UNIT II: Electro Magnetic Radiation — Spectrum — Energy Interaction —

Ideal remote Sensing System — Platforms.

Electro Magnetic Radiation

Electromagnetic (EM) radiation is a form of energy that is all around us and takes many
forms, such as radio waves, microwaves, X-rays and gamma rays. Sunlight is also a form of
EM energy, but visible light is only a small portion of the EM spectrum, which contains a

broad range of electromagnetic wavelengths.

Electromagnetic waves are formed when an electric field couples with a magnetic field.
Magnetic and electric fields of an electromagnetic wave are perpendicular to each other and

to the direction of the wave.

The waves have certain characteristics, given as frequency, wavelength or energy.

A wavelength is the distance between two consecutive peaks of a wave. This distance is

given in meters (m) or fractions thereof. Frequency is the number of waves that form in a



given length of time. It is usually measured as the number of wave cycles per second, or hertz
(Hz). A short wavelength means that the frequency will be higher because one cycle can pass
in a shorter amount of time. Similarly, a longer wavelength has a lower frequency because

each cycle takes longer to complete.

The EM spectrum

EM radiation spans an enormous range of wavelengths and frequencies. This range is known
as the electromagnetic spectrum. The EM spectrum is generally divided into seven regions, in
order of decreasing wavelength and increasing energy and frequency. The common
designations are: radio waves, microwaves, infrared (IR), visible light, ultraviolet (UV), X-
rays and gamma rays. Typically, lower-energy radiation, such as radio waves, is expressed as
frequency; microwaves, infrared, visible and UV light are usually expressed as wavelength;
and higher-energy radiation, such as X-rays and gamma rays, is expressed in terms of energy

per photon.
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Radio waves

Radio waves are at the lowest range of the EM spectrum, with frequencies of up to about 30
billion hertz, or 30 gigahertz (GHz), and wavelengths greater than about 10 millimeters (0.4
inches). Radio is used primarily for communications including voice, data and entertainment

media.

Microwaves

Microwaves fall in the range of the EM spectrum between radio and IR. They have

frequencies from about 3 GHz up to about 30 trillion hertz, or 30 terahertz (THz), and



wavelengths of about 10 mm (0.4 inches) to 100 micrometers (pum), or 0.004 inches.
Microwaves are used for high bandwidth communications, radar and as a heat source for

microwave ovens and industrial applications.

Infrared

Infrared is in the range of the EM spectrum between microwaves and visible light. IR has
frequencies from about 30 THz up to about 400 THz and wavelengths of about 100 pm
(0.004 inches) to 740 nanometers (nm), or 0.00003 inches. IR light is invisible to human

eyes, but we can feel it as heat if the intensity is sufficient.

Visible light

Visible light is found in the middle of the EM spectrum, between IR and UV. It has
frequencies of about 400 THz to 800 THz and wavelengths of about 740 nm (0.00003 inches)
to 380 nm (.000015 inches). More generally, visible light is defined as the wavelengths that

are visible to most human eyes.

Ultraviolet

Ultraviolet light is in the range of the EM spectrum between visible light and X-rays. It has
frequencies of about 8 x 10'*to 3 x 10" Hz and wavelengths of about 380 nm (.000015
inches) to about 10 nm (0.0000004 inches). UV light is a component of sunlight; however, it
is invisible to the human eye. It has numerous medical and industrial applications, but it can
damage living tissue.

X-rays

X-rays are roughly classified into two types: soft X-rays and hard X-rays. Soft X-rays
comprise the range of the EM spectrum between UV and gamma rays. Soft X-rays have
frequencies of about 3 x 10'°to about 10'® Hz and wavelengths of about 10 nm (4 x
107" inches) to about 100 picometers (pm), or 4 x 10 *inches. Hard X-rays occupy the same
region of the EM spectrum as gamma rays. The only difference between them is their source:
X-rays are produced by accelerating electrons, while gamma rays are produced by atomic
nuclei.

Gamma-rays

Gamma-rays are in the range of the spectrum above soft X-rays. Gamma-rays have

frequencies greater than about 10'® Hz and wavelengths of less than 100 pm (4 x 10™ inches).



Gamma radiation causes damage to living tissue, which makes it useful for killing cancer
cells when applied in carefully measured doses to small regions. Uncontrolled exposure,
though, is extremely dangerous to humans.

Energy Interactions with the Atmosphere

All radiation used for remote sensing passes through the atmosphere before and after it has
interacted with the Earth's surface. The atmosphere alters the radiation's frequency, intensity,
and direction. In reality, of course, atmospheric effects on remotely sensed imagery are
complex and diverse. Radiance measured by an air- or space-borne sensor is affected by
numerous factors, not solely diffuse sky irradiance between the sensor and the target on the
Earth's surface. The atmosphere mainly affects the visible and infrared wavelengths and has
more minor effects on the microwave wavelength. There are three physical processes

involved:
SCATTERING: This changes the direction and intensity of radiation.

ABSORPTION: The incident radiation is retained by constituent parts of the atmosphere,

thereby reducing its intensity.

REFRACTION: This change the direction of radiation as it passes through the atmosphere.
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Atmospheric scattering
Scattering

Scattering is the redirection of electromagnetic radiation by particles suspended in the
atmosphere. Atmospheric scattering is a function of the wavelength of the incident radiant
energy and the size of the gas molecule, dust particle and / or water vapour droplet
encountered in the atmosphere. The atmospheric path length (shorter as radiation reaches the

Earth's surface at noon compared with sunrise and sunset) also affects scatter.

The amount of scattering which takes place depends on the size of the atmospheric particles,
the abundance of these particles, the wavelength of the electromagnetic radiation, and the

depth of the atmosphere. There are four main types of scattering:

% Rayleigh scattering
¢ Mie Scattering
% Non-selective scattering

¢ Raman scattering

Rayleigh scattering is caused by gases in the upper atmosphere, more specifically by
particles that are smaller than the wavelength of the radiation. As shown by the equation

below, the degree of scattering (T)is inversely proportional to the fourth power of wavelength
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The diagram below shows that Rayleigh scattering is much greater for shorter wavelengths

compared to longer wavelengths.
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Mie scattering relates to particles that are equal in size to the wavelength of the radiation. In
the context of the visible part of the spectrum especially, this type of scattering is caused by
water vapour and dust, both of which are found in the lower atmosphere. Unlike Rayleigh

scattering, Mie scattering is much less dependent on wavelength.

Non-selective scattering is caused by particles that are much larger than the incident
radiation e.g. water droplets and large dust particles. It generally takes place in the lower
atmosphere. Non-selective scattering is not wavelength dependent: all wavelengths are

scattered equally. This type of scattering is the primary cause of haze in remotely sensed

imagery.
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Raman scattering occurs as a photon has an elastic collision with molecules, resulting in a
loss or gain in energy. Such scattering can increase or decrease the wavelength of radiation

and is associated with atmospheric particles of any size or material.

Absorption

Atmospheric absorption is the process by which radiant energy is retained by substances in
the atmosphere. The many different gases and particles within the atmosphere absorb
radiation at both longer and shorter wavelengths than visible light. Unlike scattering, there is
a loss of energy as part of this process. Energy acquired by the atmosphere in this way is
radiated at longer wavelengths. There are three main absorbers of radiant energy in the

atmosphere:

= Ozone (O3) in the upper atmosphere, which absorbs ultra-violet light

= Carbon dioxide (CO2) in the lower atmosphere, which absorbs mid and far infra-red
wavelengths

= Water vapour in the lower atmosphere, which absorbs far infra-red wavelengths

= Refraction

= Refraction occurs when electro-magnetic radiation passes from one medium to a

second medium of different density. This occurs in the atmosphere where it is



stratified. In a stable atmosphere, its effects are minimal. In a turbulent atmosphere,
refraction influences the direction of incident and outgoing radiation, thereby

affecting the geometric accuracy of a remotely sensed image
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ATMOSPHERIC WINDOWS

There are some wavelengths of the electromagnetic spectrum where atmospheric absorption
is high and others where it is low. Areas of low absorption are sometimes referred to
as atmospheric windows and it is these regions of the spectrum that provide the best

opportunity for remote sensing. The key atmospheric windows are:

= The visible window (0.4 - 0.9 um)
= The near infra-red window (1.5 - 1.75 um, 2 - 2.4 um)
= The far infra-red window (3 - 5 um, 8 - 14 pum)

ENERGY INTERACTIONS WITH THE EARTH’S SURFACE

The interaction of electro-magnetic radiation with the Earth's surface is driven by three
physical processes: reflection, absorption, and transmission of radiation. Absorption involves
a reduction in radiation intensity as its energy is converted on reaching an object on the
Earth's surface. Reflection involves the returning or throwback of the radiation incident on an



object on the Earth's surface, whilst transmission entails the transfer of radiative energy from
an object on the Earth's surface to surrounding bodies.

These processes, reflection, absorption and transmission are specific to each object on the

Earth's surface and so vary from one place to the next. Furthermore, a sensor as used in

remote sensing measures just one of these, namely reflection.

A more specific concept, spectral reflectance, underpins much remote sensing. Spectral

reflectance refers to the amount of reflectance in a specified wavelength range. Spectral

reflectance depends on:

>
>

the type of material at the Earth's surface

the nature of the surface, particularly whether it is a rough surface or a smooth
surface. Smooth surfaces produce what is known as specular reflection, where the
reflected radiation is concentrated in a particular direction that can be calculated from
the geometry of the object and source of incident radiation. Rough surfaces
produce diffuse reflection, where radiation is reflected in disparate directions.

the wavelength of the incident radiation

other factors, such as the slope of the surface, its condition, and so on.




Each object on the Earth's surface has its own unique spectral properties - reflection,
absorption, and radiation. These properties combine to produce a spectral signature and it is
these spectral signatures that can be used to distinguish one object from another. Spectral
signatures are conventionally plotted as a percentage reflectance (on the Y axis) against
wavelength (on the X axis). The illustration below shows some generalized spectral
signatures for different types of Earth surface materials for the visible, near infra-red, and
short-wave infra-red parts of the spectrum. Notice for example how the reflectance properties
for water are lower across most wavebands than the terrestrial surfaces shown in this

llustration.

A spectral signature can give us valuable insights into an object's characteristics and we can
of course crudely relate reflectance in the visible portion of the spectrum to its colour as

perceived by the human eye.
FUNDAMENTALS OF REMOTE SENSING

Remote sensing is the science (and to some extent, art) of acquiring information about the
Earth's surface without actually being in contact with it. This is done by sensing and
recording reflected or emitted energy and processing, analyzing, and applying that

information.

In much of remote sensing, the process involves an interaction between incident radiation
and the targets of interest. This is exemplified by the use of imaging systems where the
following seven elements are involved. Note, however that remote sensing also involves the

sensing of emitted energy and the use of non-imaging sensors.
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1. Energy Source or lllumination (A) - the first requirement for remote sensing is to have
an energy source which illuminates or provides electromagnetic energy to the target of
interest.

2. Radiation and the Atmosphere (B) - as the energy travels from its source to the target, it
will come in contact with and interact with the atmosphere it passes through. This interaction
may take place a second time as the energy travels from the target to the sensor.

3. Interaction with the Target (C) - once the energy makes its way to the target through the
atmosphere, it interacts with the target depending on the properties of both the target and the
radiation.

4. Recording of Energy by the Sensor (D) - after the energy has been scattered by, or
emitted from the target, we require a sensor (remote - not in contact with the target) to collect
and record the electromagnetic radiation.

5. Transmission, Reception, and Processing (E) - the energy recorded by the sensor has to
be transmitted, often in electronic form, to a receiving and processing station where the data
are processed into an image (hardcopy and/or digital).

6. Interpretation and Analysis (F) - the processed image is interpreted, visually and/or
digitally or electronically, to extract information about the target which was illuminated.

7. Application (G) - the final element of the remote sensing process is achieved when we
apply the information we have been able to extract from the imagery about the target in order
to better understand it, reveal some new information, or assist in solving a particular problem.

Ideal Remote Sensing System
The basic components of an ideal remote sensing system are as follows:

i. A Uniform Energy Source which provides energy over all wavelengths, at a constant,
known, high level of output
ii. A Non-interfering Atmosphere which will not modify either the energy transmitted from

the source or emitted (or reflected) from the object in any manner.



iii. A Series of Unique Energy/Matter Interactions at the Earth's Surface which generate
reflected and/or emitted signals that are selective with respect to wavelength and also unique
to each object or earth surface feature type.

iv. A Super Sensor which is highly sensitive to all wavelengths. A super sensor would be
simple, reliable, accurate, economical, and requires no power or space. This sensor yields
data on the absolute brightness from a scene as a function of wavelength.

v. A Real Time Data Handling System which generates the instance radiance versus
wavelength response and processes into an interpretable format in real time. The data derived
is unique to a particular terrain and hence provide insight into its physical chemical-

biological state.

vi. Multiple Data Users having knowledge in their respective disciplines and also in remote
sensing data acquisition and analysis techniques. The information collected will be available
to them faster and at less expense. This information will aid the users in various decision

making processes and also further in implementing these decisions.

PLATFORMS

Platforms refer to the structures or vehicles on which remote sensing instruments are
mounted. The platform on which a particular sensor is housed determines a number of
attributes, which may dictate the use of particular sensors. These attributes include: distance
the sensor is from the object of interest, periodicity of image acquisition, timing of image
acquisition, and location and extent of coverage. There are three broad categories of remote

sensing platforms: ground based, airborne, and satellite.

GROUND BASED PLATFORMS



A wide variety of ground based platforms are used in remote sensing. Some of the more
common ones are hand held devices, tripods, towers and cranes. Instruments that are ground
based are often used to measure the quantity and quality of light coming from the sun or for
close range characterization of objects. For example, to study properties of a single plant or a

small patch of grass, it would make sense to use a ground based instrument.

Permanent ground platforms are typically used for monitoring atmospheric phenomenon
although they are also used for long term monitoring of terrestrial features. Towers and
cranes are often used to support research projects where a reasonably stable, long-term
platform is necessary. Towers can be built on site and can be tall enough to project through a
forest canopy so that a range of measurements can be taken from the forest floor, through the

canopy and from above the canopy.
AIRBORNE PLATFORMS

Airborne platforms were the sole non ground based platforms for early remote sensing work.
The first aerial images were acquired with a camera carried aloft by a balloon in 1859.
Balloons are rarely used today because they are not very stable and the course of flight is not
always predictable, although small balloons carrying expendable probes are still used for

some meteorological research.

At present, airplanes are the most common airborne platform. Nearly the whole spectrum of
civilian and military aircraft is used for remote sensing applications. When altitude and
stability requirements for a sensor are not too demanding, simple, low cost aircraft can be
used as platforms. However, as requirements for greater instrument stability or higher

altitudes become necessary, more sophisticated aircraft must be used.

Aircraft are divided into three categories (low, mid, and high) based on their altitude
restrictions. In general, the higher an aircraft can fly, the more stable a platform it is, but

correspondingly more costly to operate and maintain.

Low altitude aircraft typically fly below altitudes where supplemental oxygen or
pressurization is needed (12,500 feet above sea level). They are good for acquiring high
spatial resolution data limited to a relatively small area. Included in this class are the common
fixed-wing, propeller driven planes used by private pilots, such as the Cessna 172 or 182, and
Piper Cherokee. This class of aircraft is inexpensive to fly and can be found throughout the

world. Some of these airplanes are specially outfitted for mounting remote sensing



instruments in the underside of the plane; however, many times instruments are simply hung

out the door using simple mounts

Helicopters are usually used for low altitude applications where the ability to hover is
required. Helicopters are quite expensive to operate and they are typically used only when
needed. Ultra light aircraft are a class of aircraft that is gaining popularity. The Federal
Aviation Authority (FAA) defines an ultra light as a single seat powered flying machine that
weighs less than 254 pounds, has a top speed of 55 knots (63 mph), stalls at 24 knots (28
mph) or less and carries no more than 5 gallons of fuel. These small, often portable, aircraft
are inexpensive and are able to take off and land where larger aircraft cannot. They are
limited to flying at lower elevations and at slow speeds. If the demands of the remote sensing
requirement are not too strict, ultra light aircraft may be a reasonable alternative to larger

aircraft.

Mid altitude aircraft have an altitude limit less than 30,000 feet above sea level. This includes
a number of turbo prop aircraft. Often at higher altitudes, there is less turbulence so stability
is better. This class of airplane is used when stability is more important and when it is
necessary or desired to acquire imagery from a greater distance than available from low
altitude aircraft. These aircraft can obtain greater areal coverage more quickly than low

altitude platforms. An example of this class is the C-130 cargo plane and the Cessna C402.

High altitude aircraft can fly at altitudes greater than 30,000 feet above sea level. This class
of airplane is usually powered by jet engines and is used for specialized tasks, such as
atmospheric studies, research to simulate satellite platforms, and other applications where a
high altitude platform is required. High altitude aircraft are good for acquiring large areal

coverage with typically lower spatial resolutions.

Another class of aircraft that has been in use for many years is remote control aircraft, or
drones. Remotely controlled aircraft are often used for conditions when it may be too

hazardous to fly. They have been used extensively by the military.
SPACE BORNE PLATFORMS - SATELLITE

The most stable platform aloft is a satellite, which is space borne. The first remote sensing
satellite was launched in 1960 for meteorology purposes. Now, over a hundred remote

sensing satellites have been launched and more are being launched every year.

The Space Shuttle is a unique spacecraft that functions as a remote sensing satellite and can

be reused for a number of missions.



Satellites can be classified by their orbital geometry and timing. Three orbits commonly used
for remote sensing satellites are geostationary, equatorial and Sun synchronous. A
geostationary satellite has a period of rotation equal to that of Earth (24 hours) so the satellite
always stays over the same location on Earth. Communications and weather satellites often

use geostationary orbits with many of them located over the equator.

In an equatorial orbit, a satellite circles Earth at a low inclination (the angle between the
orbital plane and the equatorial plane). The Space Shuttle uses an equatorial orbit with an

inclination of 57 degrees.

Sun synchronous satellites have orbits with high inclination angles, passing nearly over the
poles. Orbits are timed so that the satellite always passes over the equator at the same local
sun time. In this way the satellites maintain the same relative position with the sun for all of
its orbits. Many remote sensing satellites are Sun synchronous which ensures repeatable sun
illumination conditions during specific seasons. Because a Sun synchronous orbit does not
pass directly over the poles, it is not always possible to acquire data for the extreme Polar

Regions.

The frequency at which a satellite sensor can acquire data of the entire Earth depends on
sensor and orbital characteristics. For most remote sensing satellites the total coverage
frequency ranges from twice a day to once every 16 days.Another orbital characteristic is
altitude. The Space Shuttle has a low orbital altitude of 300 km whereas other common

remote sensing satellites typically maintain higher orbits ranging from 600 to 1000 km.

Most remote sensing satellites have been designed to transmit data to ground receiving
stations located throughout the world. To receive data directly from a satellite, the receiving
station must have a line of sight to the satellite. If there are not sufficient designated receiving
stations around the world, any given satellite may not readily get a direct view to a station,
leading to potential problems of data discontinuity. To work around this problem, data can be
temporarily stored onboard the satellite and then later downloaded upon acquiring contact
with the receiving station. Another alternative is to relay data through TDRSS (Tracking and
Data Relay Satellite System), a network of geosynchronous (geostationary) communications

satellites deployed to relay data from satellites to ground stations.

The payload for remote sensing satellites can include photographic systems, electro-optical
sensors, and microwave or Lidar systems. For applications benefiting from simultaneous

coverage by different sensors, more than one sensing system can be mounted on a single



satellite. In addition to sensor systems, there are often devices for recording, preprocessing

and transmitting the data.
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UNIT V
DISASTER MANAGEMENT (EARTHQUAKE AND FLOOD)

Disaster is an abrupt, adverse or unfortunate extreme event, which causes horrific damage to

human beings, plants and animals.

U Disasters occur unpredictably without discrimination in such an instantaneous

manner.

Q It is difficult to make adjustment and prediction as these events, regardless whether
they are natural or man-induced, always accede the tolerable magnitude or beyond

certain limits.

U As a result, high fatalities, disastrous property losses as well as loss of income are

incurred.

U Natural disasters will occur. It can neither be predicted nor prevented. The problem

before us is how to cope with them, minimizing their impact.



Earthquake is one of the most devastating natural disasters on earth. Earthquake effects can
cover hundreds of thousands of square kilometers; cause damage to structures or
infrastructures facilities, result in loss of life and injury to hundreds of thousands of people,
and disrupt the social and economic functioning of the affected area. Usually the effects will
rise significantly as results of increasing in population and structures or infrastructure
facilities. It is impossible to prevent earthquake from occurring, it is possible to mitigate the

effects and to reduce loss of life, injuries and damage.

Disaster management is a mammoth task, which not confined to any specific location;
neither do they disappear as quickly as they appear. As such, proper management is important
to optimize efficiency of planning and response. Collaborative efforts at the governmental,
private and community levels are required, due to limited resources. This level of
collaboration requires a coordinated and organized effort to be mitigated against, prepared
for, responded to, and recovered from emergencies and their effects in the shortest possible
time. On the other hand, disaster mitigation is for reducing or minimizing an impact of a

hazard or disaster.

Resultant additional natural calamities —
O Rise in sea level ,

Tsunami waves in sea & coastal areas,

Land and mud slides,

Soil liquefaction ,

Ground lurching,

Avalanches ,

o 0O 0 0O 0 O

Fires etc.



DISASTER MANAGEMENT

1. Mitigation: Measures put in place to minimize the results from a disaster. Examples:

building codes and zoning; vulnerability analyses; public education.

2. Preparedness: Planning how to respond. Examples: preparedness plans; emergency

exercises/training; warning systems.

3. Response: Initial actions taken as the event takes place. It involves efforts to
minimize the hazards created by a disaster. Examples: evacuation; search and rescue;

emergency relief.

4. Recovery: Returning the community to normal. Ideally, the affected area should be
put in a condition equal to or better than it was before the disaster took place.

Examples: temporary housing; grants; medical care.

A comprehensive, institutionalized and coordinated mechanism is required for effective

disaster management at the national, state, and district levels, which should include;

Analyzing the risk

Carrying out the vulnerability mapping of earthquake-prone areas and creating inventory
of resources for effective response;

An identification of the critical areas which require special attention;

Analyzing & documenting the lessons learnt from previous earthquakes , and working
over future strategy in coping similar emergencies in future ;

Strengthening of emergency response capability in earthquake prone areas;

Estimating the extent of damage to life and property in the event of an earthquake,so that

suitable disaster management strategies can be evolved

Predicting the risk

Predicting the Earthquakes

The short or midterm prediction of earthquakes is difficult; but use of animal behavior in

predicting earthquakes can offer some help.



I11. Preventive measures

1. The pre disaster preparedness based on scientific and technical principles, with
special focus on building techniques. This forms an important cornerstone of earthquake

disaster mitigation efforts:

= Seismic safety of manmade structures such that it ensures the structures do not collapse;

= Revision of town planning bye laws and adoption of model bye laws;

= Assessing the seismic vulnerability of the existing buildings by carrying out structural
safety audits;

= Developing seismic strengthening & setting up standards and guidelines for existing
upcoming critical lifeline structures & also of buildings of national importance;

= Undertaking mandatory technical audits of structural designs of major projects like dams,
bridges etc.

* Incorporation of earthquake resistant design features in the new buildings.

= Ensuring the compliance of earthquake resistant building codes, town planning laws and

other safety regulations.

N

. Educating masses & the role of community participation



Introducing earthquake safety education in schools, colleges and universities;

Conducting mock drills for greater public awareness;

Participation of the community at the local level in the planning, implementation and
monitoring processes;

Launching public awareness campaigns on seismic safety and risk reduction;

Technical education following comprehensive curriculum related to earthquake

management.
Medical emergency & preparedness

The emergency medical plan to be immediately put to work on receiving information
from the earthquake affected areas;

Prompt and efficient emergency medical response with effective reach to affected masses;
Resuscitation, triage and medical evacuation of victims who require hospitalization,
Appropriate counseling will be provided to the victims suffering from pshyco-social

trauma.

4. Setting up “Disaster Response Force” battalions in high seismic risk zones, training

and equipping them.

5. A brief review of the status of earthquake management efforts periodically.

IV. Response/ Emergency measures

Emergency relief measures
Planning and setting up emergency shelters, relief camps for people affected;
Distributing relief among the affected people,
Identifying missing people and launching search & rescue operations for them,
Addressing the needs like- health care, water supply and sanitation, food etc.,
Deployment of armed forces for post-earthquake response work,
Establishing systems for proper identification of the deceased, recording the details of

victims, and their DNA fingerprinting.

V. Rehabilitation & Recovery

e Steps to be taken to ensure adequate nutrition, medical services , water & sanitation
facilities,
e Providing psychological care and social support,

e Re-housing of those rendered shelter-less after-quake,



e Rechabilitate amputees and other disabled,

e Providing them with opportunities for earning living & settlement.

Thus we see that the Earthquakes pose unique challenges during each phase of the disaster
management cycle, i.e., during preparedness, prevention, mitigation, response, rehabilitation
and recovery. International experience has shown that the maximum gains from earthquake
management efforts are secured by strengthening the pre-earthquake preparedness and

mitigation efforts.

Emergency management in India is being handled by the National Disaster Management
Authority of India, part of the Ministry of Home Affairs. The Indian Army also plays an

important role in the rescue/recovery operations after a disaster.
Challenges ahead
More R&D is needed on “How to improve seismic safety?”

Inadequate numbers of trained and qualified civil engineers, structural engineers, architects

and masons proficient in earthquake-resistant design and construction of structures.

Revising the curriculum in professional courses, incorporating disaster management in

them.

Need of generating public awareness on seismic risk reduction features in non-engineered

construction in earthquake-prone areas.

An increasing need is being felt for systematic, holistic and integrated effort to address the
critical areas of concern responsible for the weak seismic safety measures ; & formulating an
“Earthquake Management Plan” covering all aspects like earthquake preparedness,

mitigation, public awareness, capacity building, training, education, Research and



Development (R&D), documentation, earthquake response, rehabilitation and recovery with a

minimal loss of lives and damage to property, assets and infrastructure.

Role of Remote sensing
Remote sensing data is useful for
U Post earthquake damage assessment in improved spatial and temporal resolution.

U High temporal resolution is important for getting information in the time of

emergency,
U Higher spatial resolution can provide damage information at building level.

Remote sensing can assist in damage assessment and after monitoring, providing a
quantitative base for relief operations. In the disaster rehabilitation phase GIS is used to
organize the damage information and the post disaster census information, and in the

evaluation of sites for reconstruction.

Remote sensing represents a suite of technologies that can play a significant role in
documenting the effects of earthquakes and lead to important developments in our

understanding of earthquakes.

The current situation in earthquake space research indicates a few phenomena related with
earthquakes: Earth’s deformation, surface temperature growth, and gas and aerosol

exhalation, electromagnetic disturbances in the ionosphere.

Both horizontal and vertical deformations scaled about tens centimeters and meters were
measured after the earthquake events. Radar satellites using In SAR technique record such
deformations with confidence. Pre-earthquake deformations are rather small centimeters. A
few cases of deformation mapping before and after the earthquake using satellite data are

known at present time.

Numerous observations have indicated an increase in surface and near-surface temperature of
the order of 3-5 °C prior to earthquakes. Modern IR satellite sensors simply record such

thermal anomalies.

A few cases of gas and aerosol content change before the earthquake are also known. Remote
sensing technologies allow us to retrieve the concentrations of gases in the atmosphere: O3,

CH,4, CO,, CO, H,S, SO,, HCI and aerosol. However the spatial resolution and sensitivity of



modern sensors are still low. First promising results were obtained only for ozone, aerosol

and humidity.

Electromagnetic researches of ionosphere in relation with earthquakes are widely spread now.
Stable statistical estimations of ionosphere - lithosphere relation were obtained, and a few

new ionospheric satellites were launched recently.
DISASTER MANAGEMENT - FLOOD

Introduction: Floods are among the most common and destructive natural hazards causing
extensive damage to infrastructure, public and private services, the environment, the
economy and devastation to human settlements. Recurring flood losses have handicapped the
economic development of both developed and developing countries. India is a developing
country and prone to a number of natural hazards. Among all the natural disasters that

country faces, river floods are the most frequent and often devastating.

Though floods are disruptive events and the occurrences of floods cannot be prevented they
are actually natural features of a river system and their role in replenishing, the floodplain
cannot be ignored. In recent times, the sole focus has been on how floods can be checked, not
how societies can live with floods. The negative consequences can be lessened by an
integrated approach to disaster management. Disaster management includes 4 elements such

as: mitigation, preparedness, response and recovery.

Factors contributing to the increase in Floods

Natural Causes

Climate Change: According to the International Panel for Climate Change, the rainfall
intensity, duration and frequency are going to increase in the future. Also, incidence of
cyclonic circulations and cloud bursts that cause flash floods are increasing due to Climate

change.

Skewed Rainfall Pattern: 80% of the precipitation takes place in the monsoon months
from June to September. During this time, the rivers bring heavy sediment load from the
catchments. These, coupled with inadequate carrying capacity of the rivers and drainage

congestion and erosion of river banks are responsible for causing floods.

Trans National Rivers: The fact that some of the rivers (like Brahmaputra, many

tributaries of Ganga) causing damage in India originate in neighboring countries, adds



another complex dimension to the problem. Also, sudden change in topography from high

mountains to plain areas is also a reason for floods in northern India.

Earthquakes: An Earthquake Disaster Risk Index (EDRI), prepared by the National
Disaster Management Authority (NDMA), showed that about 56% area of India is
vulnerable to moderate to major earthquakes. As many of the river basins in India lie in

earthquake prone areas, the course of the river is not stable and amounts to flooding.

Human Causes

Unplanned Development: Unplanned development, encroachments in riparian zones,
failure of flood control structures, unplanned reservoir operations, poor drainage
infrastructure, deforestation, land use change and sedimentation in river beds are
exacerbating floods. When rainfall is heavy, the river breaches the embankments and

destroys habitations along the banks and on the sandbars.

Urban Flooding: Flooding in the cities and the towns is a recent phenomenon caused by
increasing incidence of heavy rainfall in a short period of time. The reason for this is
indiscriminate encroachment of waterways and wetlands, inadequate capacity of drains and
lack of maintenance of the drainage infrastructure. Apart from it, poor waste management is
exacerbating the problem by blocking drains, canals and lakes, while ill planned road

projects are cutting off flood flows

Neglect of Pre Disaster Planning: History of flood management shows that focus of
disaster management has largely been on post flood recovery and relief. Many reservoirs
and Hydro-electric plants do not have enough gauging stations for measurement of flood

level, which is the principal component for flood prediction and forecast.
Flood disaster management

The main thrust of managing floods in different river basins is to modify the floods through
specific structural measures such as reservoirs, embankments, channel improvement, town

protection and river training works.
Some of the major steps of flood disaster management are:
1. Flood Forecasting

2. Reduction of Runoff



3. Reducing Flood Peaks by Volume Reduction (Constructing Dams and Detention Basins)
4. Reducing Flood Levels

5. Protection against Inundation (Construction of Embankments)
6. Flood Plain Zoning (FPZ)

(1) Flood Forecasting:
Flood forecasting involves giving prior information regarding the occurrence of floods. This
is essential and is extremely useful for taking timely action to prevent loss of human lives,

livestock and movable property.

Forecast Dissemination:

The utility of flood forecasts is dependent on both accuracy and timeliness. The organizations
responsible for flood protection, warning and flood fighting works should be informed about
the incoming flood as early as possible so that the required action is planned and activities set

into operation with least possible time delay.

2. Reduction of Runoff:

Reduction of runoff is one of the very effective methods of flood disaster management.
Runoff can be reduced by inducing and increasing infiltration of the surface water into the
ground in the catchment area. This can be done by large scale afforestation particularly in the

catchment area.

3. Reducing Flood Peaks by Volume Reduction (Constructing Dams and Detention
Basins):

The flood peaks can be reduced by construction of dams and detention basins. Dams have the
capacity of holding huge quantity of water during the flood period and help in reducing flood
peak volume of water. Water stored in reservoirs created by constructing dams can be
allowed to flow down the stream under controlled conditions depending upon the

accommodating capacity of the river downstream the dam.

4. Reducing Flood Levels:

Flood levels can be reducing in the following ways.

(i) Stream Channelization:

A close network of canals reduces flood hazard to a great extent because flood water flowing

in the river can be diverted to canals.



(if) Channel Improvement:
Channel improvement is done by deepening, widening, straightening, lining and cleaning out

of vegetation and debris from the river channel.

(iii) Flood Diversion:
Flood diversion is the process of diverting the flood water in marshes, lakes, the depressions

and spreading it thinly over paddy fields and desert dry lands.

5. Protection against Inundation (Construction of Embankments):
Building of embankments is considered to be one of the very effective devices against
inundation of the inhabited areas and agricultural land. Construction of embankments has

been taken up at a large scale in India.

6. Flood Plain Zoning (FPZ):
Flood plain zoning is another very effective method of flood management. It is based on
information regarding flood plains, particularly the identification of floodways in relation to

land use.

Role of Remote sensing in Flood Disaster management

» Remote sensing systems on satellites and aircraft can provide much of the required
information for delineating the flood affected areas, assessing the damage, and
feeding models that can predict the vulnerability to flooding of inland and coastal

arcas.

» Remote Sensing has made substantial contribution in flood monitoring and damage
assessment that leads the disaster management authorities to contribute significantly.
High temporal resolution played a major role in Remote Sensing data for flood
monitoring to encounter the cloud cover. Remote sensing technology along with
geographic information system (GIS) has become the key tool for flood monitoring in
recent years.

» Development in this field has evolved from optical to radar remote sensing, which has
provided all weather capability compared to the optical sensors for the purpose of
flood mapping. The central focus in this field revolves around delineation of flood

zones and preparation of flood hazard maps for the vulnerable areas.



» Integrated hydrologic-hydraulic modeling can be used for making the flood risk maps,
flood forecasting as well as flood evacuation routes identification.

» Remote sensing technologies are excellent tools in the mapping of the spatial
distribution of disaster related data within a relatively short period of time.

» Applications of using data from satellites to predict weather related disastrous
phenomena, such as extreme rainfall is widely known and frequently utilized.

» Satellite data can be used before, during and after a disaster, for prevention,
monitoring, mitigation and relief operations, respectively.

» Areas affected by flooding are typically large in size. It has been demonstrated that

using satellite data for flood mapping becomes economically advantageous with respect

to ground survey for a large area.
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@nsuwreiley e BIHL URMEBHET LSDU LTSS 666t
LGS &HeaNed QBLLSTEL, Qummler LMeng HemeolImesd Sievev. @) &
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Gumurliy Hiflesr ea B (heuemevd Seuo(heUGH6 CLHEV(LPLD HHSHILILIG 60
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PRINCIPLES OF REMOTE SENSING

Unit: 111 Code: 18K5G08

auTaiiOeuel OHTEMEL 2 _6WITHED
Aerial Remote Sensing

LadlliuL eledlevid, Sfeeneuuiiuiedsid beveor QHmiHleL HIL L
peTGeuBmIoTdS  STewilILUBID  GgHTemeoujsmialsyd  auTebeuad  DiemauTUie]D
RBTSHLD.  euTaneuel  SeeuTuleyd, elleuFemi(pld  @eICeuT®  Hlenmullsvild
gBULL  (eiCeIBMIOTS  [BID  H(HGH6VTD, LONGHITe0  6leMHle0  OlFeimenL
WWnEH  UGHdemen  eleflgled UelluLIoTe  TBRIISBE&HD, UL Hnd
beilG OHfbaH CETeToUSBGHD GDPeHB  HeIE UWSTLUGSBSH.  6160160MLD
wpeiBerimy  Hlev  SeNeUTUINGBE H  FBbHH  WWHY  uTUIHSH  PUINTHS
BHSLILGSBSI.
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SIS HmwPH UalULIOTE  euenJUl 2 _HSHBSH.  (PHT  (PFH6eVled  184041D
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STTEOIWLTEGLD.  (PSHBHWIDTS  HIomer  Gosiuend LFuul L  BeBuLsd 556
Couewr(plo.  GoBsmpSll  QuIBeNS  LOBWID  QuIbSHITH  HTJeRlHeT  FpLmet
HIOBULBIS6T 6IGLUSBE (LPHEBUW DeDOLLSHETTGLD.

IBHGLD (B
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OF6LEVID LITENG QUEHETAITEN Dis06VGE! LITIDL T3 SiemioliL] S@LD.
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aurerGeuel LemasliLLd smelsefen auenamsmst( Types of Aerial Cameras)

erol_fll1 GasLogm:
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LweLGEBH. RH uHTw alliomend ellewrbeuell CosnLwited GFwsLLIBGSBSI.
afore  bBHeNT  HewisTewlly] SHmNWTE  OBBHEhFTens0  Juledumend LI
SUISBET  GOTUIS6T  oBmId el HDLIS6T — SiewlILHBETen  Fifluime
alflenuld  CHTHOHBHHD  IabIG6Ted 2 6Tl OJRIGETET  6M6NHIHEMET
SMLPHO YHwaBBsldd Qemer  LWSTLGHBH.RECHW0FTRI0 2 siTen
GHMBEHET  6TaTaGaIeN60  LILMIG6T60 LI enL &6l allpdHed  &HIBd  (pemmuisd
uL&smeT  GeueliiuGsmeorsd  Hmiiy  (Slit) HApp6s @miuHTed  eliorenshden
HenFCaUSID  OTBIHEVML QUBHTEL LOBMILD  SNOTETHHO  DHTOYHETTEL LI MISH6IT

HLVRIBEVTHS OFHeNalserns Sieniowl euTUILILTES MBI

une&Crmopds GsLogm

CFWBmNBHCHMET  LILMIB6T 6ihdHd 1S DFHHenaled LweLB Gsiogm
QaUTGID @BenB  Glevsilery GHIOIT  6T6MOID  FnMIAIT.  6YLPHEBHIOTET  (LPeHMBUIED
am CCD aflngwenioriisr Gosd @dlsvieiien Geveiierd g@erflenuids @&ellbHBal.
CCD auflens ouGeuteilenws oifHs  @eflwns  wIBBIEBH.  LIBg BbH
Courel GLgy omHIT  IBHBUILLB DiemelBdhsd CFuwwiul G svuert Gl Lm
Qupriu’ @ Weiieniem algaled  LLID SHlenLSHBEH. DHIOYD HHTUI QILDT6EID
aleniGeuell  GenLwites GFweoLGABH. Seueutm LwWeLGSHID Gurg  ccd
QUMFHG LIHOTH LMBLILILEF SHeT UWeTLUBSHSILGHBHI. RHCHIopT  Lsvedrns)

&) T BT &SLbH IABFFQUI] HHTHMENT 2 _6WIJHInlgUISHTH  SHUILISHTED



@Qemd  umeisGymogds  BHWIT 6Tl DIMIPGHBLILBHBEH.ON6VHED  GHHMEUTH
Qeveiterd LI F&H@melledt  QEUILSEG Flwms  HenevbBISSILGHEBE  Csiogm
gl LT  geuleumm (wewm FHpEGweurs om yh CUCrd  QupliuGaEpgl.
Gevstteriesr @allWGITIID Fov QFUN (Hev 115 euewy @mBGW 150mm ,300mm
wppio  450mm  @elwg iy GaTewiL O6v6tTEr0H 61T QuUTHIUTH
LWeTUBRSHSLILBSBBS. UrestdGymioig b CamLoym OHTem6V o 6HoriT
CFwmmassHBamemelled  10ed  SHSOTE  UWELUGSBH.  Ureudl  mHlev
SleNi(BHHeT HTHH6IT BEBID Blev UIe] LeTell aleugmidel GCuUBIeNSH OBBID
&M & HIeysel GUBIHD ABWaBBHEG LWTLIGSBSHI.

UGemyid GsLoFT

SIFHB®  ugliemeney  LIL QoBUUSBETN AHB  STLFULID 2 6D UIHTH
aIaIemIDGBLILIL L Goopm @&l 40 (pHev 50 KM 56 Sibevmibell o _enL Wl
UFLILeTe|&H6enen @Heil (Lp6evld LI Oo(hdhe  (LpIQULD.
@&CsLyTelleN EUMEBH6IT

SIE6Mm Bxmemr Geveirery GsLOFT:

gngryent  Bsogmdhame  BUTedsL60TIDEd BB  UPLILHmeN UL GIbBHD

alend  OFWIWILILL BeiTend. RHev BB CaHmemi(psnl_wl Glevsiieny 2 6iTeImgHT60
RBBG @bLHU LW
GIPQID Gleveiterd GasLofT:

@60 SimIaIL L SIEMLOLIL | 9 (HOUTSHSBLUILIL (H DIFH6L LIL_L1& (61T
meuSBLILBGBEBSHI.Covaiiard  @m  allsd  algellsd  HPOHMH.  DBHAT6L  UF
alCurgId ULFHMmaNIBHEH @O Siemey OHTensvalsd SMBUILISTEL  Galwlld
gflwre o eitend sipeid Burgkl Oevererierr auPlGul e1HOFTeMebalLl L g6
BoWHH @@ FBw Hpidsr auplCw uLFsmeien WH GalssUILGS MBS
@Hemev Gamiogm 180 ufled LILQoBHHS RUIISB MBS
SIPVID (UL &S GsLopm

gpsulld  OQevettery  Gsmiogm  GuTeIB@H @FHIOD  uevITeL  @FHle0  Glevedterd
Bemeowitd  USSUILLB @@  &FPVID  (WUULLSSHH  (1peold  gelfl
GaldaslIUGHBEH.  UCamyld Gsmogr  OQuflw  ugliuenenen @@ UL LTSS
Opeflaurs 6hdsd 2 HaHBH. SHULTMID HT6OHN60 OTBIHEVBHETTED LIl & 60r
OeueiBaum LGHBeMeL  OeuciBouml  aiHmen  alleude0dHelT  GIMLIHIIOT360



Caiopmailed  SMIgAIMIDLIL]  HIFENIOTS  6Mgaluisd  el60HEVHEHID  6JMLIH B GTMB6M.

aTeiCeu @HCHIOIT HYTILBeNe0 PUleHE LWTLUBGSHH HHBHHEV6V.

uev Gevsiterd GssLogm

QA&CxhITTaI60  BTETE — OCleVaTeNNEHET  HeibHTEN  HeMULLL LI FSi(H660
elemwd  Galsdlamear.QauBnlen  sLBmHaurdsd @6y wrgsfl  REUTeIbD
Qemer  GeusiBaum  LflelleneLimeiisenen GaTemiLsned. @ Olsveiierd  FleullL
ppuldfiiurenerud.  wWPBOBTem uFms  BpUlfiurenerub. QeT6ermerms 560
B LA ILTemeoTuLD. LoBBIGILDT T3 DBF Fleuliy LfCILTemeoTULD.
CaTenihgl.c160Cou  BT6iIGEH e DMVLILIL ML H6MM60 GF LTl  LIL MIG6iT
dBHH Sued. BbH ULBIGSmeT  QRHmEHTen  Fpliy  CrTHESHeT  (psvld
Quisoumen  HIBLD  DIVNISH LMLl BIBmIGeTled  HTemIeumd. DS  GMILLI L
@I Semwoleml  CubuBssiul L Cxeley e smewr  fluTeTdemen  CFTHg
6T (B & &HEVMLD.
QAuGUTIpEI @6iendd BsioyThamerile LWTLITH iHHh el HOULILGIZS60m6V
gOeuelled @@y elgomen BTG CHOTTHBMEN  QEMEILILISHEN  (LP6VD S G
Gumeiryl LIL Qo(hddevmid BMID GbLUBGHSILLL  Lev HBBLoTened  6r0BH6ITH6IT

@b LIevGevsiTery BaHLOITHSHEHHE LIgeoTs el HLOLILILIHE6TN360T.

aITeiiQeuel BipoBLLmisefer euenaamsit (Types of Aerial Photographs)

BIOBULS  HHIB6T  DNDGHBLILL (BTN  DIFHbHH6M6N  CaumILm_enl_db

CsTeni(h HIPMULMIG6T 6 euenBHeNTHL LTl (HeiTerme.
QFmGshas BosuLniset (Vertical Air Photo)

alloTendhdHle0  QUTHSHLILL BelTem  BIoBUL S  SHHalseT  LUelluFiiBg,
CFmIGHHHTN AFFL QHBGWLTB  OUTHSBUILL QHEGD. LIOuiing G
CFmiGsmamdhdHer MmN — QUIMHSHSLILLIQHEBESGLD.  Qeueumm  61(HSHHLILGBLD
BIOBLULBIG6T GUTHL Berilell 2 FFg CoHmmmsHdlenend 6CaTHHELD.



gruieumenr MpmuLmiseT(Oblique)

BpBLUL S  smalsel QFmiGHsTa  @sveorosd  30°  wpHed 60  eueny
gmilieuren GCasmemdhdHled QmB@Tm  QUTHGH  THHBLILIGH 6.  E6UaITH
dBSBULUGBL  BIBUL ST OCHTHaITaSHSHemends ST (BT  RmUlsr  Sg
DPBF  FTUTOOHOBID  OHTHATIHH NS — HTLLTHUTH — S(HHBHT60
GOBHS  FTUISOHTERIL OHTBID  FwBevTDd. RHHG HIOBLLMIS6T  LIBen6
6T GeuonTL_ L @Cpra 60 QUIT[HL_BHem6TTéD ST (H 6o 6ot 6T6UI6VILD.

el HCHTBMHIH 6N FTUIoUTe DIeLOLILTIEN6T Sen6eudb6iT ST (hdl6m6.

Low Oblique High Oblique



H6V Sleveogl BemL [BlpmuLmiser (Horizontal )

RHHG HIOBLLMIS6T  6IGLUUSBE HIOBULES  SHHISH6T — SHlenL Tl
QUTRSSILLBeTenen.  QuUTGHIeuTd  Guilw  SjeTeney  UalluLmissT  6IGULSBEG
@emey  LweLBGEeIBer.  LUalHCHTBmRIGeTET  (peilSBH  CHTBBS S ement

QAemaUB6IT BT (Hd | 6iIMm6oT.

gl B mipsuLnisest (Composite)

RHHMBW  HIOBLL MISH6T LD DlodHell GaTeniL By smellullemsd @y
CBrHaL 6IHGHHLILLL  Liev oBBlenevHHHBH malbHH 61(HHBLILL LM P ELD.
ssmalulsd m Hawienimy  6llebeney  OCFRIGHHTEHD LOBB  AN60N6VH6IT
MUl NeLEMEVEHE  6IHTTH  HBEGHOTMI OB DIMIDSHSHID  SHTEnTLILIGSH MBI
Npgdleel  ahsGWEUTEkI  1omBpsl SIS SLILL(HeiTen  HenrenimgelleLen60aH6IT
mLWHHBG  Houuiul G @Cr  wrHfl  HBULRIGMmeTSH  H[HBETN6.
RHHMBUW  BHIOBLLBIG6T  UJHs  Lalluglnlenerd Hmb. HBOUTH  Lev
HeWIENIMY  l60EMEVHE6IT  OBTEWIL.  HH LWTLBHHINSHBEGL LUFH6eoTd  LTHdH

CamemdHH60 HIOBLIL MIHM6NT 6I(BEHGID HHONH6T LILITLIHH S ILI[HES 6Tm60T.
enLLDL_Jregedt mlpmuL_missit (Timetrogen)

@bBieBULmISeT @8y elrarddlen 3 OeusiGaml &enTenITale0mevEH6i
O®meni  HmHalldariemed @O ChrHFHled 6IHHHILLL  BHMeVH HBHHH6I
maubH  GUBLILLL HTGLD. @FHev  emwHHeL  @HUUFH  OFRIGHS
BIPOMBLIL MIGHeNeTUD 1B SJewiBID aNTerD GFeLevD HemFhHE olevdHl. S &l



LMBILOMBLIL_BIGb6N6TTdH OBTHHELD. DIV CBHTHEUTEH 60 (HHSHI QAL G
CHTHUTEID 6ueny LFHSUTUDL EBBHIOBLL MIG6IT  H(THB 6360

J !
K, CAMERA| "
K | Axs A

. OVERLAP | OVERLAP \ %
B SN JV WSS ¥ A
£ 3 o ~ » -
— OBUOUE COVERAGE ——\

/
—— VERTICAL — OBLIGUE COVERAGE
COVERAGE

Gameiterd MpMUL MiskeiT (SONNES)

QBHIPBLLBIEH6T  OHTLTFHWTe  eIhdbsUUBD  BpBULs  ChT@glullen
UGHOWTwITGWD. BHeweowimenr DFFe0  PIHleneVSH HBHBHMeT OHTLTFF WS
BBJ  mIlUFHer  cpsold  OUBLUBGHGIBH. @Hev  ellomend  GFeLEVID
CoaussaB@w, 2 wWrbHBGOLBL WwPBmevd HHBH HEHTH B

SBOUTHI  LevauemBLILLL  QHTPOBHI L SIQLILIENLUTED  HIPBLIL MHIG6N
SWUTNHSUILGH OB,  DMHH HBhSmenTuDd @B Foprad  HTeISH6ND
&ML  Gedsitemen  BIOBULLD  Haly, 2 _elenoBIBID, IBFFeIl]  SHLIL
GleuesiTeme, IBFF B i3S BILOMBLIL MBIG6NT Guimeirmeneu LD

LIWLISSTUH SHSLILIH 5603601
S WBEd Oeusitenem WBlipmuLkisst (Black and White photo)

RQemel  (PHEHUIDTET  CLITHINTHLII  LIUIe60 2 _6iTeNenel. SH60 DeNeHS
HBRIGmTUID 6T Fmre 2 ewimdHas almsullsd SuiBenswiter GHTBBEHFH60
Coumpu L. gFmbusd  HiBEIEeTsd  CHTBWD  DMWHSHHBGWD,  eleuFemid
CeunsBd OurseuTed emeuBul  LWETLGSHOIMBeT.  UHTUI  LDHIGHEDVS

SHMTULSHBHTH  1DEHF6T QllgdHL 19 LWLTLIHSHSHUILIBHB BTSHI.



o auiewlo BB BlBuLmissit (True Colour)

QbHILOBLIL MHIG6NT QumpL_serfledr © _ GOoTEmLOUIT 60T BIM&H 60
CeueMiLBSHSHILGHIBeT. DHHE HIPMLLBIG6T 1:25000 616013 Si6TenaldbE
Quiismes @minier GO OFHefeurer BB CoumILITL ML HSHT(PIQUILD.  SHLIL
Oeusitemenr  BIOBLL MIGemeNIL  eleugeniio  QFUleuHBEH  Rewed  HIS
LIWLITLI(H&I6OIMBenT.  LowTeuonuled  Di6L6vdI  Lallwenoliiluled Lol MisbehobE)
@Qemel  LILIGGITONSHTEH 2 _6IT6N6d. Ue0T60 RNHHE HIOBLIL BIHET  61(BLILIGHBEHT 60N
CFevad oIFHsD. FHalF SeuBenmsd SWTALLUSBEG FBLLS HeUT(LPLD, [HENIL

BT &HEHD GHemeulII(BLD.
saFHaliy BesuLmsst (Infra Red Photo)

@b  BIEOBULMBIGT IGLUUSBGL  LWLTLURSHSUILUGID GO  LFLILL L
BLOBLUL HHBH BelG FHFH aTUbHHTE QHBGLD. LOSULTTMISEG HUIeoTH
SBFFABL] HHTHNMT60 GUBLILGLD CHmBmEHHemen @RH60  LILITLIHSHSLILGBLD.
Qsiiumssh $HBBH UL LNIgHGD Heiend OaTenilgl. SbBILMLUL MIS6T SHHLIL
OeusliemenuITEOD  SHBGLD. UWSTLUGSHSILUBLD — OsiLenFdH — HHL 19BEHMBL

Couml mimmiseilend EHHBE L.

SiBFFall SmUY OeusiTene HIOBLIL MIG6IT
(Infra Red Black and White Photo)

@bBHIEBULLD  &HULY  OelsTenemuITdd  STeIUBD.  SHHTUI  LDBIGENEVS
SMTILSBHTH DEhF6T BB algdHL 19 LWSILGHSILUBHBSH. FTHTT6R  HHLIL
OeueTeme  MHIPBLIL HH60 DILiTHSH elewienl BUldhHev CHfuD, HTeUTBIGH6IT
@QFe0 @QCevaTd OHMAUD. DBFHUINS SHTHMET HTOUTBIGET HHHIOTHLI
LrHLUedS@GD.  Ueome0  BITUUTIL  DIHWeT 2 I HlThHl  OBmeimend.  ENgHed
SMT6IONS  BIUUFLLS6T — SBHIOBLL BIHeMN60  DILTHH  eUewrenl  [HUldhIe0

STeourLILI(BLD.
ssFdaliy Bp BpsuLmser(Infra Red Colour photo)

@b pBuLmseisd HTeugmissT  Caumpin L Feiy  HiBhisesy
&ML LBESBSHI. G QUSTTFFUIDL_[HS SI6L6VF)| QUSTTTFFIUIGHL_UITS

SHTUTHIGHM6T Floull| Himmiseler Coumm enL sHeuHdH H6ewI_pslul  (LpIQULD.

10



ueoLLenL. BipmuLmisst (Multiband Photo )

@bBHIEBULLD  eIBLUSBE 12 616iB alemd  HIPBLLS  HHe
LWSTUGSSILGHBEH. @ FHT Sewwllsd Brerg 70 WO UL SHFHenend
OBThHGID HTWID OCBTEWIL . @60 [Hevld, LUFemF, Falll], sFleli]
QB 19H6IT  LWTLBGSHSULBGUSHTEL  Bleolilugliiled e1(hoHSILGBID UGHHeT 4
&ML GeleTener 61T LigaumisenTsGal  STemiliLBLD. @&led LweUBSHSLILBLID
Csiiss®h BFHaly H®UIY  Oeusiienen  GO6IIHHH  PGWD. 4 61T
Lgeumiseilellmbadl  GUBLUUBLD  GBTUgeIRmISST  IBTE  Senenidslul (b
HIBRIGM6ENT QMBTHBI LUTTHGHWD SMHAT (Pe0D ReuBsled 2 6mTenLOWITe  [HIBLD
R@m FHoguled alpFQFUIWILILGHBE. eueuTml  ellpli’ L ibubd  LNedreort
BILOBLIL LOTSHSLILIGS MBS

yelluL miseir Gumev@eu  suTaiiOeual BIoBUL MIS6T ¢ &Fov GMILILSHem6N
6TELEMEVLILIBE  QFUIFH BT  DleveVFHI  LieiTerl  eleugmidbell 6l Sjemiolilled &L
SHHBlmen.  BEoBULLD  eihdBSUULL GBI, 6GHg, 2w, DiMaIHHIH
GBILLGEHmETUD OBTeRIQHBGD 616011l FnM  (PIQUITSHI. eIGeUTTH HIMLIL (LPLD
GBUI (B  eTewienenics  OBTemTMHBGHD.  Dglienl LI LUl SHendh  neuHHI
GBUIL (B eleidel auflengd SFOOTHS  GHBIGSULL (HelTener. SHellJ  eelbaIm

BLOBSLL mIG6MeNd  LTervd  elewsl, OFHTLT  etewr  GUTelIB  6T6MISHEHLD

Q&BTHEHBLILILIQHBGLD.

&0 IBIOBLIL MHIg6TT 60 o FHHBHMH gfluwimeor (Ppemmuiled
&I BLUBSHSHILL B, SHHHSHWeDSHBLILIL (B SWmfdslILGSBSI. Qeme
&L BULBHSIL L @ ememr HBHTBMLD 6T MBEMLE L ILI(H 356013601

S GUUGSHHILLL GSBSSUUL L  RewebHCHTBMID  YellliuL mibeT  GuTey)

LIWLISSTUH SH S ILIH 56013601
auTeiQeue BloBLL ampisen: Elements of Aerial Photographs

BIOBUL MIG6eT  6IICUTHID ep yellu b Gumeim gflwmesr  (pemmuiled
AmbEs CouswtHOeTmBTeL 1. BIPMULID 6IGHHGHWD UFLIL FIOWIDTIHTE  S([Hbb
Gousmir(pid. 2. eMiomeniddHledt @GaMlILFLiL] BleoluFliBE SenemiumTeiHTsd SHdbw

Couemi(hid. 3. LWITUBRSHSID HIOBLL &S HmHell Fhuimen Heulenimy  6MeLeN6VHEIT
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OBTemNMHbHTE0 HTT LSHUTL(H levdslem Smbs (PIQUD. RSHHmSU
G LoHlemevdHeT QU6 6IBHSUILGL BoBuL b Fhwmer CHTBBHIHmendH HI
(WPRUD. QUTHINTS, RHHMBU FlDHeN6VH6T Sevaucord BuUTH  ewLowIlILsiTer
sl I3  ueHHeied  alevbshHemen  HONTHH0  GUIOTH  616IT60VMLD.
EMLDWILIL|6TTON  6T60TLIGHI  6MILDT 60T 55 63 Qeieng LFlulL  BHBULS HBbH
mwwHSHer eufwres ol UGB HTEGS G HevhsHlemend 1B G 6o
AGLD. QHemoWT g STeILILBL  CHTBMMIGET DMISHHID  (PAQLILITLILLD
gflwmesr oiememeud@ omBmid  Curgdl Fflwns  wIBBLUUGS BT, OIS
pBUL  $BB  LWSHHBGSD,  DiGHeeTen  Lsilefld@d  @enL ulssiten
SNIUPD,  ewWWILILeTalSE@GID, AHBBHHBE6TEN  LieiTaMbGHD  SenL_ulelsiern
Syplo, Fflwmer  (pedmulled HTeRILLGSBSH.  UTE0  HlEVLILUFLIL]  6ThIGLD
gowrd QoLugk oifesTenswimed Fhlwrer (penpullsd HIOBLIL HIGH6T DIeNLOSHEID
SifiaTE. HevhHCHTBM  WrmILIT 19BCHML  HTIILGID l60HHID &N LILIT6Is0

Al6VBHID DI6VEVFHI 6T6MBHTer aMleudhaHID 6T ILIBLD.
eutaiiQeuell BIOBUL dmpIBEHD aleugemid GFuIHeILD

&H6VLILIL &35 60607 el6) T 6mTLD CFUIH6L GurevBe aUTeiTGleu6N
BoBLL SFHewenr  alleufemibCFuisHeid  Uallulwedled  (pHaSUIDTe  eeliBTHD
HMHBULUGBBHL.  aureiOeued  mBipBLUL  elleugswid  OFUIH6L  CUITIHL SHemer
b  OBTETEHBHMID  DUBISledT (PSS WIHSHINGHSHened — STIOTedHHeID
SIQUFAWIDTE BTG, uTenOeuad HioBLL  efleugsnid BEBLUL  LIgHBHTH
OHTLIT BTGl BIOMBLL LIQOD 6T6LGH @@ Oummefler Sieney, CoHTmmBLD,
BB, @M  SMWLIL,  HIPsH, DGWL  (WeB, QT Gumes
APEVSHFnBIHET NeN6NIHH 2 HATHGID 2 _(Haudh CHTHBBIOTGID.

Slene] (Size)

BIOBLIL ST  Dieemal  HIOBLIL SHFH60  HTewlILUBD @  Qummerie
Sjenellensid STIOTHILILGHED (WHBWSH D CUBIBEBH. CUBHLUTEILD  SieTenel
BLOBLL HFH60  OBETRHBUILLIQHSGHD — D6V60H  GHNSHMTIPD  UTEDITTE U6
o wyupd, O&BTEHSUILLIMILTST — SieTenealsnul  [BID  HEWIHSHIL  (LPIQUILD.
FTemeLHONI6N  DIBVD,  STUICOLITENSHHBEM6N  DIB6VID, Fhd  QI6THIGHN6NH
SLHIID  GWTUIS6T  LoJhiseles  &Bmene]  Gumeiimsner  e6lbleuTeImID

oBmeuBmlellhbam CoumiLl Lener SeICaImILTL 19606 BTID  DI6T6)HMET  NSHFH
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STOTNHHIB OBmeieneond. QUTGHINTE  @Gluimliysbset Fnflw  Dienailsid,
CHTOBFTMEVH6T, euTemiL  (PpHHWSHSHIOID OupId wBs @LmseT  Guflu
Semald QHSGHWD. RHI6uTean Guflw Sienellsd &TewlILIGD. ellewemum (B
HLe0BEHID 6T6Mlgled UMb OHmeiTen (LpIQuiLd.

Gxmmmid (Shape)

DG HENT6D 2 (HUTSHBLILIL L FT6N60H6I, EHUILILILITENSHEH6I, HTeLITUISH6NT
Curaipemen  EmISTe  CHTBBHHIL MID SUIBnSSH CHTBBMIGET B H6,
QPML &6 BuUTeiiBenel  QUEBmIGBMILD  STemilLBLD.  UsHiLBSHF  elleusFmuid
CQFWIHOMB  IUIHET Bl — UDIWMISSIULL  CHTBBHHIL b,  Fpfluw
BTUUGHSB6T,  SLBBOIH6T  QUMSBB  CHMBBHHIL @D  STerILIBLD.
Q6ualenIollenLs OBTemi(H HTD efeugemnrd GlFuIuI(LpIQULD.
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aemtemnbwId (Tone)

aureiOeue  miioBLL 1D Geum L. FTIDLIED  6)6wTENISHAHD  HTeTILIBLD.
@bpB  Caupur@  CurgieuTs b e  GeuelFsd  SILGH BT HHSE
rHuedsaBCHT DiHmenF  FMThH  DDOOHHHEGLD. UFHH  HTEVHSH6E0
IBGBHLILGID  HIPMLULHH6L  QRemeow|HTHBTHHENT  BCHTemL. HTeVHMS el
RCeugment  euETTENISHFHL  HTeWILILIBLD.  6UBEWIL. LG Hdemen el Byl
IILTHS HBHHIL 6T STewilLBLD. BTG (PHTHSH  SHTeonwmibeT  Geuerfpiu
BPIBSSHILEDID,  (PHITHMeN  FBBI  SLTHS  DBSSHIL@ID  STERILILIGLD.
Ljs00l6u6T B6IT BHHSHT FMIDLI6L 60016301 H 3 GVILD, LOGOTBLITLIL|E 61T

Oleu6TEDEMUITSHAD  SHTEMILILIBLD.
@enipemioli] (Texture)

@emLpUIEnLOLIL] 6216301 6001 [ LIG5> 85160 SITemTLILI(HLD GoumIumBaemern
CeuellILBHHIPeimen. HTBH6T  HFH  (PFLTN  SeNIPUIHIOLILIL DI,  LIGHTH6IT
QLosiTEDLOWITEN  EREMIPUIEDLOLILIL DILD  ST6wILILBLD.  LIDSHEHTL L MIS6IT 6 (LOMISTE0

SIMOLILTD HTEIILBL 2 (19FH HlevmIGsT FITen SenDSHEHL 6T HTewIlILIBLD.

Bipsv (Shadow)

Q@M Ourmefler o wrsHdHenerl uBBld OHfba  Csmeitem  HlIpsd
LweUGEBEH.  @®  CQummefledr  Hipsd  SGUTHEDSHESG — OeueMiLmBg 60
Al(PhSHTL DIH 2 WgoTen GUTmH6T o6 HTD OHMbHaH CHT6TemevTID. DGHSHU
I FCremamliGHuled Mliped GmIBd STewIlLlLTed Ffluier OHBaled BimHdeD
o eitenigl  elei@l  SI¥bEH  OdmeiTeneomid.  GeMiTETevHHe0  Hlpsd  Hewi(H

smewiliLiged  Fflwedm eI UG Huled 2 eitengl oliml  OHfbEHI  Cdmeitemevmip.
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QUTFHIOITE HIP6L  HTeM6L, LOTEMeLUTEL  HEMDTHAIID, DHUIHHED  GMBAUTHELD

SITeorLILI(BLD.

SiEmIGwemn (Approach)

BoBuL  eleugenid  QFuIUIDCUTEHI  elleugeniid CFuiLeufen  DIEmIG(PeHB
Oxpefleures Qmdbsd GouswiBld. CUTHIUTS HTHH6T  DILTHH LG H6I60
AWLBLGHH6ML  @BempwglILTmngd  OFaim  SewLullsd  (LPIYaIsHL HEHT6EV
SUUGHUTIL @  oleugtwd Guuimly o etengl  eeim BT LfbHg
Qm®meitemevmid. @& CuUTHICB FHMMIF FUMLET Fnlgul  HmbH  Geueluled
wHHUNL  slLld @oulasr S5HBHS Geuall  ellwenwiml (B eHLOSHTEILD
6T0IMID, &L IQL LD &H6Ve HleW6VUID 616l [BLOGI CUITHIOITET DS (LPemMU 6Dt
epsold  efleugemrid  QFuIwIeOTD.  Lend  CUTHSUWLET  Fwlgul  SHLIQLID
CamimaTeney  eleibHemenr HID aleuflds  GouswiBd.  elleugemniio  GFuiLieufledn

Gl SIeWIGPeOB AU HNSH HETE LIULIEDISTENTHTEHGD.

ComannlwienalmHall]  HIPBLIL HAHl60 STeRILILGID OUITHL_ ST  DienLoLIsHL
MAUBHFHID DUBBIGT  HeNMIDHEMST  BTD  IWbFHI  CFBmeiTenmevTd  FTeimTSH

GLUIELeT  Siewlilened  BID  SMeomd. S Lo’ L @uilgiu,
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HLOLTSH GSUIMGLUT slalmd IUBBIET  Q(DBIGTE  SIENIOLIDL  6DeUdHSEI
BTD  6l6MPH60 Fnm  (PIQUD. CHIQUITEEF OFaim UTTHH AP HEH  Csmeiten
FHB CHID BCHemel. Yemed MBIPBUL HGHe0 UTTHH 2 L CerBu RHemedt [HILD
SIBHHI CBHT6ITEM6VTID.

A ussrlflaes smell uritewen (Stereoscopic Vision )

BLOBLL SFHemert  alougenid OCFUIISBE (P  DIGHeMen  6TeleUTml  [BTLD
LUTTéhe CalemiBld eTeiilenddh OHemeursll Lflbgkl Osmeten GeuswiBlo. ERmEaum
Camemt SieMa)H6IM6L 6I(HBBLILL L DIHIDLILEG6MET LIgeumidHeT Hi L Sl Fluleneo
SHTeaug  @wplufiioment s Hullewenr  BIoBEG — JNNHHGBH. DM HSH
BILOMBLIL_MI&6THLD @puuflomesréd SM._Flullenend SMTL_(HLoTmI ©_6IT6M6I.
Bleotugliied sSTeiIuB @M SLID GHoBbhHH QIewiB  HLOBLL misSelevoTalsi
@LID QUBMIHBELD. QHHMBIL Am BILOBLIL MHIS6D6T S Lk
&M Fbmalulenmed @m  HewIdenTeud  UMTH@EGWEUTEH  BID  Beoruyliisd
Crywinrs ummiug Gurem CaHTBBHH MG Remeu HHadlemen. HECeugHT6
Beotiuginfed  @mrgwines  ummiug  CumeiGm 2 _swienwwitenr  GHTBWHMSH
aumeiiGeuel BIOBLIL BIG6T BOSHEG SHHAUDHTEL Reval LISQD LILIGI6TENeNaIUITSHS

&(HBHLILI[H B 6T 60T,

@®m pHoBULBIEmeT  CBOuT®mhHUIMBHSHL cpsvld @6  BIOBLIL DTS
wuuflorenr  CHTBBHHemeId HHIOTH  DMOHHT0  ASHBEG P LSSTL &
@emew  eleiiml  GuwiT. “FHlus &1 F Rewewr” (Stereo Pair) @Gy Osmiy
SN HH60 QHmB@GIOTH  STewrlUBD.  BTD  eleugenid OQFuiud  Gurgi
6U6VG] & 6001 UIMT&@LD SI6MLOLIL QL & & 6001600160 LUTT&@GLOTm
SIMSHBILLQHBEGD.  CoBOUTHHHUWIGSHGID UGHH @By FowHHed &
HEWIHENMTEVID UMTHSILUGILD CuTdl H ud &M & svevgl liufliomewnid & &

HeOI& [HLDHEG BN HGLD.

areOeue  MHIpBLL BIGemen  eleugenild  QFUINSHBE  HPHBHTEID

HMHABHET  LILIGHTLI(HE5 T3 60T.

1. eou A usd sr_FHessmal (Pocket Stereoscopes)
2. demiemimly b HT_Hdb smal(Mirror Stereoscope)

3. ePsBam L Casmemieneyd &1 Lib (Paralla Bar)
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4. op0dB Hus s dbsmel(Scanning Stereoscope)

5. apsev Bemev wrHfed smell (Sketch master)

U A udk &M _Hé smell (Pocket Stereoscopes)

Wsab ool GHmBhHS alensoulsd HenLHGW0. HMmHal RHIUTGHWD. @
emUUlsd  emeUBBLILILIQHLILSHTE0  6IhIGID  DHmaib0sTeni(h OlFsveveomd. 250
.15 GlGmyupld GCsmewi. @@ elefllul CBT Hewtenimy  6l6LeN6VHET 2 6iT6T6N.
@ewen  FIHTT  HEWIOL L HFHe0  DFHmeug 65 Wbl QewL Geusfullsd
QUTMHSHILLIYHEBGD. 100 1O 2 wgshdled @emeu  QUTHSSLILIL 19(HBGLD
olefladled  LB@GHTH  SHTOLUGDH BT  MDGHBLILLIQHBGID.  GIDIOL HE
HMLHEHID QemL LU el _Geuell Fgragfl 150 0.6 H&D. SdHHmeNuler
apsold 2 wLMIEG GCaHmmmid Cuiistéadld smemiilssiu®Gamas.  250..1001f2.5
LLBIG 555G HUSST HE Small FBw  SenaledsiTen  BIOBLIL HIGener
alleuyenid OFUIWLINLIBES MBS,

sewtemimly H s s1_Hd smel (Mirror Stereoscope)

Qbsmal  Qm  Hevtenimy, @ olevensy, @M  (PULL ML &lls0EN6D
GuiTeiTBEM6) OB TEwTL F. UG HITELSH6IT OBTEmILHTHALD SieN6)
FROFULILOTBID  DIEMLD&HBLILIL_(H6TTeNen. SHenTenrmiguiled LB HIpBLIL LTDUMRIGSen6IT
iUl e allsvemeuderledr  cpeold  UMTH@GID  Gurgdl  wliuflorswgd  CHTmmid

BeIE DML HHMSI.
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Sy  uTTemel  elevemevdsll  UTTHGD  rHMuledmbgds 300 LS
OpTemevalled SMHBGTHMI DHMIDSHBLILLIQHLILHTE0  alle0enevuUTed  H&HTalle0HHID.
0.8 6B  SEMMAIULITH 2 _6lTeNH. N[BT  HlewiGhHTHeTy  GUTHHHL
LTTSHGWMHI aIFHH6T QP60 2 eilenear. @QHeme0 alsveneoule OHeflenel Sl
IFHNEHBH. DbsmaIulen cpeold G  HIOBLL BIHNET  H6dHGH6M ULITH
meuHSH alleugenid OGFuiwl (Wigub. GBeUTHBHSUWIHHHeVleTeL BCHTeBID &Fl6v

LT &FFemendmene @dHl60 HeMTESHE0MLD.

oW asCasm_L Gasmemisneyd &L Lib (Paralla Bar)

@R OuTeheT  OTBTDEL  RHBH, UMTHGID ECHTemid  LOTBIeN S ET6eD
gBu®B almenBa eufldCsT L Caxmemiene semlipl. S6p Gumeiiml e
BIOBULSHFH60  STewilILBlD  CHmmmID.  euTepmTHulen SienFalamed  DBHHD
BILOBLL HFev TS sTemilLGanSd HussTl & oipldCsm L. Gamemiene)
oIl Fmmeomid.  MPECHET L Comeamdbensd  DeNbSILUWLSILIGID — HHmeIGu
allflbCam L Cxmemieneyd &FLULID D6060H SH L ST [HI6TT6mT6T6n6ULOT 6
AGD. @PuibhseT OETewiL. @M  Hewtewimodh HBBH6ET  FH([HBTEmNUITED
QeSS QHBGWD. @ OCurmeeniuTTa@G Burgd Sm  HBBHMID
sTelILBl  GBUILB DvGHHB6T  BHMmID  GBluiGsellenmed  @emrsiiLl (B

® WIID H6nIbHSILLLIBHMBSHI.

aurerOeuel  BIeBUL HHI®mHH  Qupri’ L elleujhissnend  CsTemi(®

HOVLILILBIG6T  euenflUbaSlemer.  @$BHETed  HeoluL  LIQOWIBHGD
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SUIFFL LD LOMBMILD (LP&H6L 1Hl6m60 or&Hfabsme Guimsiimem &I |LD

LILLIESTLI(H S &L ILI([H &) 6013601

SPGB Hus sM_fés smal(Scanning Stereoscope)

Qbsmal  Hewiewimly  H b HTLHH  sHel  CUTRIBEH. — DLETED
Qdbsmalulsd  HIPBLILMIGHMET  HBTHHTo60, elleugenid OFUILOICH  LOBWID
HMFHEMEL HbBTHH elleugewid OCFUILIOTH 6IFSHHeT 2 6itenen. NdbHEHalulsd
QUITHSHBHLILIL_(HETTEN  HEWIITIQFF 6060  FLPEVIDTH  LITTHEH  BIPMLIL HAH6L 2616l

alauhisemenl CURsILGSHHE 6HT6ITETeVTLD.
(WpHev Benev omFHfs smell(Sketch master)

LellliuL b QUM HVIHELD, &H6VLILIL_®IG61T60(hHHS HlevsHBHTHBM
SIMIDLILBHMET QDSBS Bbsmal LWSTLUGHBH. Sdsmaiullsd o esitern
2 GeuTHHHMHIS CFRIGHSHTH (H DI F: SL_6mL_UileD
QememiBHBLLL (BeiTeNgl.  CQFhIGHHHTE 2 6o 2 _BeuTdHHTHRIBSIUTL  DieT6)|H6IT
GUGHIULIHBGHD.  BbHmhdEUIsd  afl  GFulwbdmigul  FHmBsTeniuled
QememibHILL L. SemLwimes 2 _Beomdd &L DIeNM6)|HEHL 6T BTl ILIBLD.
@QeHI0L (pedTenIlD,  LleTenID  BBHHTH  HTILGHBEH.  QdbaHIDL U6
LOBIUSBHHHE0 HIOBLL MG QUTHHHINSBES gBBaITH @ 2 CeorssHHs®
STLILGHBH. DbH HBH HIOTEN  HMHHHH ML  ENeN6mTdBHLILIL 19 (HEHELD
sewLwmenr 2 Georsds  sbluflesr @migHlulled oMBIGTEH  SewLwimenr  &HLDL
CFRIGHHTH Qememt & B ILIL_ 19 (HEBHGLD. @RHH1DLTUT6D @ WU _emL_&

HEWIEWITIQHET  SHTEIILIBDHIMenT.  QDAPLILIL DL &  HTGWICWITIQH6T  LPSVLDTSH
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o BouTdHHHL 1960 SenewibBLLL L  HIOBLL Hmd SO  emeudsLILIL (HeiTer

WP&H6L Hlemev OTHIT Di6LEVGHI LILILIL Slenen.

BTD @6r gFwwHHeL uTTHE (WU, @Hed 2 sifenm &Ml  QFUIULD
HmBTemienwld OCsremi FlOFUISH HeoHCHTBBRIGBmET  DIBHH  elleuTemnrd
C&FuIwIpIQULD.

CoBammpril’ L Fev QLN b  HHeldamend OCeTewiBd.  HBEUTH
QUBHFHIGTON  LI60  BHIeIHHIONE  HHeNbenend CeTei(Bld  [HITD  HIOBLIL HIGEN6T

alleugemrd GFuIuIeLTLD.
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PRINCIPLES OF REMOTE SENSING
Unit: 111 Code: 18K5G08

Aerial Photographs

Photographing from air is basically known as aerial photography. The word
‘aerial’ derived in early 17th century from Latin word aerius , and Greek word aerios
. The term "photography" is derived from two Greek words phos meaning "light" and

graphien meaning "writing" means "writing by light™.

Aerial photography comes under the branch of Remote Sensing. Platforms from
which remote sensing observations are made are aircraft and satellites as they are the
most widespread and common platforms. Aerial photography is a part of remote
sensing and has wide applications in topographical mapping, engineering,
environmental science studies and exploration for oil and minerals etc. In the early
stages of development, aerial photographs were obtained from balloons and kites but
after the invention of aircrafts in 1903 aircrafts are being used widely for aerial

photographs.

The sun provides the source of energy (electromagnetic radiation or EMR) and the
photosensitive film acts as a sensor to record the images. Diversifications observed
in the images of photographs shows the different amount of energy being reflected
from the objects as recorded on the film. Nowdays aerial photography also become
digital where values of reflected electromagnetic radiation is recorded in digital

numbers.

An aerial photograph is any photograph taken from an airborne vehicle (aircraft,
drones, balloons, satellites, and so forth). The aerial photograph has many uses in
military operations; however, for the purpose of this manual, it will be considered

primarily as a map supplement or map substitute.




Camera/Film/Filter
Combinations Aerial Cameras:

Aerial Cameras are special cameras that are built for mapping which have high
geometric and radiometric accuracy. Airborne camera are built with exactness and
purposely designed to expose a large number of films/photographs in speedy
succession with the ultimate in geometric fidelity and quality. Aerial cameras
generally have a medium to large format, with good quality lens, a large film
magazine, a mount to hold the lens, the camera in a vertical position and a motor

drive.

There are various types of aerial cameras such as Aerial mapping camera (single lens),
Reconnaissance camera, Strip camera, Panoramic camera, Multi- lens camera,

multiband aerial cameras, Digital camera.

The Strip Camera

Strip cameras record images by moving film past a fixed slit in the focal plane as the
camera is moved forward. The slit remains fixed, and image is formed on the film as it
moves past the open slit. This camera is used in missions requiring object height
determinations. It is used on a aircraft based platform. Other uses are airport runaway
inspection, highway and rail road studies, selection of rights of way for pipelines and
power lines (Not in India, though), and for determination of tree types for forestry
applications. The disadvantage of this type of camera is that there can be a 'banding'
effect on the strip photograph due to cyclic changes of exposure. Also, since the slit is
continuously open, if the film velocity is not steady, as can happen due to aircraft

vibrations, motion blurring will be introduced in the photograph.

ThePanchromaticCamera

This is the most widely used camera in satellite imagery applications. Also called the
single lens camera, this camera consists of usual optics which focusses light on a CCD

array. The CCD array converts the light falling on it to voltage, which is then sampled
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and quantized to get the actual bit stream, which represents the picture in the
digitalform.This camera is also used in aircraft platform, but there instead of CCD
arrays, photography film is usually used. The Panchromatic camera is so called because
it can sense the radiation beyond the visible wavelength (Infra Red).The main
characterstics of a panchromatic camera are:
o Low Geometric distortion and can therefore be used for photogrammetric
purposes.
« A low distortion lens system is employed which is held in position relative to
plane of the film.
« A Frame of imagery is acquired with each opening of camera shutters which is
generally tripped at a set frequency.
« Focal length usually varies from a few cms to more than a metre, focal lengths of
150mm, 300mm and 450mm are commonly used.
The panchromatic camera is most widely used camera in remote sensing applications in
general. It finds uses in photogrametry, forests and land cover surveying, and for

gathering visual and near IR band data.

ThePanoramicCamera

This is a camera designed to take the photographs of a wide area and therefore it
has a lens having a wide field of view. This enables the camera to take the photograph of
a large area, typically 40 to 50 kilometers in length and (also) breadth. There are

different kinds of panchromatic cameras, and the major types are listed below:

WideAngleLensCamera
This camera has a wide angle lens, hence the name. This allows us to photograph a
larger area in a photograph as compared to the normal cameras.
RotatingLensCamera
This type of camera has the film in a semi-circular assembly, and the lens rotates in
an arc, always keeping the same distance from the film, thus maintaining the focus. As
the lens rotates, It receives reflected light from the surface and focusses on the film

through a slit. This allows the camera to take a picture in an arc of 180 Deg.
3




RotatingPrismCamera

This is nearly the same as the above type, the only difference is that whilst the lens
remains stationary, a rotating prism is used to focus the light.The panoramic camera is
able to cover a big area in a single photograph with clear details. However, due to the
fact that the image is being taken over a larger area introduces distortion due to differing
conditions of the weather in different parts of the image. Also a geometric distortion is
also introduced due to the constructional features of the camera. So while the panoramic
camera is very useful for preliminary surveys, it cannot be used for photogrammetry.
TheMultiLensCamera

This camera has four lenses each of which focusses light on its own film roll. Each of
these lens assemblies are identical except for the fact that they have different filters. One
has a Red Filter, One has a Green, one has a Blue filter, and one has a Infra Red Filter.
We can thus take photographs of exactly the same area on the

groundinfourdifferentbands.

These photographs can be viewed in a special viewer in real or false color or various
combinations of filters to view a particular feature in enhanced clarity. This camera is
now falling out of favour mainly because A combination of four identical cameras
suitably coupled can perform the same function, also the technology of multi-spectral
scanners have advanced to such an extent that now they are the preferred instruments for

this purpose.

Digital Camera
A digital camera is a camera that captures photographs in digital memory. Most
cameras produced today are digital,[* and while there are still dedicated digital cameras,
many more cameras are now incorporated into mobile devices like smartphones, which
can, among many other purposes, use their cameras to initiate live video-telephony and
directly edit and upload image to others.!?l However, high-end, high-definition dedicated
cameras are still commonly used by professionals and those who desire to take higher-

quality photographs.



https://en.wikipedia.org/wiki/Digital_memory
https://en.wikipedia.org/wiki/Digital_camera#cite_note-1
https://en.wikipedia.org/wiki/Mobile_device
https://en.wikipedia.org/wiki/Smartphones
https://en.wikipedia.org/wiki/Digital_camera#cite_note-2

Digital and digital movie cameras share an optical system, typically using a lens with a
variable diaphragm to focus light onto an image pickup device.[’1 The diaphragm
and shutter admit the correct amount of light to the image, just as with film but the
image pickup device is electronic rather than chemical. However, unlike film cameras,
digital cameras can display images on a screen immediately after being recorded, and
store and delete images from memory. Many digital cameras can also record moving
videos with sound. Some digital cameras can crop and stitch pictures and perform other

elementary image editing.

Types of Aerial Photograph:

There are different criteria to classify aerial photographs. Different criteria are scale,
tilt angle, angular coverage, type of film and spectral bands. Depending upon these

criteria aerial photographs can be classified as follows (fig 8a, 8b):

A. Scale:

1 Large scale: between 1:5,000 and 1:20,000
[1 Medium scale: between 1:20,000 and 1:50,000
(1 Small scale: smaller than 1:50,000

Fig 8(a) Small scale and large-scale difference



https://en.wikipedia.org/wiki/Digital_movie_camera
https://en.wikipedia.org/wiki/Camera_lens
https://en.wikipedia.org/wiki/Diaphragm_(optics)
https://en.wikipedia.org/wiki/Digital_camera#cite_note-3
https://en.wikipedia.org/wiki/Shutter_(photography)
https://en.wikipedia.org/wiki/Flash_memory
https://en.wikipedia.org/wiki/Sound_recording_and_reproduction
https://en.wikipedia.org/wiki/Cropping_(image)
https://en.wikipedia.org/wiki/Image_stitching
https://en.wikipedia.org/wiki/Image_editing

Fig 8(b) Difference in levels of scale

B. Camera Orientation:
Vertical:

A vertical photograph is taken with the camera pointed as straight down as possible.
Allowable tolerance is usually + 3° from the perpendicular (plumb) line to the camera

axis. (Fig 9a)

The result is coincident with the camera axis. A vertical photograph has the following
characteristics:

(1) The lens axis is perpendicular to the surface of the earth.

(2) It covers a relatively small area.

(3) The shape of the ground area covered on a single vertical photo closely

approximates a square or rectangle.
(4) Being a view from above, it gives an unfamiliar view of the ground.

(5) Distance and directions may approach the accuracy of maps if taken over flat
terrain.

(6) Relief is not readily apparent.
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Vertical Photographs

Horizontal Photographs

1. The horizontal air photos are also knows as terrestrial air photos.
2. Inthe production of such air photos, the axis of the camera is horizontal.




Horizontal Photographs

Oblique photograph
e In the oblique air photos, the adjustment of the axis of the camera ranges from
the vertical to angular position. The area covered by oblique air photos
assumed the shape of a trapezium.
e An oblique photographs is divided into two types;
1. Low Oblique Photographs
2. High Oblique Photographs

1.Low oblique:

This is a photograph taken with the camera inclined about 30° from the vertical. It is
used to study an area before an attack, to substitute for a reconnaissance, to substitute
for a map, or to supplement a map (Fig 9b). A low oblique has the following

characteristics:

(1) It covers a relatively small area.
(2) The ground area covered is a trapezoid, although the photo is square or rectangular.

(3) The objects have a more familiar view, comparable to viewing from the top of a

high hill or tall building.




(4) No scale is applicable to the entire photograph, and distance cannot be measured.
Parallel lines on the ground are not parallel on this photograph; therefore, direction

(azimuth) cannot be measured.
(5) Relief is discernible but distorted.

(6) It does not show the horizon.

Fig. Low oblique

2.High oblique:

The high oblique is a photograph taken with the camera inclined about 60° from the
vertical. It has a limited military application; it is used primarily in the making of
aeronautical charts. However, it may be the only photography available. A high

obligue has the following characteristics:

(1) It covers a very large area (not all usable).
(2) The ground area covered is a trapezoid, but the photograph is square or rectangular.

(3) The view varies from the very familiar to unfamiliar, depending on the height at

which the photograph is taken.

(4) Distances and directions are not measured on this photograph for the same

reasons that they are not measured on the low obligue.




(5) Relief may be quite discernible but distorted as in any oblique view. The relief is

not apparent in a high altitude, high oblique.

(6) The horizon is always visible.

Fig. High oblique

3. Trimetrogon:

This is an assemblage of three photographs taken at the same time, one vertical
and two high obliques, in a direction at right angel to the line of flight. The obliques
taken at an angel of 60° from the vertical, sidelap the vertical photography producing

composites from horizon to horizon.

Fig: Trimetrogon
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4.Convergent Photography:

It is a sequential pair of low oblique in which the optical axes converse towards one
another. in this kind of photography both the photographs cover the same area but
from different locations (Fig. 9(d).

Fig. 9(d) Convergent Photography

C. Angular Coverage:

Angular coverage is a function of focal length and format size.

(] Narrow Angle: Angle of Coverage Less than 200 (Large Focal length) Used
for General interpretation, intelligence and mosaics.

[J Normal angle: Angle of coverage between 500 - 750 used for general
interpretation, mapping, ortho-photography, and mosaics.

[1 Wide angle: angle of coverage 850 - 950  used for general interpretation,
general purpose photography for normal terrain, resource mapping and
mosaics.

(1 Super-wide angle: angle of coverage more than 1100 Used for General

purpose mapping of flat areas
11




D. Film

(] Black and white panchromatic: This is most broadly used type of film for
photogrammetric, mapping and interpretation.

(1 Black and white infrared: This is used interpretation and intelligence and in
hazy environment as IR can penetrate through haze.

(1 Colour: This is used for interpretation and mapping.

(] Colour infrared/ false colour: This is used for vegetation studies, water

pollution, and crop studies.
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STEREOSCOPE VISION

A stereoscope is a device for viewing a stereoscopic pair of separate images,
depicting left-eye and right-eye views of the same scene, as a single three-dimensional
image. The function of a stereoscope is to deflect normally converging lines of sight, so
that each eye views a different image. Instruments in use to-day for three dimensional
study of aerial photographs are of two types i.e. Lens Stereoscope and reflecting or
mirror stereoscope. Stereoscopic vision is also called space vision or plastic vision, is a
characteristic, possessed by most persons of normal vision and is important for ability to
conceive objects in three dimensional effects and to judge distances.

Stereoscopic vision is the basic prerequisite for photogrammetry and photo
interpretation. Stereoscopy is defined as the science or art which deals with stereoscopic
or other three dimensional effects and methods by which these effects are produced.
Human beings can distinguish depth instinctively. However, there are many aids to
depth perception, for Instance, closer objects partly cover distant objects or distant

objects appear smaller than similar objects nearby.

Types of stereoscope
The function of a stereoscope is to deflect normally converging lines of sight, so
that each eye views a different image. Instruments in use to-day for three dimensional
study of aerial photographs are of four types i.e. Lens Stereoscope and reflecting or
mirror stereoscope ,Parallax stereoscope and Scanning stereoscope.
Four types of stereoscope;
1. Lens or pocket stereoscope
2. Mirror stereoscope
3. Parallax stereoscope
4. Scanning stereoscope.
Lens Stereoscope:
Lens Stereoscope is also called as pocket stereoscope because of its size and easy
transportability. Eye base was fixed. Lens is used in pocket stereoscope is Plano-convex

lens. Pair of magnifying lenses are used to keep eyes working independently and there
13




line parallel. The height of pocket stereoscope is 10 centimeters. It has Plano convex
lenses with upper side flat and focal length 100mm. Since, normal viewing distances is
250mm, a view at 100mm, under pocket stereoscope gives 2.5 times magnification. The
distances between two lenses is either fixed at 65mm which is the average eye base or
are adjustable to distance between users’ eyes.

Distance between legs of the stereoscope and focal length of lenses are so adjusted
that the images are located at the focal planes of lenses. Lens stereoscopes are handy,
cheap and are good for study of small format aerial photographs. Larger photo sizes,
need folding while viewing. However, they have limited magnification afford limited
illumination because of limited distance between observer and photos and afford small
viewing field because image points in a stereo pair have to be kept apart by distance

equal to eye base.

2. Mirror Stereoscopes

Mirror Stereoscope is also called as reflecting stereoscope. It provides view of
entire overlap by an arrangement of prisms and mirrors with increased distance to about
15 to 20cms. In addition, binoculars, attached with the mirror stereoscope, provide 3X

to 8X magnification. The mirror stereoscopes are most widely used in photo
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interpretation and in photo measurements, in combination with parallax bar. Mirror
stereoscopes can be used for larger format sizes of aerial photographs because the visual

base in this is enlarged by double reflections.

3.Stereoscopic Parallax
The displacement of an object caused by a change in the point of observation is called
Parallax. Stereoscopec parallax is caused by taking photograph of the same object but
from diffrernt point of observation.
In other words, parallax is an apparent displacement of an object when seen from
two different positions. Whereas, Stereoscope, optical instrument, through which one
may view photographs of objects not merely as plane representations, but with an

appearance of solidity, and in relief.
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In a stereoscope two photographs, taken from positions related approximately as
the positions of a person's two eyes, are placed side by side. ... When a person observes
these photographs, his brain combines the separate images from each eye into a single

three-dimensional one.

Zoom Stereoscope.

The Z4 Zoom Stereo-Microscope on Dual-LED pole stand is a laboratory-grade
microscope designed for medical, veterinary, and industrial professionals.
The zoom optics magnify from 7x to 45x with the included 10x eyepieces, producing

amazing 3-D depth focus and clarity for critical applications.
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ELEMENTS OF AERIAL PHOTOGRAPHS

TONE/COLOR

Tone can be defined as each distinguishable variation from white to black.
Color may be defined as each distinguishable variation on an image produced by a
multitude of combinations of hue, value and chroma. Many factors influence the tone or
color of objects or features recorded on photographic emulsions. But, if there is not
sufficient contrast between an object and it's background to permit, at least, detection
there can be no identification. While a human interpreter may only be able to distinguish
between ten and twenty shades of gray; interpreters can distinguish many more colors.
Some authors state that interpreters can distinguish at least 100 times more variations of

color on color photography than shades of gray on black and white photography.

RESOLUTION

Resolution can be defined as the ability of the entire photographic system,
including lens, exposure, processing, and other factors, to render a sharply defined
image. An object or feature must be resolved in order to be detected and/or identified.
Resolution is one of the most difficult concepts to address in image analysis because it
can be described for systems in terms of modulation transfer (or point spread) functions,
or it can be discussed for camera lenses in terms of being able to resolve so many line
pairs per millimeter. There are resolution targets that help to determine this when testing

camera lenses for metric quality. Photo interpreters often talk about resolution in terms
17




of ground resolved distance which is the smallest normal contrast object that can be

identified and measured.

SIZE

Size can be important in discriminating objects and features (cars vs. trucks or buses,
single family vs. multifamily residences, brush vs. trees, etc. ). In the use of size as a
diagnostic characteristic both the relative and absolute sizes of objects can be important.
Size can also be used in judging the significance of objects and features. The size of the
crowns of trees can be related to board feet that may be cut for specific species in
managed forests. The size of agricultural fields can be related to water use in arid areas,
or the amount of fertilizers used. The size of runways gives an indication of the types of

aircraft that can be accommodated.

SHAPE

The shape of objects/features can provide diagnostic clues that aid identification. The
Pentagon building in Washington is a diagnostic shape. Man-made features have straight
edges, natural features tend not to. Roads can have right angle (90°) turns, railroads
can't. Other examples include freeway interchanges, old fortifications (European cities),

military installations (surface to air missile sites).
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TEXTURE

Texture is the frequency of change and arrangement of tones. This is a micro image
characteristic. The visual impression of smoothness or roughness of an area can often be
a valuable clue in image interpretation. Still water bodies are typically fine textured,
grass medium, brush rough. There are always exceptions though and scale can and does
play a role; grass could be smooth, brush medium and forest rough on higher altitude

aerial photograph of the same area.

PATTERN

Pattern is the spatial arrangement of objects. Patterns can be either manmade or
natural. Pattern is a macro image characteristic. It is the regular arrangement of objects
that can be diagnostic of features on the landscape. An orchard has a particular pattern.
Pattern can also be important in geologic or geomorphologic analysis; drainage pattern
can reveal a great deal about the lithology and geologic structural patterns of the
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underlying strata. Dendridic drainage patterns develop on flat bedded sediments, radial
on domes, linear or trellis in areas with faults etc. It must be noted here that pattern is

highly scale dependent.

SITE

Site refers to how objects are arranged with respect to one another, or with respect to
terrain features. Aspect, topography, geology, soil, vegetation and cultural features on
the landscape are distinctive factors that the interpreter should be aware of when
examining a site. The relative importance of each of these factors will vary with local
conditions, but all are important. Just as some vegetation grows in swamps others grow
on sandy ridges or on the sunny side vs. the shaded sides of hills. Crop types may prefer
certain conditions (e.g. orchards on hillsides). Man made features may also be found on

rivers (e.g. power plant) or on hilltops (e.g. observatory or radar facility).

ASSOCIATION

Some objects are so commonly associated with one another that identification of
one tends to indicate or confirm the existence of another. Smoke stacks, cooling ponds,
transformer yards, coal piles, railroad tracks = coal fired power plant. Arid terrain, basin
bottom location, highly reflective surface, sparse vegetation = playa, which typically
have halophytic vegetation e.g. saltbush. Association is one of the most helpful
interpretation clues in identifying man made installations. Aluminum manufacture
requires large amounts of electrical energy. Schools of different grade levels typically

have characteristic playing fields, parking lots and clusters of buildings. Nuclear power
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plants are associated with a source of cooling water, weather patterns can be associated

with pollution sources etc.

SHADOW

Geologists like low sun angle photography because of the features that shadow
patterns can help identify (e.g. fault lines and fracture patterns). Church steeples and
smokestacks can cast shadows that can facilitate their identification. Tree identification
can be aided by an examination of the shadows thrown. Shadows can also inhibit
interpretation. On infrared aerial photography shadows are typically very black and can

render targets in shadows uninterpretable.
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