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SYNOPSIS

This dissertation on "Electronics in Photo-
grammetxy” 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 1II 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 Vil
automatic plotting, rectification and map comsl

pilation are dealt with.



CHAPTER 1.
IRTRODUCTION

1.1 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 photogrammetric instruments were devised
for the accuracy required but the use of these
instruments, till the iast war,'invelved tedious
adjustmenta and operations and the work, by no
means, could be done expeditiously. Viith the
introduction of electronic devices in all fields
of appliéd aciences, photogrammetxry has made
raplid 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 in-
creased in the last few decades, to the point
where one finds it difficult tc 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 1lnstruments
were employed chiefly by electrical engineers for
the study of electrical circuits. In the -
industrial world, today the eleétronio instruments
find a place in the measurement of almost any
quantity one might think of e.g. acceleration,
veloéity,.displacement, stress, straiﬁ, 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
bilological measurements. Eleoctronic systems are
also used in the devices employed for ensuring
safety aﬁd 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 on ourcplanétary or to our island universe.
The modexrn radio telescope, as a matter of daily
routine probes the secrete of the clouds of -
intergalactic matter, while the luﬁinous 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 com~
puﬁation are so varied that the.scienfists must
be prepared to design théir own instruments

suitable to the problem in hand.

.4 pnie dissertation gives information about .
electronic devices used in pﬁotcgrammetry. As
a preliminary to the understanding of electro-
nic devices, electrical instruments of photo-
grammetry are also included. Posaible future
development of eleetionic instrumentation in

Photogrammetry is also indicated.

1.5 Details of inatrument building and techni-
cal aspects of ealectronics are highly specia-~
lised lines beyond the purview of a photo-
grammetric engineer and are not covered by this

dissertation.



CHAPITER 2.

VHY ELECTRONIC INSTRUMENTS?

2.1 This is the age of automation. Ve find
that electronics has found appiication in almost
all scientific disciplines. In the following
chapters we will see how electréuics helps us
in éifférent phases of work in Photogrammetry
and what promise it holds for us in this field,
In this chapter we .5hall try to briefly answer
the logical question, "What can electronic -

instruments do for Ph/ togrammetry“.

2.2 It ias to be admitted that the number of
measuremeﬁta which can be made only by the -
electronic instruments an& not otherwise is wvery .
small. Moreover a goo& 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 via.
versatility, speed or response, adaptabiliity

to various difficult conditions of measurements
and in most cases ease and convenlience which
result in saving intime and saving of personnel.

They may also give more accurate results and



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 inatruments to the non-
electronic ones. This is mainly because of the
low mass of the elec¢tron, which permits it to be
accelerated to extremely high veloclties in ex~
tremely short times. Consider the case 6£ a |
radar where we use radio waves. {This is ex-
plained later). The time tuken by a radio wa;ve
to reach a distant target and return to the radar,
after beiﬁg raflectéd by the target, is of the
ordar of a few micro-seconds. I+t is practical-
ly impossible to measure gsuch 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 is another wvaluable feature of
electronie instfuments. Take a basic electronic
counter for example. The same instrument with
minor changes in the input c¢ircuit can bve maée

to record éither events per uﬁit time or time
interval. Such an‘inatrument in collaboration
with certain other instruments like the crystal

controlled clock, the photo~tube, etc. can be
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used for the measurement of various other quanti-
ties. The result may be displayed in a variety
of ways, 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 signel, 1t can be adapted to automatic
control function;g Any servomechanism may be re-
garded as an instrumentation probvlem 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 satelites, spy planes, etc,
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where 1t is convenient and at times obligatory to
uge remote indicating and remote controlled in-

strunents.

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 instruc—
tions and in c¢mse no correction is possible,

orders the machine to stop.

2.9 These particular advantages go to show how
necessary and helpful the elecironic instrumenta-
tion is to the technician an& why Photogramme-
trists have switched over to electronics and in

fact opened a new age, *the age of electronice'.

2.%0 Now we shall see how electronics helps us
carry out the work in Photogrammetry. It‘can be
said with confidence that electronics helps us
in évery rhase of our work. The following para-
graphs give us an idea as to what instruments use

electronics. The details about them, i1.e. their
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principle of working, importance, etc. will be
deelt with in the forthcoming chapters.

2.11 The first phase of the Photogrammetric work
is providing contrel by ground suxrvey. This
means fixing points with known position and ele-
vation in the area to be photographed. Forw
merly this was done by ground survey methods
such as triangulation, levelling, traversing,
etc. But the recent developments in electro-
nics siowly outmoded these methods and electro-
niec instruments like Tellurometer, Geodimeter,
Air borne profile recorder, Santoni's Solar

- Periscope, etec. came into vogue. They speed

up the work and increase the accuracy. The
electronic computers help the calculation work

of geodetic and tepographical computations.

2.12 Next comea planning and execution og%hoto~'
flights. Formerly many of the instruments on
the pilot's indicator panel were non-electronic.
They did not give the accuracy required for
rphotogrammetric work. Moreover the aircrafd
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 loass of finance,

labour and time. Now=a-days instruments like



- -
LR

radar, radar altimeters, wireless units, shoran,
decca and other navigation systems, auteo pilots,

fire detectors, etc. make an accurate and safe

flight feasible.

2.13 In the actual photography and processing
for negatives and prints the Photogrammetrist
is aided by instruments such as éxposure meters,
intervalometers, automatic winders and shutters,
camére stabllising mounts, electronic printers,
sapool tank developers, electron image tube etc,
They minimise the possibility of error and ren-
der prints of a gooed gquality and speed up the

WOTrK.

2.14 In the last stage of work, i.e. map com-
pilation, the Photogrammetrist uses the instru—
ments like terrain data translators, automatiec
map compilation system, steromat, éo~ordinato~
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.
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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 nmuscular strength to satisfy the needs
of existence, whereas man takes advantages of and
utilises many forces of nature to accomplish his
desires. fhé primitive man domesticated some
animals to aid him in his work. Iater centuries
saw utilisation by maﬁ of the force of wind and
water in such devices as erude 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 enexrgy 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



uS€ of many components, circults. and devices.
Several of these components, circults and devices
may be employed in combination to achieve the
desired result. The electronic eguipment may

be classified as shown below {(13).

1. * Vacuum—-tube amplifiers.

e Vacuum—-tube oscillators.
3. Saturable-core reactors.
4., Series impedance transformers.

De Peaking transformers.
6. Phase-shift circuits.
T Free~wheeling circuits.
8. * Rectifiers.
9. * Filters. .
10. Voltage dividers.
'11. * Time-~control circuits.
12. * Constant-voltage circuits.
13. Nonulinqar 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 asterisked ones are of use in
Photogrammetry. _
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Principles of Circuit Systems:
3.3 ©Simple control systems 1nv01ve 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 pusih 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 off a small amcunt of energy
ie used to control the delivery of a much greater

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

e Another form of control system is a clesed
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 theixr Components:
Vacuun~-Tube Amplifiers:

3.4 The wvacuum triode, tetrode and pentode are
amplifying tubes. Associated with sultable cir-
cuits, they constitute one type of amplifier and
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4hey have revolutionized the art of electriecal
communications, measurement and control. The
function of a magnifier is to increase or magnify
a very weak signal until'it is capable of con—ﬂ
trolling sufficient electiric power for producing
light, sound or mechanical work. An amplifier
does not create any energy but controls sourées .
of electric energy to give outputs that follow the
original input signals with fidelity. The ampli-
fication may be in one or in-a series of stages
oxr steps. The amount of amplifica?ion that can
be attained for some application is limited by
various factors. The discussion about these -
factors is out of thg scope of this'dissertatibn.
Electronic Printer, Cloud height data anal&ser,

etc. use vacuum tube amplifiers.

Time Control Devices:
3.5 The timing of various types of operations
méy_be controlled by electric circuits, magnetic
devices and mechanical devices. The time re-
quired for the transient currenf aﬁd the'voltage
changes in the inductances and tha-capac{tances
is made use of here. e.g. Intervalometer, -

Spool tank developing units, etc.
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Iight Control Devices:
3.6 7The 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
photoemisasive 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, quick
response to very rapid changes in the radiation
oxr in circuits in which the voltage impressed
upon the tube might reach high values. The
vacuum—-phototubes are used for light-measuring
and light relay devices and the gaseous photo-
tubes for (i) facsimile transmission of pictures,
(1i) as an'electric eye’' in photometric measure-
ments, {(iii) for control of artificial'illumina-
tion and ma@g&ther applications. The photo~-
voltaic cells are used in measuring the light
change but are hot very responsive. The elec—

tron'multiplier can be uaed'as a combined photo-~
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electric pick-up and amplifier for minute light
variations, for sound reproduction of fi;ms and

in television.

Position-Control Devices:
3.7 The function of the position-—control devices
is to tranemit motion by electrical means between
twe points that cannot be readiiy 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 transmittiﬁg 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 -

rectifiser, Camera Mountings use these devices.

Servomechanism:

3.8 Thnis 15 a term appearing gquite frequently
in electronics. It comprises a clasa 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 ox change in the rate of speed of some
machine. Thermostats that control the tempe-

rature of a body and hydraulic governers that
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control the speed 6f 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 Por keeping the regulated quantity matched
to a reference .quantity, the servomechanisem -
should possess the following four important
characteristicas, viz :-

1. PFast responase,

2. High accuracy,

3.  Unattended control,

4. HRemote operation.

A Servomechanism consists of three basic
elements. Those are : (1) an error detecting—
device, (ii) an amplifier, and (iii) an exxror—
correcting device. The erryoxr detecting device
determines when the regulated gquantity differs
from the reference guantity. It then sends out
an error signal to the.amplifier, which in turn
supplies power to the error correciing device.
With this power, the error correcting device -
changes the regulated quantity so that it matches
the reference quaptity. The closed loop com—

posed of the error detector, the amplifiér, 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 gquantity
need not be the same if the proper detecting
device is employed; but the measuring units -
within the error—detecting and error—-correcting
device musf be the same for even dissimilar -
quantities, e.g. the temperature of a room and
;Aé'égééé of the blower for the room should both
be measured in terms of voltage and soc on.

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

3.11 Tre error corrector of a servomechanism
system actuclly does the work of regulétinga The
error detecting device and the amplifier serve
only as a means of controlling the error corrector
80 as to make the regulated quantity match the

reference guantity.

. 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 Dissertation.
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CHAPZTER 4.
ELECTRONICS IN GROUND CONTROL

4.1 Photogrammetric constructiion of maps neces—
sltates the establishing of horizontal 2nd ver-
tical values in the form of co—-orxrdinates, of.
certain photographic lmage points for the use

in subsequent operations leading to map compila-—
tion. These image points are commonly known
ag photo control points and the survey made to
establish the sume is known as ground control

SUTvVeYy.

4.2 (Control points are points of known plan-—
position and elevation. The number of control
points and their reguired accuracy depends upon
the accuracy of the required mapping, sczle of
mapping, extent of the area to be mapped and

me thods of ground survey employed.

4.3 PFixing the conbtrol points is the basic
requirement forxr 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 photoéraphs 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 rectifierx. Plotting instru~
ments like Wwild Autographs etc. use the control
data for orienting the dispositives oxr photo-
grarhs in the photo carxiers. Even in cone
touring by simple means like the parallax bar, a
set of control points helps us to determine the
corrections in heights obtained from the measured
parallaxes. These exawmplesg prove the e

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 zir 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 aecurateiy
the heights of control points. For devermining
the helights of poiﬁts on hills a faster way is
tachometry but it is not an accurate method,
Then'the only way remaining is to run a levelling
line which is a very difficult task in hills and
is tire~consuming. If the péints are chosen
from the photographs, then some of them mi _ht
also be inaccessible. It will then be difficult
to get their accurnte height. Electronic instru—
ments 1like the airborne profile recorder and the
radar altimeter give us the hei_hts of points -
without occupying thea. The time reoguired is
also very short. In ordinary surveying whef@ we
use instruments like thaadoiites, levels, otc. _
vie have-to depend much on atmospheric conditions.
Mist, fog, héga make the work inmpossible. Elec=-
tronic instruments like tellurometer, aerodist
and others based on the same principle oan be
used with édvantage in such eésea. They use -
radio waves which arxre not affected by wvarying
aetmospheric conditions. In ordinary surveying,
es we have to depend on the observer's capability
of getting goed interseection, the maximum -
length of a line. covered in one shot is only a
fow miles. The measurenent of long lines in-

volves mesasurement 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 1s because measuring all
the sides is diffieult. In Trien,ulation a
small error in the angular measurement causes
a considerable erroxr in the co-ordinates of the
-points, the position og%hich is to be £ixed¢
With modern electronic instruments this Jjob is
quite simple. For fixing co—-ordinates of un-
known points 1nstéad of triangulation tri-—-
lateration can be used wﬁére three sides of the
triangle are measured. ‘The method is more

accurate and faster.

4.6 The modern tendency is towards the uée of
such instruments as renderxr fast work and -
exclude the human element as much as possible.

The electronic équipment 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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1ii) Errors in allowance for the time
taken in transmisasion 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 determi~
nation of $ime and are independent of the length
of the line but the fourth is ih general, pro~-
portional to the length of the line. The errox
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 gf starting of the pulse is
difficult to ascertain; to reduce errors it is
necessary to measure the time interval by wvarious
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 densitye. The velo-
city generélly varies from about 186,208 miles/
sec. to 186,248 miles per second. According

to Clark
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V= UC
wherxe
V = velocity of transmission,
A = Index of refraction for the atmosphere,

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

where may be calculated from the formula of
England, Crawford and Mumford asgiven below :—

(,M—:)‘x lo4= _2%_[—2_” 4 1o§w(10\1-_59___o‘002‘93)1 ,

where»
T = absolute temperature Centigrade.

P = total atmoespheric pressure in mms.
- of mercury.

W = partial pressure of water vapour
in mms. of mercury.

This formula, however, would be inconvenient
for computing a mean velocity for the path, so
a number of approximate formalae assuming normal
atmospheric conditions are in use. The simplest

one is based on the assumption that

where /Z(l'\,;/((o(l—-—b'——

4R

A, = index of refraction at h feet above
sea level.

Ao= index of refraction at sea level

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

under consideration.
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« then ~» the mean velocity along the path,

2

V:Vc‘+H+h_ L__
° SR GAR’-),

where

VY, = velocity at sea level under normal
atmospheric conditions.

L = Approximate slant distance { yvoxt )
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 3~ |
i) Radar (Radio Detection and Range) -

- This uses radio eﬁergy in pulse form. It falls
in ndn—co—operati&e category. It has a range
of about 50 miles and is mainly used for navi-
gaticn.

\ ii) Loran (lLong Range Navigation) - This

‘navigational aid uses continuous waves. Its
day time range is about 250 miles at higﬁ alti-
tudes and increases to 1400 miles at night
(Ref. 10). |

iii) Shoran (Short Range Navigation) - As the
name suugests, this has a short range es com—
pared to 2 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) Gee - H -~ This is a British system and is
much used by Britishers. It uses pﬁlse form
of radio energy.and has a range of about 450 miles.

vi) Oboe = ihis is the same as Shoran; the
only difference is that the transmitter is in the
‘moving vehicle like an aircraft or a ship, the
distance of which is %o be measured from a known
point.

vii) Deces -~ 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 Britishers.
It can be used upto 300 miles but the reliable
range is only 100 miles.

viii) Geodimeter - This instrument uses pul-
sating polarised light waves. This has a wvery
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) Tellurometer ~ 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 radioc 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 continucus wave has a congtant 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 fefleete& directly from the object or station
whose distance is being measured. This form of
measurement, commonly used in conjunction with
directional wireiess to determine the rough
begring as well as the rough distance, is employ-
ed for military purpose in the detection of alien
aircraft or for anti-airecxaft gunnery; but its
accuracy is not so great as that of the co-
operative system, and its range is more limited.
In the co-operative form, a special receiving
instrument receives the signale at a different

point and, after a short delay of known duration,
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re-transmits them on a different freguency to
thé sending station, generally boogting up the
strength of the signal in the process. The
main transmitting and receiving apparatus may
either be in the aircraft -or ét the ground sta-—
tion. Consequently the co-operative system is

preferred,

4.11 Of all the systems the radér system iz the
cldest and may be taken as the basic system.

The other systems involve more or less the sanme
principle of working, bu?ﬁiffer'in certain other
characteristics and in accuracy and range.
Radars, Shorans, E.P.ls. use short intense pulses
of radio energy while in Decca, Loran, Qeiluro—
me texr continuous waveé are transwitited. Gec H
system is like Shoran; so 1s 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
eystems (e.g. Decca, Loran, Lorac, 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
Decca and the Ioran, phasemmeters with cali-
bréted disls and printers are used for measuring
the phase difference be tween the different in-—
comihg waves, on the hyterodymne principle. In
the use of these electronic instruments for
survey, it is necessary to use high frequency
waves, i.c. of short wave length as ageinst
those used faé ordinary radio broadecasting -
wherein waves of comparatively low fregquency

are used., In the ordinary radio transmission
we are not much bothered about the path of tra-
vel of the waves. A wave ordinarily travels
but a short distance beyond the limita of wvisual
- observation. Long éiétancé reception therefore
almost depends upon the waves received after
reflection from‘the ioncsphere a layer of nega-
tively changed ions surxrounding the earth's
atmosphere at heights fxrom 60 to 18C miles above
m.s.1. As actual psths of such waves arxre not
definitely known, they prove tc 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 impression of the pulse on
the rez-order than long waves do and that a more
accurately defined commencement of the pulse
front is obtalined from which measurements can

be taken. The Decca, the Shoran end the Tellu=
rometer, as they use short waves, are more -
suitable for survey rurposes. These are vtriefly
described later in this chaplexr. The Decca
system is mainly used fox Hydrographic surveys,
and the Shoran system mainly for ground surveys.
The Tellurometers reasure comparatively short
distances, but they measure them very accurately,

on the ground.

4;13 Before deseribing any of these systems, we
will first take note of the Radar, which is the
basis of 21l these systems. This will be of

help in describing the other instruments later on.

4.14 In the Radar,; a powerful pulse of high-
frequency carrier wave travels froma transmitter;
hits an objecet lilke the fuselage of an aeroplane
or a ship and is reflected in all directions in-—
clu&ihg the direction in which the transmitter 1s
situated. A receiver is situated near the -
transmitter (in fact one and the same serial 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 dis-
tance from the transmitter to the object (farget)
and back to the receiver. A 1ittle time affer
the reflected pulée reaches the receiver, another
pulse starts from the transmitter. If 1neteéd
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 f:om.the fransmitter to ?he receiver via

" the target without using co~operative system.
Furthermore since the energy is transmitted in
intermittent pulses, it is pdssible to pack a
lot of energy in each pulse. This is necessary
because even though 1t is possible to concentrate
the transmitted energy into a beam, the reflected
energy gets widely diffused and the receiver re-
ceives .a very small portion of the transmitted
energy especially when the reflecting guaizitiés -
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 '24'; then the dis-~

tance of the target from the receiver will betd'.
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If the time interval between the emission 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 millimicrosecond ( 1593econds) which
means that the unreliability of the measured
distance is * 2 inches.
4.16 Shoran (7) was designed by Mr. S.V. Seelsy
of the Radio Corporation of America. It woxrks'
on a fregumency of 210 to 260 megacycles/sec.
4.17 Shoran system falls in the co-operative
category. Here a transmitter is pléced in a
moving vehiclé i.e. the aircraft in aerial sur-
veye. The target instead of being a mere res—
ponder is a transponder. The geographical
positions of these targets are accuraitely found.
The two transponders are distinguished by the
names 'Drift' station and the ‘Rate' 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.S5.L. 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. 1In elecirical terums, each
family of hyperbola is made up of lipes of equal
rhase 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 a?%he point of reception - the basic function
of the Decca receiver -~ will locate the receiver
on a hyperbola along which, by definition, =211
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 astation®
(vide sketch FNo.3). For fixing the geographical
~position of the observer at a point, with - |
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 Tellurometer (15) was
invented by Mr. L. Wadley, a Scientist on thc
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.Staff of the South African Council for Scientific
and Industrial Research. It also empioys -
micro-waves and is of co-~operative type. A set
of the eguipment consists of two portable units,
one placed at each end of théline to be measured,
each powered by aﬁ ordinary automobile storage
battery. Operators can meinvain 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 Mc/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 betweenlthe outgoing and the incoming -
modulations is indicated by a ‘cathode-ray tube.
This phase shift gives the measure of the eslapsed
time and is indicated by a,small.break in a

trace adjacent to a circular scale. Four -
measuring freguencies are used and the samé scale
sexrves for all. . For the sake of simplicity, the
propagation veloclity used in computation is

half the actual value, so that the distance is

deduced directly. The wvelocity of the micro-
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waves varlies g little with atmoaspheric -
pressure and humidity, and smell corrections

are reguired to be made for these variations.
Therefore the operators carry a wet-and-dry-bulb
thermometer and a barometer for measuring the

me teorological conditions,

4.23 To avoid the necegsity of a clearing line
between two stations in forest terrain, -
Dr.A,G.Mungall\af the Division of Applied Physics,
Nafional Research Council, U.S.A., devised a
meang of separating the antennsa, the'actual
source of radiated wéves, from the main body of
the circuitary and alevating it on a mast so that
the instrument can "see® over the tops of the
trees. The'retracfing 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 measurgd over,rather than through, the

timber.

4.24 Ag to the advantages of the instrument, two
men, one with the transmitter and the other with
the receiver can naasure 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., 1 in 10,000 on 1ines 1500 f£ft. to
1 mile and 1 in 25000 on lines 1 to 40 milses.
Federal Agencies, State Highway Engineers and
Private FPirms of America have reported 40% =
Baviﬁg in the cost of establishing horizontal

control by using Tellurometers.

4;25 Geodimeter, another electronic instrument

" developed for distance measurement, uses polarised
light waves instead of radio waves. The measure-
nent of distance by the Geodimeter is a function
6f time required by the light waves to travel

from the transmitter to the target and back.

The time is measured electronically as in the
Teliurometer. But this equipment is heavy and
bulky. Moreover it can only be used at night

and in total darkness for long lines. Even
twilight or moonlight precludes the polarised
light waves used by Geodimeters. 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 Hydro-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 Aeré-
Dist. is the new airborne Tellurometer system.
This can be used for distance measurement by
the "line crossing" technique. It £filis the
gap between the Tellurometer-Micro Distancer
and the Hiran system and has an operating range
of from 40 to 150 miles.(It is ﬁo be noted that’
the lower limit of the Hiran aysteﬁ is about
100 miles.)

4.27 ALl the distances measured by the cdlectronic
instruments are direct distances betwseen the
transmitter and receivers. As the elevations
of points from the sea lovel may be different,
the distances may be inclined. They have to

be reduced to surface distance. ,Reference is

made to Clark (10) (vide sketch No.5).

4.28 In.+the figure if A and C be two points, the
distance between which is=s being measured say L,
and 1f their elevatione from sea level be 51{
and h, and if o be the cenire of the earth and
R the radius, then the chord length EF = K, say,
then

EF = K = Lt =Cha=hDILL +(ha-hi)]

EEICED
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and the required arc length EF will be :

2 S
I IR
Arc EF = K'\-m +640R4'

.....

If the slant distance is to be converted
to geovdetic distance, tables can be used givxng
arc 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 calibration velocity

186,218 miles,

A = X152 1:794- v - h) 02477
103 MCH+h)+ \0® ™M 108 M

A = slant distance minus arec distance in
miles. v

M = approximate arc distance in miles
{say recorded slant distance, true
slant distance, chord distance orx
arc distance).

H = Height of station, the distance of
: which is required above sea level.

h = height of ground station above sea
level.

" 4.29 Up till now we have studied the eguipment
and methods for the laying of horizontal ground
control. For providing wvertical 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,



45,

AN

APR 1
Transmitter

A-~28 Stabilized
Mount

» APR Antenna

R, !

-

o~

KC-1 and LS-6
Stabilized Moum

Hypeometer ' APR
_ aniole

—r"'—-\
.
[
1
)

Sketch No.6

Block diagram of the Airbormne Profile Recorder
Systeme.



46.
from the aircraft itself.

4,30 The.basic Airbome Rrofile Recorder system
consiats of the following six units (vide -
sketch No.6), viz.

(i). Console Assembly ~ This assembly
consists of an aluminium cabinet which contains
a dual-pan recorder, timing circuits, monitor
circuits, power supply circuit, and the operator's
conirols,

(ii). Transmitter Receiver - This unit
includes a microwave hybrid duplexef, crystal
detector, magnetron and hydrogenthyratron pulse
moduletor, moduldator drivexr stages, high voltage
power supgly; and five stage video zmplifier.

(iii.) Transmitter—receiver Mounting Tray -
This is a starndard 4 pcint shock mount assembly.

{iv). Inverter — A Jack and Heintz F16-4
inverter is.used. It is capable of converting
the aireraft's 28 V.D.C. supply to closely regu-—
lated 400 c¢ps 115-V alternating current whieh is
used for the power supply and for servo-motorxr
excitation.

{v). Hypsometer Head -~ This is a cylindri-
cal gless~lined container partly filled with
toluene. It includes a thermistecr, resiastor,

condenser and electrical connectors for attach-
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ing the cables to the back panel of fhe console
and to the static lines of the zaircraft.

(vi). Antenna Assembly - This assembly con-
sists of a double dipole in a parabolic reflector.
The antenna is fed from a Type RG-52/U wave-guide
which terminates in a choke coupling.

4.31 The Airborne Profile Recorder as a whole
consists of two distinct measuriné%ystems, 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 radax -
altimeter and the terrain as provided by the
difference between the radar and pressure alti-
meter readings are simultaneously and continuous-—
1y recorded on a paper chart in the instrument.
The clearance record is used to determine the
photographic scale; the profile record provides
veriical control for tepographic pﬁrpoaes. 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 oxr at times impossible to .

adopt 4round survey methods for control. This
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method proves economical both in time and -

\

nmoneye.

4.33 The récorder 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 Aixr Development
Centre (5), with eltitude 3000 f£t. over terrain,
which progressed from flat to rolling to -
mountainous on maps with large scale -~ 10 feet
contours, American National Standard Accuracy
Mabs‘- the elevations wére correct within -

t2.5 ft.

4.35 1t 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. recorxrded at the same
time as of the readings, the relative height of
points can be estaﬁlished within sufficient -
accuracy for 1/50,000 mapping and under optimum
conditions for 1/25000 mapping.
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4.37 Before concluding this chapter we shall re~
capitulate the benefits of uéing electronic in-
struments for establishing the ground control.
They are greater accuracy, acohomy cf time and
nmoney and efficient in conditions wherein other
methods fail. We are no doubt vefj much -
advanced now in the methods of laying horizontal
control. But for wvertical control w%spill 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 c¢an be used in ground sur-~
veying also. It mzy involve measurements of
verticgl,angles to a'higher degree of accuracy

and of the diréct distance, by electronic means.
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CHAPTER 5

ELECTRONICS
IN PLANNING AND EXECUTION OF PHOTOFLIGHTS.

.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.,

.2 Tﬁe success of a photoflight solely depends
on its proper planning. This includes choosing
the proper day, time, equipment including the
type of hirexaft,land pre—~determination of the
flying height, speed, etc. It wilil be interest-
ing to know how electronics has crept into this

5«3 As regards choosing the time and day, we have
to totally depend on the weather bulleﬁins publish-
ed by the Weather Forecast Bureau, as 1s done for '
any flight. In our planning we decide the speed,
flying height, flight line, spacing, etc. - as

s8aid 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 8 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 (13),
also called the Cloud Height Indicator (vidé
sketch No.7).

5«4 This instrument can measure the height of
the clouds from the ground upto about 10,000 ft.
A light beam from the search light is reflected
by the clouds and is réeeived by a photocell
placed at a known horizontal distance from the
search light. Eithexr the light or the photo-
cell is rotated through an angle of 90°. The
cloud height is calculated by simple triasngula-—
tion uéing 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 anplifier to dis-
criminate against the ambient light. The ceilo-
meter scans the cloud 10 times per minute. The
instrument along with other accessories is used
to analywse the cloud data for meteorclogical
purposes. It can also measﬁre the thickness

of the clouds. Other weather instruments used
for forecasting the weaither have been omitted

here although their value to photogrammetry,
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even if indirect, is not negligible. When

the aircraft takes off and starts flying -
elecitronics 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 cqnditions
for the next few miles. As soon as the photo~
graphy.beginé all the flying has to be manually
controlled. Excepting during the take off and
landing operations and pilcting»at the time of
actual photography, the pilots and the crew can
take rest-ﬁrurelax say, by switching ovexr to the
autopilot control. Even when the flight lines
are guite 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 {(less than 3 degrees) etc., and also
is not capable of conitrolling 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 arc in
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the direction, the current generated will be too
feeble and incapable of working the servometer.
In photoflights we cannot allow any irregulari-
ties of this type. In general flying navigation
is very much aided byvmodern instruments, though
the sextant is still used for getting the astro-
nomical fixes along with the equipment like the
radio compass, Decca and o thexr navigator systems.
The Decca navigator system isalready descridbed 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 traéking or controlling
straigﬁt-and pérallel flight lines. Visual
methods have to be resoxrted to, only undér ﬁeeu—
liar conditions like.flyihg over undeveloped
terrain and for large scale mapping where a small
mistake iﬁ traéking may result in missing the
object of photography and consequently in a very
heavy wastage ofvsurvey effort. Depending on
the scale of mapping, the maxiﬁum 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 3
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{1) Straight line tracking
(vide sketch No.8)

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

5.8 1In the straight line_method of tracking;
straight flight lines of any desired orienta-
tions can be flown by Decca, irrespective of

the disposition of the hyperboiic patterns in

the area to be surveyed. The method involves
drawing the.direct flight lines on a Decca 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 manuzal
Plotting, an observer passes. course corrections
to the pilot on the interphone system and in the
latter caée, the flight log system which is =
housed on the dashboard dcoes the work. The
latter assures a higher standard of plotting as
its operation is continuwous. It saves the crew
efforts and gives a full recoxrd throughout the
flight. The manual method needs minimum équip—
ment and can generally be accepted on largse
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, ve use a
decometer. - it is alreudy said that each family
of hyperbola generated by a palr of transmitting
stations situated at <vhe fodal,points,'ia made
up of lines of equal phase difference. The
decometer or phasemeter (vide sketch No.10) is
an instrument in which a pointer rotates and
indicates the position of the prlane, being at
zero when we are on a hyperbolic position line.
With a suitably positioned decometer inatallatidn,
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 pcsiﬁion. The lines though curved ¢an be
assumed to be straight over small areas and for

large scales like 1/2500 etec.

5.10 PFPor ordinary navigation in cése of general
flying all information required for navigation
can be plotted previously on the charts and

flying is done with the help of flight logs or

snall scale track graphs.

5.11 Tha 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.
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« 5.12 The system commonly used these days and which
finds favour with thelndians in particular is the

Doppler system of navigation.

5.13 Fig.11 shows an aircraft emitting two pencils
of radiation downward which are reflected back to
the aircraft. The Doppler principle statés that
when a source of radiation of frequency f.c.p.s

and of wavelength ) cms. moves towards an obser—
ver with a velocity of v cms. per second, the fre-~
quency measured. by the observer is (f + v/ Jc.p.s.
This change"iﬁjfrequency of v/)_ due to relative
motion is referred to as the Dopprler 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 fregmency and the -
received signal frequency from the forward and
backward loocking pair of radiation beams is -
measured. This Qifference is porportional 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 aircraflt 1s drifting.
The frequency difference found on conparison 1is
used to actuate a servo mechanism which rotates

the antenna aligning the radiated beams with the
actual path being flowmne. The angle through which
the antenna rotates is the angle of drift. Accura-
cies of 0.12 have been obtained in the measurement
of dyift, angles on the Dopplerxr systems. The
inportant advantage of the Doppler system is that
all mecsurements are made in the airéraft_w1thout

any assistance from ground stations. X

5«15 The Aocro Service Corporation of ZEngland ocwns
and operntes the RADAN, a commercial model of Doppler
System used for surveaey navigation. The Radan o
congists of a trans-itter, an antenna, & r&céiver,

a gyrocompsass and_a special_computer-which deter-
mines coﬁtinously the distance travelled as well

as the lateral deviation from the pre-selected

track. All this inforaation is availeble in

digital form to the pilot and the datd compiler.
Thesze data cre exactly those that are reguired

for tha'photO5rammatric purpose.

5.16 Experiments Ct i) have rroved that distance
accuracies within 0.2%4 or better c¢can be obtained
with Doppler navigation. This is well within

phologranmre tri¢c raquirementise
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5.17.In a test flight with Aero Services Radan,
a 9 in. x Slin. camexra was triggered by the
Doppler computer at equal intervals. The plane
Qas flown along a straight railroad track. The
actual exposure intervals were then checked by
rhotogrammetrically measuring the ground dis-—
tance between the nadir points of the photo-—
graphse. The maximum error was 9 ft. for a

1500 £t. base i.e. 0.,6%.

5.18 With the help of such accurate systems it
will be very easy to reduce the side laps orxr
lateral overlaps in the actual photography and
the danger of leaving gaps due to poor naviga-
tion will nd% at all exist. Tnis will help

us reduce the nunber of flight strips and ulti-
mately the total-number of photograﬁhs. 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

easiere.

5.19 Doppler can be used at any altitude down
to 400 ft. and at speeds upto about 105 knots.
It caﬁhlso be used on turns with angles of

bank upto 30°.
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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 signél=being received., Cexrtain
stations frog 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 wvery easy. to plot the position

of the aircraft; by uslng 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 To.12 &
13). The coil is mounted on a shaft so that.
it (the coil) may be turned in any direction.
The terminazals of the coil are connected through
a tuning circuit, to a vacuum tube amplifier
leading to a pair of head—phoﬁes; This type
of antenna receives the maximun signal when the
plane of the coil 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 wuse of this instrument
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we can fix the path of travel of the radio wave
but cannct fix the direction definitely. In
other words, on board an aircraft one could not
tell whether the radio wavéi from a particular
radio beacon is coming from east or west but
can only say that their path of travel is east—
west. Vhen employling the maximum xresponse -
method one solution of this problem involves

the addition of a veritical antenna in the shaft
of the loop antenns. The output of the vertical
antenna may be ccmbined.or *eoupled* 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 180° the signzl will be wesker.
In this manner the path and the diryection of the
waves can be determined, by making this improve~
ment. Under conditions of negligible local
noise or static the direction of the radio beacon
may ve determined more accurately with the mini-
mum than with the maiimum response., This is

called the mull method" .

5.22 On the aircraft the loop antenna is usually
located undexneath 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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c¢oll with a non—-magnetic sheath contalning a
short circumferential airgap by housing the |
coil in a streamlined enclosure. With this
equipment, the pilot of an éirplane may either
~ fix his position, aided by a compass, with res-
pect to two radio beacons on land or sea, or
turn the loop sntenna for maximum or minimum

response.

5.23 These days most of the airports and modern
aircraft too arevprovided 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 -
visuail radio compass points the way towards

one of the runways at the airpoft, while another
pointer informs the pilot whether he is flying
over or below the xradio beam which rises gra-
dualiy into the air from a radio beacon, loca—-
ted at the far end of the runway. Approach
markeré 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
liea directly below it. It works on the same
principles as that of the radar and uses the
microwaves {Vide sketch No.14). 1t 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 Jjobs accurately;
~but the effieienc& 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 tem-
perature. Due to these, the crew geta exhaust—
ed very soon. In photoflights the pilots can-
not switch over to the autopilot mechanism and
have to man the plane Ehemsqlves for a long

time. This strain tells upon their performance.
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In ordef to keep up their efficiency, the modern
aireraft is pressurised and temperature-con-
trolled. We have in the beginning atu&ied a
feW"elecfronic control circuits. The same.
type of circuits, with a few modifications are
used for temperature and préssure control.,
Their details would call for a separate and
specialised study and that would be out of the

scope of this dissertatidn.

5.26 Now comes the problem of the safely of the
aircraft. As the aircraft ﬁses'high octane
petiol, 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 posseible los=a of life. Moreover
some survey flighté cannot be repeated at will,
for example fhe rhotography of an eﬁemy terri-~.
tory. The best care should therefore be ~ -
taken against possibilities of fire. The
American National Bureau of Siandards, has deve-
1opedva 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. Roeserxr and

C.S. McCamy of the Bureau's Fire Protection
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Laboratory. The details of the Systém 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-—
teristicas 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 pringciples are provided for other
purposes and a panel with indicator lights assures
the proper working of different instruments and

5.28 All these aidse ensure accurate and safe
filying, which is the basic requirement for carry-
ing out the main part of photogrammetric work
naﬁely the photographye. The instruments also
help us to reduce the number of rersonnel re-—
quired for flights. Flying is quite safe in
peace times but in war times during recon—
naisance ﬁlights over enemy areas the life of
the whole crew is at stake. At present wé 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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CHAP?TER 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 photogrammetry. 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/cms. or better. Now in this chapter
we will see how instrumentation in the procése-

ing field has helped us tq&chieve good results.

6.2 The quality of the photographs depends
largely on the type of the camera used. The
lens is the main;parf and must be very properly
designed. The American Bureau of Stahdards
has develoﬁed a computer routine to assist in
the design of optical lenses. The method
called Lenétar wag developed by D.C. Friedman

of the Data Processing System Laboratory.
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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-oxdinates of the ray at gsix
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 pléne 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. Lenastar however makes it
possible for the lens designer to select what
seems to him the best of aseveral images éfter

actual visual comparisone.

6.4 As the different objects in an image possess
differsent hues in a wide diversity, a particular
film filter combination will not be efficient
for adeguately separating the different objects.
So the itype ofthe film filtexr 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_speciél 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.CQrporaﬁion have built a -
"portable reflectance spectrometer" (4). Its
ma jor components are largely production items. -
The motor generator sedt, for instance, consists
of a standard two cyele air cooled gasoline
engine coupled with an electric genefator.

The lamp is a high pressure'Zenon arc lamp.
Other parits are, signal amplifier, recorder and
recorﬂer-amplifiér, fhe photo-multiplier, high

voltage source, the wave length drive motor, etc.

6.5 Now, we mayAexamine how electronics has
helped making better aerial cameras and their
accessories., Since long wghave started the
use of the automatic camefas. They sre all
electrically operated. The exposure and re-—
winding of films, and even the change of film

magazines are donthectrically (9).

6.6 The control for the ahtomaticvoperation
of cameras consists of a small box fitted in the

operator's cockpit showing four diale and push

3
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buttons 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 mecha-—
nism, indicating the number of seconds
betwaen 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 wheneverxr required and does not
interfere with the automatic operation
of the camera by the time switca.

A motor also operates the camera geér box to
effect the winding of film. In many cameras,
é 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 operétor of many
of his responsibilities and makes him free to

attend to other jobs like guiding the pilot €o
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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 owverlap,
if required, etc., by observing the wview finder.
The control can also te connected with signal
lamps zrranged so that botﬁ pilot and cameraman
can obgserve the instant of exposure. The de-
vice of the signal._.is also used for giving a
warning, before an exposure is made, so that

the pilot canlevel off and the cameraman can
level up his camera. Thusa 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 ﬁilt 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
fﬁlly automatic mounts are remote controlled

and can thus be placed even in an inaccessible
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place. As an example, an airéraft doihg -
reconnaissance wonk over enemy territory can
mount the camera in the bomb bay or on = wing;
The remote controlled mechanism can do away
with 2 cameraman. Such aircraft must be able
to climb out_of‘range of an#iuaircraft fire
quickly and to fly fast enough to outrun enemy
airplanes. This 'calls for reduction of un=-
necessary weight. With the automatic camera
mouﬁts, the aircraft can be stripped of alil
excess weight, such as armament and the weight
of a cameraman, to give it its maxioum éffi-

ciencyg

6.9 Tha”recoﬂnaissance planes nesd high speeds.
As a:result of this, the image-shows what is
known as the 'image movement'. So the image
~irregular1ties preseht a problem. To reduce
the irregularities wéuse thé best available
shutter mechanisms and reduce the exposﬁre time.
But certain amount of image movement does show.
To overcomre this, a mechanical panning system
wag de#eloped by the U.S. ﬁavy ﬁersonnel of
Experimental Project Branch Overhaul and Repair,
California, and was named the 'Wiggler' {(vide
sketch No.15). It is meent for use with the

conventional serial cameras that are flown in

62,3 77
LENT R /.- NOURKEE,
M)y KprkR
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jet aircraft (2). I% scceomplishes image move-—
ment compensatlion through camerz oscillation,
which w=s formerly manually done in the old
panning syaten first tried by Mr. I.csee. “he
panhing‘;system vas one of the simplest methsds
for stopping image movemnent. In the panning
syaten the camera was moved along with the moving:
object and the pisture was snagprred when the
cameya and the image in the view-finder appeared
to be moving at the same spsed., This method
was first tried by Mr. Losee vwhen taking verti-
eal photographs of timber in Canada for the
purpose of inventorye. Tﬁe succese of this
method entirely depended on the operatar'anskill.
In *Wiggler?! system the pilot has eompléte con-
trol sver the instrument for the varying alti-
tudes and ground speeds. in oper?tign an
electrical inpulse energlizes a dyrive motor in
the 'Wiggier' which c¢seclllates the comerxa.

The Flanning method needed an o;erﬁtar anG kept
him busy threush the flight, whereas the =
*viggler' ise operatéd by the.pilot himself and
he doea nct have to look after it once he sets
it on. 0f all the systems devised to over-
come image movement, the 'uviggler' has proved

to be the least expensive and tne usimplest to
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build and maintaine.

6410 All these developments are very interesti-
ing but we are still left with the major problem
of getting more accurate information on the
negative and of being able to reproduce this
informaticn 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 ‘good' latent images on the £ilm. 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
remaing, 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 gbod negative if

the prints do not record the maximum detéils

to utmost accuracy, thé whole plotting will

be affected and inaccuraté maps will be the
result. It is beyond doubt that in every stage,
printing, reduction or enlargement, etc. there
is definite loss of detail. Thie increases
our responsibility still more. To ensure

a very careful and efficient treatment of the
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Sketch No.16
Pilm Developing Outfit.
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negatives and prints, it is advisable to ex-
clude human element and woxrk with the electro-
nic equipment. We will study the equipment

Nnowa.

-

11 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 typé, one each for developi@g, fixing
and washing. They are provided with drains
at the bottom. A special attachment permits
winding the exposed film directly from the take
up apdol of the magazine to the reel assembly.
The reels eanatake—400 ft. of film 9" wide.

The upper part of the %eel assembly accommodates
the re-wind mechanism. An electric motor drive
ié built into a watertight encasement. Hand
eranks 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
ia done on an electric dryer (vide sketch No.17).

It comprises a plastic drain tank from where
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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 dgsired 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 over-
load clutch stops the motion in case the take
up reel gets overloaded. It processés a 9"
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 describved (vide sketch No.18). It takes a
£ilm 12'x 12", The timer can be set from 0.1
to 6 seconds or 1 to 60 seconds. The procedure
ie :
(1) Check the negative material in special
bulbs provided.
(2) Preparation for exposure by putting on
the necegsary lamps.

(3) Exposure.
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Block Schematic Diagram of the
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6.14 The electric dark room equipment discussed
above is of great use. Mechanical damageé like
scratches, deformations on account of excessive
stfains, 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 loss of.detail in bright .
light and shadows. it is also unfortunate that
the shadow detail is generally of a much iower
contrast, Even with the 'good negative', it
is still necessary to resoxrt to some form of
shading during the printing process. A good
negative exhibits uniform contrast, sharf and
well defined images, resolution.of 40 lines mm.
The best avaiiéble 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 Upited 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
ia_é cathode ray tube which produces & small spot
of light due to the bombardment of a phosphor
screen by an eleciron bdbeame. 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 spot is made to scan an
area of the face of the tﬁbe in a series,of'
lines by applying suitable deflecting wave-forms
to the cathode ray tube. The 1ight from this
scanning spot is projected on to the negative
and paper, at a suitable magnification, so that
each amall area of the paper receives a brief
exposure each time the spot scans the negative.
The light is 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 thﬁémount of amplificaiion of

the photocell voltage, it is possible to vary
the amount 0f 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 woxk in the straight
1ine'region ofthe characteristic curve for
-every film. Vhen a photographic emulsion is
exposed in a sensitometer and the densities
obtained after‘devélopment are plotted against
logarithmse of exposure a curve is produced -
which is called a characteristic curve. Pig.

20 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‘ovaruexpose some portion
and under—expose some portion of each such
photograph. Generally under—-exposed portions
show low contrast andilose'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-
ment, we have to use fast films. Fog is more
in fast films than in slow filma. 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 subject. An elactronic printex
helps to achieve better resolution, uniform
density and better contrast from even a bad
negative. This isvvery important as the cosat
of aeriai photography and the amount of labour
put in for the same is very high and it is
very difficult to re-photograph an area in
case the yhotogfaphy 18 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 slighitly bad
photography. ©One difficult problem is thus

solved.

6.17 The more difficult problem we have to face
is verticality. With all the modern eguip~
ment it is praciically impossible to avoid a
very small deviation from verticality. By

the modern gyroseopic controls it is eveniually
possible to confine the amount of tilt to

about 15 minutes.

6.18 The effect of tilt is most noticeable
wheré elevation data are determined from aerial
photographs. Even planimetric maps of flat

terrain cannot be traced from aerial photographs
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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 noar the eentre is correct -then the scale
is smaller on the gide that is tilted upwazrd

and bigger on the side tilted Gownward.

6.20 The 1ilt also causes image displacements.
Due to the tilt images are displaced radlally
towards the isocentre on the lowerside and away
from the iscocentre on the upper side. Along
the axis of tilt there is no displacement -

relative to an eguivalent untiited photograph.

6.21 Because of the change in scale and dis-
placement of images, Gthe shapes of areas on
tilted photographs are not simlilar to the -
corrésponding shapes on th#ﬁap or an eguivalent
untiltéd photograph. Thus in laying mosaics
areas near the edge of one photograph will not
have thevsame size and shape as on an adjoining
photograph. In graphic compilation of map
details from rhotographs, 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 rTadial plotting we assume that the angles
subitended by the photographic images at the -~
radinl centre are equal to the corresponding
angles on the ground. fhis holus good in
case of vorticel photogyraphs only, where the
principa} point which is also the nadir is

used as the centre. In case of flat terrains,
the isocentre can be used as radial centrq‘for
tilted photographs also. Relief when present
alaé causes image displacement as the scale
chéngeg due to relief. These displacements

are radial from the nadir. Digplacecmentes due
o tilf and due to relief are entirely in-
dapenﬁent; S0 in the case of radial plﬁtting
from tilted photograpbs of a terrzin with -
relief neither the nadir nor the isocentire can
be chosen as radial centre and radial plotting
can only be accomplished after duly rectifying
the photographs.

6.23 T11lt thus poses £ scrious problem. The
modern plotting machines can deal with tilted
photographs for the purpose of plotting.
Rectification (which is dealt with in the next
chapter) also helps us to reduce these errors

to a certain extont. For goetting exact values
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of tilt~deformation the tilt has to be calcu-
lated. 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 computers.

6.24 In the forthcoming years, nc pains shculd
be spared to find methods for teking absolutely
vertical rhotographs or atleast forvmeasuring
the tilt sccurately 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 direction of the resultant
tilt. So if we ¢an accurately record the nadir
along with the principai pcint on the photo-
graph 2t the time of photography, c¢azlculation

of tilt will be much simpler and rzdial plotting

or mosaicing will be much facilitated.
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CHAPTER T

ELECTRONICS YN RECTIFICATION, AUTOMATIC PLOTTING
AND MAP COMPILATION.

T+1 Plotting and printing are the last stages
of the work in photogrammetry for mapping.
Mapping from photograrhe ig equélly éccurate
and very much guickexr in comparison wiith -
mapping by ordinary survey nethods, if proper
photogrammetric eguipment is used and proper

care is taken.

7.2 It is a well accepted fact that no aerial
prhetographs can be truly vertical but are only
nearly vertical. For converting a tilted
phofograph into oneé having no tilt a photo-
graphic procedure called Rectification is -
adopted. A photograph that is reproduced
by'rec%ifieation is equivalent geometrically
only to one taken from the original camazra
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 leangth can be used for recti-~

fication.
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7.3 Photographs are very commonly used for
prepaering 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 phoitograph 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 1ince method or the sloited templet method,
the accuracy increases considerably, if recti-
fied photographs are used. Thuis proves the
importance of rectitficaotion in photogrammetry.
The Zeiss Autometic Reciifier. SEGV is des-

cribed below.

7.4 The Zeiss Auto—~focussing Rectifier SEGV
is fully asutomatic and has a vanishing point
control (23). Ffig.21 shows the details of its
construciion. In a normal rectifier tvhe condi-
tions to be satisfied are as below :-~
(i) Distance condition -~ that the product
of the distance of the image plane and
that of the projection plane, nmust

aqual the esquare of the effective
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focal length. This is known as the
Newton's I.ens equation.

(ii) Schiempflug condition - that the lens
plane, the lmage plane and the plane
of projection must intersect in one

common line.

In addition the SECV satisiies ithe -
vanishing roint condition which says “"contrary
to the condition prevailing at the moment of
exposure, the optical axis of the rectifying
lens is not at right angles to the imagse plane.
Furthermore thq%ocal iength of the taking
camera wili not uvsually be identical with that
of the projeétion lens. Therefore the -
rectifying pencil of xays will not he con-
gruent with the taking pencils of rays in the
camera®. In ordex to satisfy this condition
the aerial photograph has to be displaced by
a certain distance with reference to the opti-
cal axis at the rectifier. In the auﬁomatié
rectifier all these are automatically satis-
fied without any delay. The distance con-
dition is satisfied by means of a cam -
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 systemnm
are set in accordance with the distance con-
&ition by means of a contact on the inverscr
came. The Schienpflug condition is satisfied
by a special carpentier inversor based cn the
principle of gnomonic reciproeal 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
coentacts are set mechanically in conformity
with certain mathematical relations. The
respective bridge conneétions would be -
balanced i.e. null if the potentiometer con-
tacts d¥X and d¥., viz. the displacement to be
given to the negative carrier, were correctly
set. As long as this is not the case, an
electrical current continues to flow through
an electronic amplifier and is used for dxriving
aervomotors 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.
nis instrument is very accurate, convenient

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

TeS5 As seen above the present optical recti-
fiers do perform a satisfactory transformation
of the obligue copy to a rectified print. in
order to handle a complete range of photo-
sraphs from various cameras and the tilt angles
and scales invelved, a large number of recti-
fiers is required for any complete installation.
Jloreover unusually long foczsli length cameras

requlre a gpecial rectifier for high tilt angles.

7.6 Captain Ross of Rome Air Development Centre,
New York and Pr. ILavine of Fair-~-Child Graphic
Bgquipment, New York, have brought out the design
of a Universal Phologrammetriec Electronic -
Kectifier. The very fact that it can accept
prhotographs from cauneras of all focal lengths
and all t11t angles and give rectified prints
goes to show that selectronic meihods increcase

the ran_ e and the efficlency of the rectifiers.

77T In the meantime a copy is placed on the
transparent cylindrical copy carriage at the
left ¢f the machine with the principal line
parallel 0 the axis of the copy carriage. "The
transparency is illuminated by curved blue
flourescent tube underneath the copy carriage.

Scanning is accomplished by an oe¢sillating
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mirroxy placed above and on the axis of'fhe~
copy holder. As the oscillating mirror scané
a line, the copy carriage advances znd thus
the entire phovograph is scanned line by line.
A lens focuses the copy imagé on an aparture
plate in front of a photo multiplier tube and
the light energy is converted ilnto an electro-
nic signal. An amplifier modifieé the signal
as recguired. The greater théamount of light
Passing through the copy at any given point,
the greater will be electrical signal output
from the photo-mulsiplicr. The signal actuates
an ultrasconic light moduwlator mounted on a
carriage, which moves parallel to the axis of a
recoxrding cylinder where a photo sensitive

paper is exposed to give a rectified print.

7.8 The design specificstions of the Universal

Eleetronic Rectltiier are as bhelow t—

i) Camera focal length 3n to 100"

ii) Tilt angles Q° to 800

iii) Tip angles o° to  15°

iv) Resolution 00 lines per inche.
v) Copy size upto g® x 418"

vi) Maximum reproduction size 36" x 48"
vii) Chan_e of scale range 1/3 to 3 times

viii) Recording material - Standard photographic
paper.
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T7+9 DBecause of the accelerated development of
the parts of the earéh 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 contradictbry such as a maximum pre-
¢ision, completeness and speed at minimum cost.
Precision can be increased by increaéing the
density of control. Completeness and speed
can be inc;eased by enlarging the scale of
photography. This ultimately increases the

cost.

T«10 Horizontal and vertical control can be
provided by ground survey me thods. Plani-
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 plani-—
metric details we can use the graphical methods
of aerial ITriangulation 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 & control network
for plotting of planimetry. If spot heights
and contours are also reguired from the photo-

graphs, then we have to use spatial methods..

7T.12 For the purpose of plotting, determining
spot heights and contouring from a stereoscopic
pair of photographs, the minimum requirement

is five poiﬁts 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
aupply  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

l1g extended, the method of extension is known



as the cantilever method.

713 Until féirly recently the most accurate
method of extension of vertical as well as
horizontal contrcl was aerial triangulation of
strips on plotting machines, followed by the
transformation of the obtained strip co-
ordinates to th#ﬁap projection system. Since
the beginning of photogrammetric mapping, .
analytical aerial triangulation has been con-
gsidered a potential method. In this method
the co—ordinates of points are measured on

the photograph. The map co-ordinates are
derived from these phoﬁoco-ordinates by com—
putation only. - Till recently the analytical
triangﬁlatién was not practicable for two rea-
sons. First no precise stereocomparators
were available to read the co-ordinates and
seccondly the required computations were time
consuminge. The new comparators and electro-
nic ccﬁputers 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 stéreopair 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, rgfraction 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~qrdinates, 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 -
machines. A greater accuracy can be achieved
because the measured co-ordinates can be correct-
ed for all determinadble 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 resfricted
by any limitations like those in the instru-
mental aerial triangulation. 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 decimai

placed used in computations.

717 In instrumental triangulation the accuracy
depends on the ability of'the operator to remove
parallaxes and theredby orient the photographs.
In analytical orientation a correct orientation
of thelcamera is automatically achieved. 1In

the instrumental method any siight inaccuracy

in centering the photograph in the plate holder
results in distorting the bundle of rays.

718 The higher accuracy of analytical triangu-—
lation makes it possible to reduce the number
" of ground control points and thus the cost of
fieid surveys. The number of photogrammetric

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 AT and A9 or Zeiss
Stereoplanigraph C8 etc. At present these .
instruments do aerial triangulation and provide
control and feed work for about eight plotters
like wild A8, The importance of these Wild
A7 and A9 Autographs etc. will considerably

go down in the years to come.

7220 The report of the aserial 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 ahd compensated Autograph A7 co~ordinates,
the mean square errors were dx = 1T 4.8 cm.

dy = X 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
sciehtifio and engineering problems is poassible
ouly after detailed numerical computations.
Such computations ffequently present formida-— |
ble practical difficulties. The latest and
the most advanced elegant methods of electro-
nics and automatic-cohtrol engineering ﬁave .
made it possible to bring into use the high

speed automatic computing machine known as the

Electronic Computers.

7.22 Electronic computers are classified as
analoguve computers and digital computers. The
analogue computers are of, nurely scientific

use.

T+23 The digital éomputers as the name indicates,
deal with digits. Moest of éhe digital com—
puters work with digits in the binary scale,

in which all digits are in either zZero or'ane.v
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
tapee. The input is generally automatic and

the information is printed or punched by -
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(a) Photoelectric scanning '
(b) Fluorescent ink spots
(é) Magnetic recording
(d) Magnetized spots
(e) Magnetic ink character sensing.
’(The description of all these is out of‘the

scope of this dissertation.)

i1)  Arithmetic Unit - It is here that the
actual calculations and logical discussions
are made. Tﬁe logical discussions depend upon
aritimetic discussions of equality and great—
ness. The ﬁnit 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.

iii) 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 ?ontrols
the operation of the whole system. A computer
has t0 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
. 0f storage and switching c¢irculits throughout

the machine.

v) Outpht 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. .

T7.24 In the analogue computers physical -
guantities such as voltage, shaft rotations,
etc. are made toobey mathematical relations
comparable to those of the original problem.
They are of different types viz. mechanical,
eledtrical, electromechanical, etc. The
adaptability of a particular type depends on
the availability of computing elements to

establish the deéired mathematical relation.

7+25 In comparison with digital computers,
Analogue computers are less accurate but are
less expensive and often easier to consiruct.
They are thus very useful in arplications 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), legibi-

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.V%. 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 eguipment. 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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operation of clearing paralliax 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
takesa 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 locétion of ‘the -

terrain surface réspectiveiy (vide sketch No.

23).

7.28 The clearing of parallax between two -
images requires that the corresponding points
in the images be idenpified and located with
respect to each other. | Stereomat uses the
method of *flying spot'! scanning i.e. scanning
a small area by a apot light moving in a -
random pattern. Here a cathode ray tube
light-source and photoelectric cell-sensing
-means arevemployed.. The spot of light pro-
duced by the electron beam striking the fluo-
rescent screen in the cathode ray tube, may be
moved about the screen area in response to the
voltages applied to coils which deflect the
electron beam from its normal central position.

The amount of 1light 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 sach photograph. If there is
a difference in densities of the images pro—.
duced on the two photocells, the photocells
drive servomotors and éxecute corresponding
movements on the surface of photographs so that
the image densities c¢oincide and thus the para-
1lax between the two images is automatically
removed. The stereomat is at present applied
to plotters of the Kelsh 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 t{errain.

T7+29 A new photogrammetric measuring device
known as the Terrain Data Translator (2) has
recently been developed and field tested by
the Bensor-Lehner corporatibn of Los Angels.

I1ts primary purpose is to provide ground -
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cross-section ahd profile in digital form -
directly from thq stereo model as viewed in the
double projeetion or Kelsh type astereoplotter,
or directly from a tovographic map sneet. The
record of thé terrain data can be obtalined 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
operatore. Other uspplications of the Data -
Translator involve volume determination of coal
piiea, borrow pits, ete. and reservoir areas.
It is alsq useful for measuring the ground sur-
face subsidence arocund mines and oil fields.

1t permits increased accuracy and significant

savings in terms of both time and money.

T30 The sketch (vide sketch No.24 & 25) shows
the main components of the Terrain Data Trans-—

lator gsystem without the typer and key punch.

T.31 The ihstrument 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. 1t
providea means to feed the digital computer
also. The elevation reading at each point,
together with the distance right or left of
the céncre line, is automatically recorded
when the operator presses 8 button locatoed at
the cont-ol unite. Gearing arrangements exhi-
bits true heizhts and distances with common
scale range. Its price, design and flexibi-
1ity ailow for tha calculation of a nominal
amortigation figure without ﬁndue threat of

a large loss arising from early obsolescence.

T7+32 Currently undey development is the -
Automafic Map Compilation System (2), designed
to produce a true orthographic photomep from
each conjugate pair of serial diapositives

- without establishing a stereo-model. Groups
of such outputs assembled together make a com~
posite photomap, corrected for relief aircraft

$ilt, scale change, adjustment to control etc.

7«33 The system operates by scanning electro-
nically those conjugates points on the two
dispositives which 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 -
inforﬁation flow and the control connections of
the autom-.tic map compilation system, currently

constructed and which is being furither developed.

7+35 The heart of the system is =z computer in
which most of the control si_nals originate.
It not only solves the equations, but provides

timings and programme for all other operations.

7.36 The whole system can be divided into two
parts viz. (1) the scanning and matching section
and (2) the printing section. In the scanning
and matching section a straight profile is cut
vhrough the model ( x held constant) by auto-
matically scanning and maitching the correspond-
ing conjugate profile points oan the two.disposi~

tives. In the printing section the dispositive
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is agalin scanned along the irregular linz made
up of recorded (x; , y, ) velues and simulta~
neously the video signals are printed ocut

along a strai.ht l1ine on a photomap.

737 The manufacturers are at upresent testing
the instrument and a test result says that

the results were quite encouraging when a mao
was prepared from 1/40,000 photography and the
terrain which was highly undulating with abrupt
elevation changes and containing no cultural

A features and sparse topographical detail.

7.38 In many instances, electronics though at
our service is not noticed at all. The higher
order plotiing instruments are very delicate
and sensitive. Vhen their X and ¥ carrizges
move out beyond a pértain_limit 80 &8 ?o cause
damage to the instrument, an electric caution
signal rin.s, informing the operator to reverse
movement. The signal thus yrotects the instru~
ment and is of great importaﬁce. In the Zeiss
Stereoplanigraph C8, certain innovations were
recently made (25), with specizl attention to
the new semi-numerical methods; lefthand and
righthand miniature motors with reducticon gears
are now provided for a long convenient setting

of tip and tilt corrections 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 clutech is
provided; this facilitates setting. The
retraciing and releasing of the drawing penéil
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 mapy printing office in the

wet plate process, the machinery used for making

the wet plates (Centrifuger) wcrka on an -
electric motor. All the printin; machines are
of rotary type.  They also work on electric
motors.

T+40 Thanks to électronics.which helps us -

throughout in all the stages of our work.
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CHAPTER 8

SULTIARY

(Ref. 1.1 to 1.5) -~ Vilth the introduction af
electronic devices in =211 fields of applied
sciences, photogrammetry has wmade 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 wvarying conditioms 1s perhaps the most
significant difference between electronic and

non-electronic devices.

{Ref.2.1 to 2.14) = The choice of electronic
ingtruments is'justifiable bescause of their
particular advantages over othexr instruments,
viz. versatility, speed of response, adaptabi-
lity to varicus 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 photogrammetric instrumentation. Fast res-

ponse, hish accuracy, unattended control and

remote operation are their main characteristics.

{Ref.4.1 to 4.37) — In the work of laying of
ground control in photogrammetry the iintroduc—
tion of electronic instruments using iiicrowaves,
€. 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) - QModern navigation systems

lixke thé'decca navigator sysﬁem and doppler. sys-—
tem and equipment like autopilot, fire detector,
etc. have made photoflights accurate and safe.

They also help to reduce the air crew.

(Ref. 6.1 to 6.24) -~ The devices like Viggler
help us overcome image motion which is otherwise
a serious problem. The electronic dark “room
equipment like the electronic printer, electric
film, developing and pxinting outfit, etc. help
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us avolid 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 facilitaetes the
calculations of aerial triangulation to a great
extent. The development of the spot scanning
technigque and automatic parallax removal tech-—
nique made it possible to design auvomatic -
rlotting and contouring equipment. In éYvery
phase of work in photogrammetric mapping -
electronic equipment has an immeasurable -~

importance.
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