displace -ents . 

are radial from the nadir,. Dieplacc .ents due 

to tilt and due to relief are entirely In-

dependent., SO in the case of radial plo tting 

from tiito i photographs of a terrain pith 

relief neither the nadir nor the 1socentre can 

be chosen as .radial. Centre and radial plotting  
can only be accomplished after duly rectifying 

the photographs. 

6.23 tilt -thus poses a serious problem. The 

modern plotting nchinos can deal with tilted 

photographs for the purpose of plottin :. 

Rectification (which to dealt vilth In the next 

chapter) also helps us to reduce these errors 

to a certain extent. For getting exact values 
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of tilt--deformation the tilt has to be calcu- 

late r. 	Calculation of tilt deformations is 

an uphill task. These calculations are too 

difficult and time consuming to be undertaken 

without the help of modern electronic corputers. 

6.24 In the forthcoming years, no pains should 

be spared to find methods for taking absolutely 

vertical pho togz'aphs or atleas t for r measuring 

the tilt accurately at the time of exposure. 

The angle at the air station subtended by the 

principal point and the nadir point gives us 

the amount and the di,reetion of the resultant 

tilt. So if we can accurately records the nadir 

along with the principal point on the photo-

araph at the time of photography, calculation 

of tilt will be much simpler and radial plotting 

or mosaicing will be much. facil..itated. 
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CHAPTER 7. 

ELECTRONICS• IN RECTIFICATION, AUTOMATIC PLOTTING 
I.1 ~ 

AT D MA=.' 0021WILA`. I ~. 

Plotting anti. printing are the last stages 

of the work in ph©togramunetry for mapping. 

`dapping from photographs is equally accurate 

and very much quicker in comparison with 

mapping by ordinary survey methods, if proper 

pho togrammetric equipment is used and proper 

care is taken. 

7.2 it is a well accepted fact that no aerial 

photographs can be truly vertical but are only 

nearly vertical. For converting a tilted 

photograph into one having no tilt a photo-

graphic procedure called Rectification is 

adopted. A photograph that is reproduced 

by ' rec tifica Lion ire aquivalent geometrically 

only to one taken from the original camera 

station with the lens axis directed in a — 

different direction. 	If we have to effect 

any change In the scale also a camera having 

a different focal length can be used for recti- 

fication. 
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7.3 Photographs are very commonly used for 

preparing mosaics and photomaps.. A con-

trolled mosaic or photomap is necessarily 

restituted for scale., tilt, etc. ; hence it 

needs rectified prints. For drawing contours 

or determining spot heights from photographs 

by simple methods, like parallax bar method, 

if a rectified photograph Is used, no 	- 

corrections for tilt deformations are needed 

and the work becomes simpler. In case of 

providing control by graphical methods like the 

radial lino method or the slotted templet method, 

the accuracy increases considerably, if recta-

fled photographs are used. This proves the 

importance of rectification in photogrammetry. 

The Zeiss Auto tic Rectifier. SBG-V is des-
cribed below. 

7.4 The Zeiss .Auto-focussing Rectifier SEGV 
is fully automatic and has a vanishing point 

control (23) . Fig.21 shows the details of its 

construction.. In a normal rectifier he condi-
tiono to be satlofled are as below :- 

(j)  Distance condition - that the product 

of the distance of the Image plane and 

that of the projection plane, must 
equal the square of the effective 
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focal length. This is known as the 

Newton's .liens equation. 

(ii) Schiempflug condition -- that the lens 

plane, the image plane and the plane 

of projection must intersect in one 

common line. 

In addition the : Et V ea ti si ie s the 	.- 

vanishing point condition which says l'contrary 

to the condition prevaiiin ; at the moment of 

exposure, the optical axis of the rectifying 

lens is not at right angles to the :image plane. 

Furthermore t . P oval length of the taking 

camera will not usually be identical with that 

of the projection lens. Therefore the 	- 

rectifying pencil of rays will not he con-

gruent with the taking pencils of rays In the 

camera". 	In order to satisfy thi$ condition 

the aerial photograph has to be displaced by 

a certain distance with reference to the opti-

cal axis at the rectifier. In the automatic 

rectifier all these are automatically satis-

fied without any delay. The distance con- 

di tion is satisfied by means of a care. 	- 
inversor. By means of the pedal disc, the 

lens carriage Is moved in a vertical direction 

by gears and lead screw. At the same time 
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• the negative carrier and illumination system 

are set in accordance with the distance con-

ctitlon by means of a contact on the inversor 

cam. The Schiempflug condition is satisfied 

by a special carpentier inversor based on the 

principle of gnomonic reciprocal projection. 

The vanishing point condition is satisfied by 

extensive use of electronic means. In 	-- 

accordance with the enlar ement ratio and the 

two tilts as well as the respective focal 

length of the aerial camera, potentiometer 

contacts are set mechanically in conformity 

with certain mathematical relations. 	The 

respective bridge connections would be 

balanced i.e. null if the potentiometer con-

tacts dX and di. viz, the displacement to be 

given to the negative carrier, were correctly 

bet. As long as this is not the case, an 

electrical current continues to flow through 

an electronic amplifier and i : used for driving 

servomotors which displace the cross-slides of 

the negative carrier until a balance in voltage 

has been reached. By this method the vanish-

ing point condition is satisfied automatically. 

This Instrument is very accurate, convenient 

for the operators to work and also saves a lot 
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0 	of time. 

7.5 As seen above the pre:ient optical recti-

fiers do perform a satisfactory transformation 

of the oblique copy to a rectified. print. 	In 

order to handle a complete range of photo- 

rap.h.s from various cameras and the tilt angles 

and scales involved, a large number of recti-

fiers Is required for any complete installation. 

:Moreover unusually long focai length cameras 

require a special rectifier for high tilt angles. 

7.6 Captain Ross of Rome Air Development Centre, 

New York and Dr.. Lavine of Fair--Child G-raphic 

Equipment, New York, have brought out the design 

of a Universal Photogra,nmetr c Electronic 	- 

Iiec;tifler. 	The very fact that it can accept 

Photo ,raphs fro i callneras of all focal lengths 

and all tilt anglo3 an.d give rectified prints 

; oes to show that electronic me Lhod2 increase 

the r .n o and the efficiency of the rectifiers. 

7.7 in the meantime a copy is placed on the 
transparent cylindrical copy carriage at the 

left of the machine with the principal line 

parallel ::o `the axis of the copy carriage. - The 

transparency is illuminated by curved blue 

flourescent tube underneath the copy carriage. 

Scanning is accomplished by an oesillating 
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mirror placed above and on the axis of the 

copy holder. As the oscillating mirror scans 

a line, the copy carriage advances and thus 

the entire photograph is scanned line by line. 

A lens focuses the copy image on an aparture 

plate in front of a photo multiplier tube and 

the light energy Is converted into an electro-

nic signal. An amplifier modifies the signal 

as r:-€~uired. 	The greater theamount of light 

passing through. the copy at any given point, 

the greater will be electrical signal output 

from the photo--rnul cipl_i^r.. 	The si6n.al actuates 

an ultrasonic light modulator mounted on a 

carriage, which moves parallel to the axis of a. 

recording cylinder where a photo sensitive 

paper is exposed to give a rectified print. 

7.8 The deigxi specific .tions of the Universal 

Electronic Rectifier are as below :-- 

i)  Camera focal length 3" to 	100,1 

ii)  Tilt angles 00 to 	800 

iii)  Tip angles 00 to 	150 

iv) Resolution 	 500 lines per inch. 

v) Copy size up to 	 9" x 3 8" 

vi) Maximum reproduction size 36" x 46" 

VII) Chan.~e of scale range 1/3 to 3 times 

viii) Recording material - Standard photographic 
paper. 
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7*9 Because of the accelerated development of 

he parts of the earth the demand for maps of 

all scales is increasing considerably. During 

the mapping a terrain a photogrammetrist has 

often to satisfy a number of conditions that 

may be contradictory such as a maximum pre-

cision, completeness and speed at minimum cost. 

Precision can be Increased by increasing the 

density of control. Completeness and speed 

can be increased by enlarging the scale of 

photography. This ultimately increases the 

cost. 

7.10 Horizontal and vertical control can be 

provided by ground survey methods. Plan :-

metric position of control points Is fixed by 

triangulation and the heights by levelling. 

The accuracy of this control is one of the 

factors upon which the accuracy of the final 

map depends. 

7.11 When we are concerned only with plant-

metric details we can use the graphical methods 

of aerial Triangulation such as radial line 

method or slotted templet method. In these 

methods we plot on a grid, the points the 

co—ordinates of which are known.. 	Those are 

used for the restitution of scale. The posi- 
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• 	tions of points chosen as pass points and the 

photoprincipal points are then fixed by graphi-

cal procedures and they render a network of 

triangles which is used as a control network 

for plotting of planimetry. If spot heights 

and contours are also required from the photo-
graphs, then we have to use spatial methods., 

7.12 For the purpose of plotting, determining 

spot heights and contouring from a stereoscopic 

pair of photographs, the minimum requirement 

is fire points of known elevation and position 

so that corrections for most of the errors, 

such as errors due to tilt, film defects, etc. 

can be made. When we have to do 'mapping of 

a big area, we photograph the area in strips. 

Normally we do not have five control points 

in every overlap. In order to facilitate 

accurate plotting and contouring we have to 

supply'a control to each overlap. For this 

the available control Is extended to the area 

where little or no control exists. When we 

have control available at the ends of the strip 

and extend it to the portion in between, the 

method of extension Is called "bridging". 

When control is available only at one end and 

is extended, the method of extension is known 
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as the cantilever method. 

7.13 Until fairly recently the most accurate 

method of extension of vertical as well as 

horizontal control was aerial triangulation of 

strips on plotting machines, followed by the 

transformation of the obtained strip co-

ordinates to themap projection system. Since 

the beginning of photogrammetric mapping, • 

analytical aerial triangulation has been con-

sidered a potential method. In this method 

the co-ordinates of points are measured on 

the photograph. The map co-ordinates are 

derived from these photoco-ordinates by com-

putation only. Till recently the analytical 

triangulation was not practicable for two rea-

sons. First no precise stereocomparators 

were available to read the co-ordinates and 

secondly the required computations were time 

consuming. The new comparators and electro-

nic computers have made analytical aerial 

triangulation a practical possibility. A 

method of analytical aerial triangulation 	- 

developed by the National Research Council of 

Canada is given below as illustration. 

7.14 In this method first the co-ordinates of 

corresponding points from a stereopair of 
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photographs are read on a stereocomparator. 

These are first referred to the principal point 

as the origin of rectangular co-ordinate system. 

Then corrections are obtained for several types 

of errors like film distortion, radial and 	-- 

tangential distortion, refraction and effect of 

earth's curvature. On a tape are printed all 

the instructions for correcting the plate co-

ordinates, computing the relative 'orientation, 

scaling, computing strip co-ordinates and trans-

forming them to map co-ordinates. The printed 

tape is then fed Into an electronic computer 

where it isstored. Another tape containing 

plate co-ordinates and other relevant data is 

then fed in. 	The machine then goes through 

all computations and printed results are deli- 

vered out. 	(Electronic computers are 

described in detail later). 

. 	7.15 Analytical triangulation has a number of 

advantages over triangulation on plotting 	- 

machin&s. A greater accuracy can be achieved 

because the measured co-ordinates can be correct-

ed for all determinable errors in position. 

In instrumental methods. accuracy cannot be 

achieved to this extent and no corrections can 

be given for irregular distortions. 
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7.16 Analytical triangulation is not restricted 

by any limitations like those In the instru-

mental aerial trian ;uiation. The bundle of 

rays defined by image points from a photograph 

at the time of taking is not reproduced to 

mathematical precision in an instrument. Hence 

the model is always slightly distrorted in 

instrumental methods. On the other hand in 

the analytical method the bundle of rays is 

defined by a formula and the accuracy depends 

on the comparator accuracy which is quite high 

these days and also on the number of decimal 

placed used in computations. 

7.17 In instrumental triangulation the accuracy 

depends on the ability of the operator to remove 

parallaxes and thereby orient the photographs. 

In analytical orientation-  a correct orientation 

of theeoamera is automatically achieved. In 

the instrumental method any slight inaccuracy 

in centering the photograph in the plate holder 

results in distorting the bundle of rays. 

7.18 The higher accuracy of analytical triangu-

lation makes it possible to reduce the number 

of ground control points and thus the cost of 

field surveys. The number of photogramm.etric 

operations is also less when this method is used. 
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7.19 The analytical aerial triangulation thus 

proves to be superior to the instrumental tri-

angulation and eventually is being more widely 

used for aerial triangulation. This will have 

a great impact on the present plotting instru-

ments like Wild Autograph A7 and A9 or Zeiss 

Stereoplantgraph C8 etc. At present these 

instruments do aerial triangulation and provide 

control and feed work for about eight plotters 

like Wild A$. The importance of these Wild 

A7 and A9 Autographs etc. will considerably 

go down in the years to come. 

7.20 The report of the aerial triangulation 

done in Vorarlberg, Austria,carried out by the 

Federal Office of Weights and Measures, Vienna, 

proves the use of these computors. They used 

the I.B.M. punch card computers according to 

the method of Roelofs and Van der Weele. On 

comparison of the co-ordinates of control points 

determined by terrestrial means with the trans-

formed and compensated Autograph A7 co--ordinates, 

the mean square errors were dx = ±4.8 cm. 

dy = } 6.0 cm. The method and the use of com-

puters assured a saving in time and proved - 

suitable for bridging over 4 to 6 models keeping 

the error of position within the drawing accuracy. 
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7.21.The solution of a large number number of 

scientific and engineering problems is possible 

only after detailed numerical computations. 

Such computations frequently present formida-

ble practical difficulties. The latest and 

the most advanced elegant methods of electro- 

nice and automatic control engineering have 

made it possible to bring into use the high 

speed automatic computing machine known as the 

Electronic Computer~r.  . 

7.22 Electronic computers are classified as 

analogue computers and digital computers. The 

analogue computers are off', purely scientific 

use. 

7.23 The digital computers as the name indicates, 

deal with digits. Most of the digital com-

puters work with digits in the binary scale, 

In which all digits are in either zero or one. 

The presence of a pulse represents one and the 

absence zero. In general the system consists 

of five basic portions as mentioned below :- 

I) Input unit - This can take a variety 

of forms and most commonly is in the form of 

punched cards, punched paper tape or magnetic 

tape. The input is generally automatic and 

the Information is printed or punched by 



(a) Photoelectric scanning 

(b) Fluorescent ink spots 

(c) Magnetic recording 

(d) Magnetized spots 

(e) Magnetic ink character sensing. 

(The description of all these is out of the 

scope of this dissertation.) 
• 

iii Arithmetic Unit It is here that the 

actual calculations and logical discussions 

are made. The logical discussions depend upon 

arithmetic discussions of equality and great--

ness. The unit works in a series of pulses 

and the flow of these pulses is controlled by 

gates. These gates are switches in the form 

of relays or valves or transistors. 

lit) Memory - This portion does the work 

of storing the .information it has received and 

information upon which it may be in the course 

of working. 

Iv) Control Unit This portion controls 

the operation of the whole system. A computer 

has to be told precisely what Is required to be 

done and when; instructing the computer in this 

manner is known as programming. This unit is 

thus concerned with extracting the order to 

be obeyed, interpreting its function and gene- 
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• rally overseeing the mechanism. It consists 

of storage and switching circuits throughout 

the machine, 

v) Output unit - This is where results 

are produced and can either be shown by punch-

ing cards, paper tape or writing on magnetic 

tape or printing direct from the computer. 

7.24 In the analogue computers physical 

jquantities such as voltage, shaft rotations, 

etc. are made toobey mathematical relation$ 

comparable to those of the original problem. 

They are of different types viz. mechanical, 

electrical, electromechanical, etc. 	The 

adaptability of a particular type depends on 

the availability of computing elements to 

establish the desired mathematical relation. 

7.25 In comparison with digital computers, 

Analogue computers are less accurate but are 

less exponsive and often easier to construct. 

They are thus very useful in applications-  re--

quiring accuracies between 0.5 to 5.0%. The 

advantages brought in by the introduction, of 

these machines are more speed, less effort, 

greater accuracy (an important point when cle-

rical standards are tending to fall) , legihi-

lity, more readily available information for 
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management control. The shortcomings are less 

flexibility, investment, not forgetting the 

construction of initial outlay and special - 

stationary. It requires a trained staff and 

any mechanical breakdown may cause serious - 

effect such as very wrong results. It requires 

less staff and is very useful as the modern 

trend Is towards reduction of human element 
from work. The use of medium size Digital 

computer systems (5) for the solution of recti-

fication problems is also emphasized by 

Mr. C. W. Hanson of the Broadview Research Corpo- 

ration, Washington, D.C. 	The method of solu- 

tion uses an iterative procedure and is used 

to calculate the settings for photo-rectifi- 

cation equipment. 	The restrictions on the 

settings are imposed by the projective charac-

teristics of the photography and the mechanical 

and optical limitations of the rectification 

equipment (vide sketch No .22) . 	This method 

though cumbersome for manual use is well suited 

to automatic computing machinery* 

7.27 In the process of plotting, clearing of 

X and Y Parallax is the basic operation. A 

few years ago, Mr. D.N. Kendall, the President 

of the Photographic Survey Corporation, Toronto, 

Canada, gave support to and provided funds for 

a research project at automatizing this 	- 
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Sketch No.-23 

Block Schematic Diagram of the 
Z., u3rcOPrat. 
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operation of clearing parallax and driving the 

floating mark to produce profiles or contours 

automatically. The systems devised for this 

purpose by the Benson-Lehner Corporation of 

Los Angels, is named as 'Stereomat' (5) . It 

takes the form of an attachment to a convention-

al stero plotter and provides necessary motipns 

to the projectors and the floating mark, for 

relative orientation and location of the - 

terrain surface respectively (vide sketch No. 

23). 

7.28 The clearing of parallax between two 	- 

images requires that the corresponding points 

in the images be identified and located with 

respect to each other. 	Stereomat uses the 

method of 'flying spot' scanning i.e. scanning 

a small area by a spot light moving in a 	- 

random pattern. Here a cathode ray tube 
light-source and photoelectric coil-sensing 

means are employed. The spot of light pro-

duced by the electron beam striking the fluo-
reseent screen in the cathode ray tube, may be 

moved about the screen area in response to the 

volta ;es applied to coils z.hich deflect the 

electron beam from its normal central position. 

The amount of light reaching the photocells 
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• will be a function of image densities at any 

instant. As the spot image moves over the 

photographs, the light reaching •the photocells 

varies, producing thereby electrical signals 

responsive to the image density variations 

from point to point. 	Separate photo cells 

are provided for each photograph. If there is 

a difference in densities of the images pro-

duced on the two photocells, the photocells 

drive servomotors and execute corresponding 

movements on the surface of photographs so that 

the image densities coincide and thus the para- 

llax between the two Images is automatically 

removed. The stereomat is at present applied 

to plotters of the Keish type using optical 

mechanical principle, but it is also applicable 

to stereoplotters of other types, including 

first order machines and the accuracy of the 

machines is not affected thereby. An external 

recorder can also be coupled to a Stereomat to 

produce a profile of the terrain. 

7.29 A. new photogrammetric measuring device 

known as the Terrain Data Translator (2) has 

recently been developed and field tested by 

the ]tensor-Lehner Corporation of Los Angels. 

Its primary purpose is to provide ground 
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Sketch No.24 
Components of the Terrain-Data Trans-lator System (ioL;s -type ad key punch) 
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ketch No.25 

Terrain Lata Ti -nslator System as 
used in conjunction with a Projec-
tion typo Plotter. 
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0 	cross-section and profile in digital form 

directly from the stereo model as viewed in the 

double projection or Keish type stereoplotter, 

or directly from a topographic map sheet. The 

record of the terrain data can be obtained in 

any form viz. typed records, punched cards, or 

punched paper tape of combinations of these. 

The system is easily installable and requires 

no special skill or training on the part of the 

operator. 	Other Ypplicatione of the 3 a to -r 
Translator involve volume determination of coal 

piles, borrow pits, etc. and reservoir areas. 

It is also useful for measuring the ground sur-

face subsidence around mines and oil fields. 

It permits increased accuracy and significant 

savings in terms of both time and money. 

7.30 The sketch (vide sketch .No ..2¢ & 25) shows 

the main components of the Terrain Data Trans-

later system without the types and key punch.. 

7.31 The instrument consists of a distance - 

measuring unit and the elevation measuring unit 

consisting of a modified Bausch and Lomb tracing 

tablevhich can  be attached to the distance 

measuring unit. The control unit is mounted 

within convenient reach of the operator and 

actuates the readout. 	The combined Distance 
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Counter and Readout Unit provides a visual 

display on the decade counters of distances 

'left' and 'right' from the centre line. 	it 

provides means to feed the digital computer 

also. 	The elevation reading at each point, 

together with the distance right or left of 

The centre line, is automatically recorded 

when the operator presses a button locat:d at 

the cont. oi unit. 	Gearing arrangements exhi- 

bits truce heihts and distances with common 

scale range. Its price, design and flexibi-

lity allow for the calculation of a nominal 
amortization figure without undue threat of 

a large loss arising from early obsolescence. 

7.32 Currently under development is the 

Automatic Map Compilation System (2), designed 

to produce a true orthographic photomap from 

each conjugate pair of aerial diapositives 

without establishing a stereo-model. Groups 

of such outputs assembled together make a coma- 

polite photomap, corrected for relief aircraft 

tilt, scale change, adjustment to control etc. 

7.33 The system operates by scanning electro-

nically those conjugates points on the two 

dispositives winch correspond to points along 

a line in the stereo model. 	The scanning is 
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controlled by a high speed_ digital computer and 

the resulting picture co-ordinates and ground 

elevations are tape-recorded. The recorded 

numbers then control a rectifying print-out 

to produce the orthographic photomap. 	The 

operation is fully automatic and assures saving 

in time. The test results have proved its 
satisfactory working. 

7.34 The symbolic and block diagram of sketch 

No . 26 shows the major components, the main - 

Information flow and the control connections of 

the autom ,.tic map compilation system, currently 

constructed and which is being further developed. 

7.35 The heart of the system is a computer in 

which most of the control sLnals originate. 

It not only solves the equations., but provides 

timings and programme for all other pper . tions . 

7.36 The whole system can be divided into two 

• parts viz. (1) the scanning and matching section 
and (2) the printing aection. 	In the scanning 

and matching section a straight profile is cut 

uhr°ou h the model ( x held constant) by auto-

matically scanning and matching the correspond-

ing conjugate profile points oa the two disposi- 

tives. 	In the printing sectiox; the dispositive 
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is again scanned along the irregular line made 

up of recorded (x1  , y1  ) values and sirmulta-- 

neously the video signals are printed out 

along a strai ht line on.a photomap. 

7.37 The manufacturer are at Eresent testing 

the instrument and a test result says that 

the results were quite encouraging when a map 

was prepared from 1/40,000 photography and the 

terrain which was highly undulating with abrupt 

elevation changes and containing no cultural 

features and sparse topographical detail. 

7.38 In many instances, electronics though at 

our service is not noticed at all. The higher 

order plotting instruments are very delicate 

and sensitive.. When their X and Y carriages 

move out beyond a certain. limit so as to cause 

damage to the instrument, an electric caution 

signal r. in,,s, informing the operator to reverse 

movement. The Signal thus protects the inetru-

ment and i s of groat importance. In the Zeiss 

S Lereoplanigreph GB, certain innovations were 

recently made (25) , with special attention to 

the new semi numerical methods; lefthand and 

righthand miniature motors with roductidn gears 

are now provided for a long convenient setting 

of tip and tilt corrections tions in any position. 
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They are controlled by special knobs and 

their range is limited by overload clutches. 

To eliminate the inconvenient change from 

base in to base out and vice versa hitherto 

required in case of aerial trian ;ulaticns a 

small electric motor with magnetic clutch is 

provided; this facilitates setting. 	The 

retracing and releasing of the drawing pencil 

of the plotting table is operated by an electro 

magnet. An electric switch near the foot of 

the operator works the magnet. It is easy 

to operate. 

7.39 Even in the riap printing office in the 

wet plate process, the machinery used for making 

the wet plates (Centrifuges) works on an 

electric motor. All the printing  machines are 

of rotary type. 	They also work on electric 

motor:. 

7.40 Thanks to electronics .which helps us — 

throu ,hoot in all the stages of our work. 

_. 8. -- 
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CHAPTER 8 

SULTLIARY 

(Ref. 1.1  to 1,5) -- 	With the introduction 

electronic devices in all fields of applied 

sciences, photogrammetry has made rapid pro-

gress, because of the ease and speed of ope-

rations made possible by electronic instruments. 

The extreme speed of operations and adaptabili-

ty to varying conditions is perhaps the most 

significant difference between electronic and 

non-electronic devices* 

(Ref, 2,1 to 2.14) -•- 	The choice of electronic 

instruments is justifiable because of their 

particular advantages over other instruments, 

viz, versatility, speed of response, adaptabi-

lity to various difficult conditions of measure--

ment and in most cases ease and convenience 

which result in saving in time and saving of 

personnel. 

(Ref. 3.1 to 3.12) - Time devices, light control 

devices, position control devices and servo- 
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mechanisms are the important electronic systems 

in photogrammetrio instrumentation. Past res-

ponse, high accuracy, unattended control and 

remote operation are their main character!stics.. 

(Ref.4.1 to 4.37) - In the work of laying of 
ground control In photogrammetry the i introduc_ 

tion of electronic instruments using Licrowaves, 

e. . the tellurometer, decca navigator system 

and airborne profile recorder have outdated the 

old survey instruments and older survey methods 

because of their greater accuracy and economy 
of time and money and efficiency of measurement 

in difficult working conditions. 

(Ref .5.1 to 5.28) - Modern navigation systems 

like the decca navigator system and doppler- .sy.s-

tem arid equipment like autopilot, fire detector, 

etc. have made photoflighta accurate and safe. 

They also help to reduce the air crew. 

(Ref. 6.1 to 6.24) r- The devices like Wiggler 

help us overcome image motion which is otherwise 

. 	, a serious problem. The electronic dark room 

equipmentequipment like the electronic printer, electric 

film, developing and printing outfit, etc. help 
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us avoid mechanical damages like scratches, de-

formations on account of excessive strain etc. 

(Ref. 7.1 to 7.40) - The automatic rectifiers 

have made rectification easier and more accu-

rate. The electronic computer facilitates the 

calculations of aerial triangulation to a great 

extent. 	The development of the spot scanning 

technique and automatic parallax removal tech-

nique made at possible to design au zomatic - 

plotting and contourin-g equipment. In b -ery 

phase of work in pho to gramme tri c mapping 	-. 

electronic equipment has an. immeasurable 

importance. 
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