
UNIT I REMOTE SENSING

Prepared by

T.DINESH KUMAR
Assistant Professor

ECE, SCSVMV

REMOTE SENSING & GIS



AIM & OBJECTIVES

 To provide students an exposure to Remote sensing.

 To understand the basic concepts of Passive Remote Sensing.

 To  learn about Electro Magnetic Radiation.

 To acquire knowledge about Planck’s law – Stefan-Boltzman law.

PRE TEST-MCQ TYPE

[1] The relation between velocity, wavelength and frequency can be given as _________

a) λ = c / r

b) λ = c / f
c) λ = c / h

d) λ = h*c / f

[2] Remote sensing uses which of the following waves in its procedure?

a) Electric field

b) Sonar waves

c) Gamma- rays

d) Electro-magnetic waves

[3] In visible region, the blue light is having a wave length range of __________

a) 0.42-0.52 micrometer

b) 0.24-0.52 micrometer

c) 0.42-0.92 micrometer

d) 0.22-0.32 micrometer

UNIT I REMOTE SENSING - CONTENTS

Definition , Components of Remote Sensing – Energy, Sensor, Interacting Body - Active and

Passive Remote Sensing – Platforms – Aerial and Space Platforms – Balloons, Helicopters,

Aircraft and Satellites – Synoptivity and Repetivity – Electro Magnetic Radiation (EMR) –

EMR spectrum – Visible, Infra-Red (IR), Near IR, Middle IR , Thermal IR and Microwave –

Black Body Radiation - Planck’s law – Stefan-Boltzman law.



THEORY

DEFINITION AND PROCESS OF REMOTE SENSING

Introduction

Now-a-days the field of Remote Sensing and GIS has become exciting and glamorous

with rapidly expanding opportunities. Many organizations spend large amounts of money on

these fields. Here the question arises why these fields are so important in recent years. Two

main reasons are there behind this. 1) Now-a-days scientists, researchers, students, and even

common people are showing great interest for better understanding of our environment. By

environment we mean the geographic space of their study area and the events that take place

there. In other words, we have come to realize that geographic space along with the data

describing it, is part of our everyday world; almost every decision we take is influenced or

dictated by some fact  of geography.  2)  Advancement  in  sophisticated space technology

(which can provide large volume of spatial data), along with declining costs of computer

hardware and software (which can handle these data) has made Remote Sensing and G.I.S.

affordable to not only complex environmental / spatial situation but also affordable to an

increasingly wider audience.

REMOTE SENSING AND ITS COMPONENTS:

Remote sensing is the science 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.

also involves the

Figure Components of Remote Sensing



1.  Energy Source or Illumination  (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.

HISTORY OF REMOTE SENSING

1839 - first photograph

1858 - first photo from a balloon

1903 - first plane

1909 first photo from a plane

1903-4 -B/W infrared film

WW I and WW II

1960 - space



PLATFORMS AND SENSORS

TYPES OF PLATFORMS

The base on which remote sensors are placed to acquire information about the Earth’s surface,

is called platform. Platforms can be stationary like a tripod (for field observation) and

stationary balloons or mobile like aircrafts and spacecraft’s.

The types of platforms depend upon the needs as well as constraints of the observation

mission. There are three main types of platforms, namely

1) Ground borne

2) Air borne

3) Space borne.

GROUND BORNE PLATFORMS:

These platforms are used on the surface of the Earth. Cherry arm configuration of Remote

Sensing van and tripod are the two commonly used ground

borne platforms. They have the capability of viewing the object from different angles and are

mainly used for collecting the ground truth or for laboratory simulation studies.

AIRBORNEPLATFORMS

These platforms are placed within the atmosphere of the Earth and can be further classified into

balloons and aircrafts.

a. Balloons: Balloons as platforms are not very expensive like aircrafts. They have a

great variety o f s h a p e s , sizes and performance capabilities. The balloons h a v e

low acceleration, require no power and exhibit low vibrations. There are three main

types of balloon systems, viz. free balloons, Tethered balloons and Powered

Balloons. Free balloons can reach almost the top of the atmosphere; hence they can

provide a platform at intermediate altitude between those of aircraft and space

craft.

Thousands of kilograms of scientific payloads can be lifted by free balloons.

Unless a mobile launching system is developed, the flights can be carried out

only from a fixed launching station.

The free balloons are dependent on meteorological conditions, particularly winds.

The flight trajectory cannot be controlled. All these make extremely difficult to

predict whether the balloons will fly over the specific area of interest or not. In

India, at present, Tata Institute of Fundamental Research, Mumbai, has setup a

National balloon facility at Hyderabad. Teethered balloons are connected to the

earth stationbymeansofwireshavinghightensionalstrengthandhighflexibility.



The teethered line can carry the antenna, power lines and gas tubes etc. when wind

velocity islessthan35km.perhouratthealtitudeof3000m.,sphere type balloon is used.

When the wind velocity is less than 30 km per hour, natural shape

balloons are restricted to be placed. Tethered balloons have the capability of

keeping the equipment at a fixed position for a long time and thus,

useful for many remote sensing programmers. Powered b a l l o o n s require

some means of propulsion to maintain or ach i ev e station o v e r a d e s i g n a t e d

geographic location. These can be remotely controlled and guided along with a

path or fly above a given area within certain limitations.

b. Aircrafts: Aircrafts are commonl y used as remote-sensing for obtain ing

Aerial Photographs. In India, four types of aircrafts are being used for remote

sensing operations.

These are as follows:

DAKOTA : The ceiling height is 5.6 to 6.2 km and minimum speed is 240 km./hr.

AVRO : Ceiling height is 7.5 km and minimum speed is 600 km./hr.

CESSNA : Ceiling height is 9 km. and minimum speed is 350 km./hr.

CANBERRA : Ceiling height is 40 km and minimum speed is 560 km./hr.

The following special aircrafts are being used in abroad for remote sensing

operations in high altitude photography.

U-2 :Ceilingheightis21km.(for strategic photographic).Minimum

speedis798 km./hr.

ROCKELL X-15 (Research Craft): Ceiling height is 108 km and speed is 6620

km./hr.

The advantages of using aircrafts as remote sensing platform are: high resolution of data

recorded, possibility of carrying large payloads, capability of imaging large area

economically, accessibility of remote areas, convenience of selecting different scales,

adequate control at all time, etc. However, due to limitations of operating altitudes

and range, the aircraft finds its greatest applications in local or regional programme

rather than measurements on global scale. Besides all these, aircrafts have been playing

an important role in the development of space borne remote sensing Techniques. Testing of

sensors and various systems and subsystems involved in space borne remote sensing

programme is always undertaken in a well-equipped aircraft.



SPACE BORNE PLATFORMS

Platforms in space, i.e. satellites are not affected by the earth’s atmosphere. These platforms

move freely in their orbits around the earth. The entire earth or any part of the earth can

be covered at specified intervals. The coverage mainly depends on the orbit of the

satellite. It is through these space borne platforms, we get enormous amount of remote sensing

data and as a result. Remote Sensing has gained international popularity. According to

the orbital mode, there are two types of satellites– Geostationary or Earth synchronous

and sun-synchronous.

PASSIVE AND ACTIVE SENSORS

Remote sensors are the instruments which detect various objects on the earth’s surface by

measuring electromagnetic energy reflected or emitted from them. The sensors are mounted

on the platforms discussed above.

Different sensors record different wavelengths bands of electromagnetic energy coming from

the earth’s surface. As for example, an ordinary camera is the most familiar type of remote

sensor which uses visible portion of electromagnetic radiation.

Classification of Sensors

Remote sensors can be classified in different ways as follows.

On the Basis of Source of Energy Used: On the basis of source of energy used by the

sensors, they can be classified into two types – Active sensors and Passive sensors.

ACTIVE SENSORS

Active sensors use their own source of energy and earth surface is illuminated by this

energy. Then a part of this energy is reflected back which is received by the sensor

together information about the earth’s surface when photographic camera

uses its flash, it acts as an active sensor.

Radar and laser al time rare active sensors. Radar is composed of a transmitter and a receiver.

The transmitter em i t s a wave, which strikes objects and is then reflected or echoed back to

the receiver.

The properties of an active sensor are:

1) It uses both transmitter and receiver units to produce imagery, hence it requires high

energy levels.

2) It mostly works in microwave regions of EMR spectrum, which can penetrate clouds

and is not affected by rain.

3) It is an all-weather, day-night system and independent of solar radiation.

4)The RADAR signal does not detect colour information or temperature information, but

it can detect the roughness, slope and electrical conductivity of the objects under study.



PASSIVE SENSORS

Passive sensors do not have their own source of energy. The earth surface is illuminated by

sun/solar energy. The reflected solar energy from the earth surface or the emitted

electromagnetic energy by the earth surface itself is received by the sensor Photographic

camera is a passive sensor when it is used in sunlight, without using its flash.

The properties of a passive sensor are:

1) It is relatively simple both mechanically and electrically and it does not have high power

requirement.

2) The wavebands, where natural remittance or reflected levels are low, high detector

sensitivities and wide radiation collection apertures are necessary to obtain a reasonable

signal level. Therefore, most passive sensors are relatively wide band systems.

3) It depends upon good weather conditions.

Figure active and passive sensor

On the Basis of Function of Sensors:

On the basis of function of sensors, they are divided into two main types - Framing

System and Scanning System.

Framing system: In framing system, two dimensional images are formed at one single

instant. Here, a lens is used to gather the light which is passed through various filters

and then focused on a flat photosensitive target. In

ordinary camera, the target is film emulsion, where as in vidicon camera, the target is

electrically charged plate.

Scanning System: In scanning system, a single detector/a number of detectors with

specific field of view, issued which sweeps across a scene in a series of parallel lines

and collect data for continuous cells to produce an image. Multi Spectral Scanner,

Microwave Radiometer, Microwave Radar, Optical Scanners are few examples of

scanning system sensors.



On the Basis of Technical Components of the System:

The sensors can be classified into three categories on the basis of technical components of the

system and the capability of the detection. These are:

1)Multispectral imaging sensor systems

2)Thermal remote sensing systems

3) Microwave radar sensing systems.

The multispectral or multiband imaging systems may  use conventional type cameras or

may  use a combination of both cameras and scanners for various bands of electromagnetic

energy. As for example, Return Beam Vidicon (RBV) sensor of Lands at uses both

photographic and Scanning systems, which is similar to an ordinary TV camera. The thermal

system uses radiometers, photometers, spectrometers, thermometers to detect the

temperature changes where microwave sensing systems use the antenna arrays for collecting

and detecting the energy from the terrain elements.

ELECTROMAGNETIC SPECTRUM

The first requirement for remote sensing is to have an energy source to illuminate the

target (unless thesensed energy is being emitted by the target). This energy is in the form of

electromagnetic radiation. All electromagnetic radiation has fundamental properties and

behaves in predictable ways according to the basics of wave theory.

Electromagnetic radiation consists of an electrical field (E) which varies in magnitude in a

direction perpendicular to the direction in which the radiation is traveling, and a magnetic

field (M) oriented at right angles to the electrical field. Both these fields travel at the

speed of light (c). Two characteristics of electromagnetic radiation are particularly

important to understand remote sensing. These are the wavelength and frequency.

Electromagnetic radiation (EMR) as an electromagnetic wave that travels through space at

the speed of light C which is 3x108 meters per second. Theoretical model of random media

including the anisotropic effects, random distribution discrete scatters, rough surface effects,

have been studied for remote sensing with electromagnetic waves.
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Figure  Wavelength and frequency

The wavelength is the length of one wave cycle, which can be measured as

the distance between successive wave crests. Wavelength is usually represented by the

Greek letter lambda (λ). Wavelength is measured in metres (m) or some factor of metres

such as nanometres (nm, 10-9 metres), micrometres (μm, 10-6 metres) (μm, 10-6 metres)

or centimetres (cm, 10-2 metres). Frequency refers to the number of cycles of a wave

passing a fixed point per unit of time. Frequency is normally measured in hertz (Hz),

equivalent to one cycle per second, and various multiples of hertz.

Wavelength and frequency are related by the following formula:

Therefore, the two are inversely related to each other. The shorter the wavelength,

the higher the frequency. The longer the wavelength, the lower the frequency.

Understanding the characteristics of electromagnetic radiation in terms of their wavelength

and frequency is crucial to understanding the information to be extracted from remote

sensing data. The electromagnetic spectrum ranges from the shorter wavelengths (including

gamma and x-rays) to the longer wavelengths (including microwaves and broadcast radio

waves). There are several regions of the electromagnetic spectrum which are useful

for remote sensing.



Figure  Electromagnetic Spectrum

WAVELENGTH REGIONS IMPORTANT TO REMOTE SENSING:

Ultraviolet or UV

For the most purposes ultraviolet or UV of the spectrum shortest wavelengths are

practical for remote sensing. This wavelength beyond the violet portion of the visible

wavelengths hence it name. Some earth surface materials primarily rocks and materials are

emit visible radiation when illuminated by UV radiation.

Visible Spectrum

The light which our eyes - our "remote sensors" - can detect is part of the

visiblespectrum. It is important to recognize how small the visible portion is relative to the

rest of the spectrum. There is a lot of radiation around us which is "invisible" to our eyes, but

can be detected by other remote sensing instruments and used to our advantage. The visible

wavelengths cover a range from approximately 0.4 to 0.7 μm. The longest visible wavelength

is red and the shortest is violet. Common wavelengths of what we perceive as particular

colours from the visible portion of the spectrum are listed below. It is important to note that

this is the only portion of the spectrum we can associate with the concept of colours.



Violet : 0.4 -0.446 μm

Blue : 0.446 -0.500 μm

Green : 0.500 -0.578 μm

Yellow : 0.578 -0.592 μm

Orange` : 0.592-0.620μm

Red : 0.620 -0.7 μm

Blue, green, and red are the primary colours or wavelengths of the visible spectrum.

They are defined as such because no single primary colour can be created from the other two,

but all other colours can be formed by combining blue, green, and red in various proportions.

Although we see sunlight as a uniform or homogeneous colour, it is actually composed of

various wavelengths of radiation in primarily the ultraviolet, visible and infrared portions of

the spectrum. The visible portion of this radiation can be shown in its component colours

when sunlight is passed through a prism, which bends the light in  differing amounts

according to wavelength.

Infrared (IR)

The next portion of the spectrum of interest is the infrared (IR) region which covers the

wavelength range from approximately 0.7 μm to 100 μm more than 100 times as wide as the

visible portion. The infrared can be divided into 3 categories based on their radiation

properties-the reflected near- IR middle IR and  thermal IR.

The reflected near IR covers wavelengths from approximately 0.7 μm to 1.3 μm is

commonly used to expose black and white and color-infrared sensitive film.

The middle-infrared region includes energy with a wavelength of 1.3 to 3.0 μm.

The thermal IR region is quite different than the visible and reflected IR portions, as

this energy is essentially the radiation that is emitted from the Earth's surface in the form of

heat. The thermal IR covers wavelengths from approximately 3.0 μm to 100 μm.

Microwave

This wavelength (or frequency) interval in the electromagnetic spectrum is commonly

referred to as a band, channel or region. The portion of the spectrum of more recent

interest to remote sensing is the microwave region from about 1 mm to 1 m. This covers

the longest wavelengths used for remote sensing. The   shorter wavelengths have properties

similar to the thermal infrared region while the    longer wavelengths approach the

wavelengths used for radio broadcasts.





WAVE THEORY AND PARTICLE THEORY

Light can exhibit both a wave theory, and a particle theory at the same time. Much of the time,

light behaves like a wave. Light waves are also called electromagnetic waves because they are

made up of both electric (E) and magnetic (H) fields. Electromagnetic fields oscillate

perpendicular to the direction of wave travel, and perpendicular to each other. Light waves are

known as transverse waves as they oscillate in the direction traverse to the direction of wave

travel.

Electromagnetic propagation

Waves have two important characteristics - wavelength and frequency. The sine wave is the

fundamental waveform in nature. When dealing with light waves, we refer to the sine wave.

The period (T) of the waveform is one full 0 to 360 degree sweep. The relationship of

frequency and the period is given by the equation: f = 1 / T T = 1 / f The waveforms are always

in the time domain and go on for infinity. The speed of a wave can be found by multiplying the

two units together. The wave's speed is measured in units of length (distance) per second:

Wavelength x Frequency = Speed As proposed by Einstein, light is composed of photons, a

very small packets of energy. The reason that photons are able to travel at light speeds is due to

the fact that they have no mass and therefore, Einstein's infamous equation - E=MC2 cannot be

used. Another formula devised by Planck, is used to describe the relation between photon

energy and frequency - Planck's Constant (h) - 6.63x10-34 Joule-Second. E = hf(or)E = hc /ɣ E

is the photonic energy in Joules, h is Planks constant and f is the frequency in Hz.

PARTICLE THEORY

The basic idea of quantum theory is that radiant energy is transmitted in indivisible packets

whose energy is given in integral parts, of size hv, where h is Planck's constant = 6.6252 x 10-

34 J - s, and v photons. The dilemma of the simultaneous wave and particle waves of

electromagnetic energy may be conceptually resolved by considering that energy is not

supplied continuously throughout a wave, but rather that it is carried by photons.



The classical wave theory does not give the intensity of energy at a point in space, but gives

the probability of finding a photon at that point. Thus the classical concept of a wave

yields to the idea that a wave simply describes the probability path for the motion of the

individual photons.

The particular importance of the quantum approach for remote sensing is that it provides the

concept of discrete energy levels in materials. The values and arrangement of these levels are

different for different materials. Information about a given material is thus available in

electromagnetic radiation as a consequence of transitions between these energy levels. A

transition to a higher energy level is caused by the absorption of energy, or from a higher to a

lower energy level is caused by the' emission of energy. The amounts of energy either

absorbed or emitted correspond precisely to the energy difference between the two levels

involved in the transition. Because the energy levels are different for each material, the

amount of energy a particular substance can absorb or emit is different for that material from

any other materials. Consequently, the position and intensities of the bands in the spectrum of

a given material are characteristic to that material.

STEFAN–BOLTZMANN LAW

Stefan–Boltzmann law, also known as Stefan's law, describes the power radiated from a black

body in terms of its temperature. Specifically, the Stefan–Boltzmann law states that the total

energy radiated per unit surface area of a black body across all wavelengths per unit time (also

known as the black-body radiant existence or emissive power), is directly proportional to the

fourth power of the black body's thermodynamic temperature T:

WIEN'S DISPLACEMENT LAW

Wien's displacement law states that the black body radiation curve for different temperatures

peaks at a wavelength inversely proportional to the temperature. The shift of that peak is a

direct consequence of the Planck radiation law which describes the spectral brightness of black

body radiation as a function of wavelength at any given temperature. However it had been

discovered by Wilhelm Wien several years before Max Planck developed that more general

equation, and describes the entire shift of the spectrum of black body radiation toward shorter

wavelengths as temperature increases. Formally, Wien's displacement law states that the

spectral radiance of black body radiation per unit wavelength, peaks at the wavelength λmax

given by:



λmax= b/T

where T is the absolute temperature in degrees kelvin. b is a constant of proportionality called

Wien's displacement constant, equal to 2.8977721(26)×10−3 m K. [1], or more conveniently to

obtain wavelength in microns, b≈2900 μm K. If one is considering the peak of black body

emission per unit frequency or per proportional bandwidth, one must use a different

proportionality constant. However the form of the law remains the same: the peak wavelength

is inversely proportional to temperature (or the peak frequency is directly proportional to

temperature). Wien's displacement law may be referred to as "Wien's law", a term which is also

used for the Wien approximation.

APPLICATIONS

Figure example of passive and active remote sensing

Figure example of Remote sensing platforms of satellite, manned aviation and low-altitude

UAV



POST TEST-MCQ TYPE

[1] Which of the following field is used by the EM waves?

a) Solar field

b) Polarized field

c) Electric field

d) Micro field

[2] Which of the following is not a principle of remote sensing?

a) Interaction of energy with satellite

b) Electromagnetic energy

c) Electro-magnetic spectrum

d) Interaction of energy with atmosphere

[3] Which among the following waves is having less wavelength range?

a) 0.03mm

b) 0.03nm

c) 0.03m

d) 0.03km

[4] In visible region, the blue light is having a wave length range of __________

a) 0.42-0.52 micrometer

b) 0.24-0.52 micrometer

c) 0.42-0.92 micrometer

d) 0.22-0.32 micrometer

[5] Among the following, which describes Stefan- Boltzmann formula?

a) M = σ/T4

b) M = σ-T4

c) M = σ+T4

d) M = σ*T4

[6] Which of the following can act as an example for air-borne platform?

a) LISS-III

b) Dakota

c) MOS

d) LISS-II



[7] Which of the following has the maximum value in an electric or magnetic field?

a) Wave length

b) Focal length

c) Frequency

d) Amplitude

[8] If the intensity of wave length decreases, the energy released will ___________

a) Increase

b) Decrease

c) Remain same

d) Zero

[9] The wave length sensed in remote sensing are __________

a) Nano meters and giga meters range

b) Nano meters and deci meters range

c) Nano meters and micro meters range

d) Nano meters and meters range

[10] In an EM field, which filed is placed horizontal?

a) Gamma rays

b) Sonar field

c) Electric field

d) Magnetic field

[11] Which among the following wave is not employed in case of remote sensing?

a) X-ray

b) Visible ray

c) Thermal IR

d) Radio waves

[12] Which of the following waves can be used in case of remote sensing?

a) UV rays

b) X-rays

c) Gamma rays

d) Visible rays



[13] EM waves varies from ______ to ________

a) Meters to nano-meters

b) Meters to micro-meters

c) Nano to micro-meters

d) Centimeters to nano-meters

[14] Strength of signal doesn’t depend upon which of the following factors?

a) Energy flux

b) Dwell time

c) Altitude

d) Reflection

[15] Energy flux may affect which of the following?

a) Lens

b) Strength of the signal

c) Aperture

d) Declination

[16] Which among the following indicates the correct expansion of Wi-FS?

a) Wide Field Sensor

b) Wireless Fidelity Sensor

c) Wide Fidelity Sensor

d) Wireless Field Sensor

[17] IRS 1A and 1B satellites can carry which of the following sensors?

a) LISS-IV

b) LISS-III

c) LISS-I

d) LISS-V

[18] Blue, green, and red are the _________ of the visible spectrum.

a) primary colours

b) primary frequent

c) secondary colours

d) secondary frequent



CONCLUSION

In this unit, the student would have understood the concept of remote sensing and got an

exposure towards basic concepts of Passive Remote Sensing. The Electro Magnetic Radiation

and its types were discussed. The Planck’s law  and Stefan-Boltzman law were explained. The

wavelength regions important to remote sensing were seen. The examples of passive and active

remote sensing were discussed.
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ASSIGNMENT

1. Describe the History of Remote Sensing.

2. Explain the significance of EMR in remote sensing?

3. Identify the different types of Electromagnetic radiation?

4. With an example differentiate active passive remote sensing system and passive remote

sensing system.

5. On the basis of function of sensors, identify the different types sensors being used.
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AIM & OBJECTIVES

 To provide students an exposure to Remote sensing.

 To understand the basic concepts of Atmospheric characteristics.

 To learn about the significance of Atmospheric windows used in remote sensing.

 To acquire knowledge about EMR interaction with different materials.

PRE TEST-MCQ TYPE

[1] Diameter of sun can be given as ____________

a) 1.39 * 107 km

b) 1.9 * 106 km

c) 1.39 * 106 km

d) 1.39 * 1016 km

[2] Which of the following can be changed while interaction of EM wave with a surface?

a) Intensity

b) Diffraction

c) Wave length

d) Direction

[3] Which of the following indicates a volume phenomenon?

a) Refraction

b) Reflection

c) Transmission

d) Diffraction

UNIT II REMOTE SENSING - CONTENTS

Atmospheric characteristics – Scattering of EMR – Raleigh, Mie, Non-selective and Raman
Scattering – EMR Interaction with Water vapour and ozone – Atmospheric Windows
Significance of Atmospheric windows – EMR interaction with Earth Surface Materials –
Radiance, Irradiance, Incident, Reflected, Absorbed and Transmitted Energy – Reflectance –
Specular and Diffuse Reflection Surfaces- Spectral Signature – Spectral Signature curves –
EMR interaction with water, soil and Earth Surface.



THEORY

ENERGY INTERACTIONS WITH THE ATMOSPHERE

Before radiation used for remote  sensing reaches the earth's surface it has to travel

through some distance  of the Earth's atmosphere. Particles and gases in the atmosphere can

affect the incoming light and radiation. These effects are caused by the mechanisms of

scattering and absorption.

Figure Energy Interaction with Atmosphere

SCATTERING

Scattering occurs when particles or large gas molecules present in the

atmosphere   interact with and cause   the electromagnetic radiation to be redirected from its

original path. How much scattering takes place depends on several factors including   the

wavelength of the radiation, the abundance of particles  or gases, and the distance the

radiation  travels  through the atmosphere.  There are three (3) types of scattering which take

place.

RAYLEIGH SCATTERING

Rayleigh scattering occurs when particles are very   small compared to the

wavelength of the radiation.  These could be articles such as small specks of dust or nitrogen

and oxygen molecules. Rayleigh scattering causes shorter wavelengths of energy to be

scattered much   more than   longer wavelengths.   Rayleigh scattering is the dominant

scattering mechanism in the upper atmosphere. The fact that the sky appears "blue" during the

day is because of this phenomenon. As sunlight passes through the atmosphere, the shorter

wavelengths (i.e. blue) of the visible spectrum are scattered more than the other visible

wavelengths.



Figure Rayleigh Scattering

At sunrise and sunset the light has to travel farther through the atmosphere than at midday and

the scattering of the shorter wavelengths is more complete; this leaves a greater proportion of

the longer wavelengths to penetrate the atmosphere.

ABSORPTION

Absorption is the other main mechanism at work when electromagnetic radiation interacts with

the atmosphere. In contrast to scattering, this phenomenon causes molecules in the

atmosphere to absorb energy at various wavelengths. Ozone, carbon dioxide, and water vapor

are the three main atmospheric constituents which absorb radiation. Ozone serves to absorb

the harmful (to most living things) ultraviolet radiation for the sun. Without this protective

layer in the atmosphere our skin would burn when exposed to sunlight. Carbon dioxide referred

to as a greenhouse gas.

This is because it tends to absorb radiation strongly in the far infrared portion of the spectrum

that area associated with thermal heating which serves to trap this heat inside the atmosphere.

Water vapour in the atmosphere absorbs much of the incoming long wave infrared and

shortwave microwave radiation (between 22μm and 1m). The presence of water vapour in the

lower atmosphere varies greatly from location to location and at different times of the year. For

example, the air mass above a desert would have very little water vapour to absorb energy,

while the tropics would have high concentrations of water vapour (i.e. high humidity).



MIE SCATTERING

Mie  scattering occurs when the particles are just about the  same size as the wavelength

of the radiation. Dust, pollen, smoke and water vapour are common causes of Mie

scattering which tends to affect longer wavelengths than those affected by Rayleigh scattering.

Mie scattering occurs mostly in the lower portions of the atmosphere where larger particles are

more abundant and  dominates when cloud conditions are overcast.

The final scattering mechanism of importance is called nonselective scattering. This occurs

when the particles are much larger than the wavelength of the radiation. Water droplets and

large dust particles can cause this type of scattering. Nonselective scattering gets its name from

the fact that all wavelengths are scattered about equally. This type of scattering causes fog and

clouds to appear white to our eyes because blue, green, and red light are all scattered in

approximately equal quantities (blue + green + red light = white light).

ATMOSPHERIC WINDOWS

While EMR is transmitted from the sun to the surface of the earth, it passes through the

atmosphere. Here, electromagnetic radiation is scattered and absorbed by gases and dust

particles. Besides the major atmospheric gaseous components like molecular nitrogen and

oxygen, other constituents like water vapour, methane, hydrogen, helium and nitrogen

compounds play important role in modifying electromagnetic radiation. This affects image

quality. Regions of the electromagnetic spectrum in which the atmosphere is transparent are

called atmospheric windows. In other words, certain spectral regions of the electromagnetic

radiation pass through the atmosphere without much attenuation are called atmospheric

windows. The atmosphere is practically   transparent in the visible region of the

electromagnetic spectrum and therefore, many of the satellite based remote sensing sensors are

designed to collect data in this region. Some of the commonly used atmospheric windows are

shown in the figure.

They are: 0.38-0.72 microns (visible), 0.72-3.00 microns (near infra-red and middle infra-red),

and 8.00-14.00 microns (thermal infra-red). Transmission 100% UV Visible Infrared Energy

Blocked 0.3 Wavelength (microns) 1101001 mm.



Figure Atmospheric windows

SPECTRAL SIGNATURE CONCEPTS-TYPICAL SPECTRAL REFLECTANCE

CHARACTERISTICS OF WATER, VEGETATION AND SOIL

A basic assumption made in remote sensing is that a specific target has an individual and

characteristic manner of interacting with incident radiation. The manner of interaction is

described by the spectral response of the target. The spectral reflectance curves describe the

spectral response of a target in a particular wavelength region of electromagnetic spectrum,

which, in turn depends upon certain factors, namely, orientation of the sun (solar azimuth),

the height of the Sun in the sky (solar elevation angle), the direction in which the sensor is

pointing relative to nadir (the look angle) and nature of the target, that is, state of health of

vegetation.

Every object on the surface of the earth has its unique spectral reflectance. The figure shows

the average spectral reflectance curves for three typical earth's features: vegetation, soil and

water. The spectral reflectance curves for vigorous vegetation manifests the "Peak and valley"

configuration. The valleys in the visible portion of the spectrum are indicative of pigments in

plant leaves. Dips in reflectance that can be seen at wavelengths of 0.65µ m, 1.4 µ m and 1.9

µ m are attributable to absorption of water by leaves. The soil curve shows a more regular

variation of reflectance. Factors that evidently affect soil reflectance are moisture content,

soil texture, surface roughness, and presence of organic matter. The term spectral signature

can also be used for spectral reflectance curves. Spectral signature is a set of characteristics by

which a material or an object may be identified on any satellite image or photograph within

the given range of wavelengths.



Figure Spectral reflectance Curve

Sometimes spectral signatures are used to denote the spectral response of a target. The

characteristic spectral reflectance curve. The figure for water shows that from about 0.5µ m, a

reduction in reflectance with increasing wavelength, so that in the near infrared range, the

reflectance of deep, clear water is virtually a zero. However, the spectral reflectance of water is

significantly affected by the presence of dissolved and suspended organic and inorganic

material and by the depth of the water body. The figure shows the spectral reflectance curves

for visible and near-infrared wavelengths at the surface and at 20 m depth. Suspended solids in

water scatter the down welling radiation, the degree of scatter being proportional to the

concentration and the color of the sediment.

Experimental studies in the field and in the laboratory as well as experience with multispectral

remote sensing have shown that the specific targets are characterized by an individual spectral

response. Indeed the successful development of remote sensing of environment over the past

decade bears witness to its validity. In the remaining part of this section, typical and

representative spectral reflectance curves for characteristic types of the surface materials are

considered.



Imagine a beach on a beautiful tropical island. of electromagnetic radiation with the top layer

of sand grains on the beach. When an incident ray of electromagnetic radiation strikes an

air/grain interface, part of the ray is reflected and part of it is transmitted into the sand

grain. The solid lines in the figure represent the incident rays, and dashed lines 1, 2, and 3

represent rays reflected from the surface but have never penetrated a sand grain.

For a given reflecting surface, all specular rays reflected in the same direction, such that the

angle of reflection (the angle between the reflected rays and the normal, or perpendicular to the

reflecting surface) equals the angle of incidence (the angle between the incident rays and the

surface normal).  The measure of how much electromagnetic radiation is reflected off a

surface is called its reflectance, which is a number between 0 and 1.0. A measure of 1.0

means the 100% of the incident radiation is reflected off the surface and a measure of 0

means that 0% is reflected.

ATMOSPHERIC INTERACTIONS WITH ELECTROMAGNETIC RADIATION

All electromagnetic radiation detected by a remote sensor has to pass through the atmosphere

twice, before and after its interaction with earth's atmosphere. This passage will alter the speed,

frequency, intensity, spectral distribution, and direction of the radiation. As a result atmospheric

scattering and absorption occurs . These effects are most severe in visible and infrared

wavelengths, the range very crucial in remote sensing. During the transmission of energy

through the atmosphere, light interacts with gases and particulate matter in a process called

atmospheric scattering. The two major processes in scattering are selective scattering and non-

selective scattering. Rayleigh, Mie and Raman scattering are of selective type. Non selective

scattering is independent of wavelength. It is produced by particles whose radii exceed 10

micrometer, such as, water droplets and ice fragments present the clouds.

This type of scattering reduces the contrast of the image. While passing through the atmosphere,

electromagnetic radiation is scattered and absorbed by gasses and particulates. Besides the major

gaseous components like molecular nitrogen and oxygen, other constituents like water vapour,

methane, hydrogen, helium and nitrogen compounds play an important role in modifying the

incident radiation and reflected radiation. This causes a reduction in the image contrast and

introduces radiometric errors.



Regions of the electromagnetic spectrum in which the atmosphere is transparent are called

atmospheric windows. The atmosphere is practically transparent in the visible region of the

electromagnetic spectrum and therefore many of the satellite based remote sensing sensors are

designed to collect data in this region. Some of the commonly used atmospheric windows are

0.38 - 0.72 micrometer (visible), 0.72 -3.00 micrometer (near infrared and middle infrared) and

8.00 -14.00 micrometer (thermal infrared).

The figure shows relative scatter as a function of wavelength from 0.3 to 1 micrometer of the

spectrum for various levels of atmospheric haze. The characteristics of all the four types of

scattering in the order of their importance in remote sensing are given in the table



ATMOSPHERIC PROPERTIES

The main part of the radiance measured from high flying aircraft or satellite stems from multiple

scattering in the atmosphere. Therefore, the remaining signal can be interpreted in terms of

suspensions only after a careful correction for the atmospheric contribution. For this reason the

varying optical parameters of atmosphere must enter the radiative transfer calculations.

Before we study the effects of solar radiation and atmospheric properties, we shall consider the

mass quantities which determine the spectral upward radiance. The source of the shortwave

radiation field in atmosphere is the Sun emitting in a broad spectral range.

The extraterrestrial irradiance at the top of the atmosphere, the solar constant, depends on the

black body emission of the Sun's photosphere and on the scattering and absorption process in the

Sun's chromosphere. Important Fraunhofer lines caused by the strong absorption in the Sun's

chromosphere show some prominent drops in the spectral distribution of the solar radiation. The

figure shows the solar irradiance at the top of the earth's atmosphere to be between 0.4 and 0.8

micrometer as determined by Necked and Labs.

Figure Solar irradiance  at  the  top  of the  atmosphere  illuminating the  Earth  between
0.4 micrometer - 0.8 micrometer



EMR INTERACTION WITH OZONE

Ozone is a trace gas in the atmosphere mainly confined to stratospheric heights between 20 and

40 km with a maximum concentration near 25 km. At these levels, ozone dominates the short

wave radiation budget, while at other heights its influence is nearly negligible. The Chappuis

band of ozone in the visible spectrum is the only ozone band used to detect the oceanic

constituents from space.  The transmission of the chlorophyll fluorescence to the top of the

atmosphere  is hindered through the absorption by water vapour and molecular oxygen in their

vibration action bands. In order to study the selective gaseous absorption in the radiative transfer

calculations the transmission functions of o2 and H2o are computed from absorption line

parameters by explored through areas of Lorentz's theory of collision broadening. The

contribution from resonance broadening is negligible in the spectral region considered. Also the

Doppler line broadening, which is small when compared with Lorentz line widths, is neglected

since the area absorption takes place in the atmosphere below 40 km.

The transmission functions are averaged/over 1 nm wavelength intervals. The reduction in the

solar flux due to absorption and scattering by a clear mid-latitude summer atmosphere. Response

studies for the temperature and pressure dependence of the transmission function have been

performed and show only a weak influence for the temperature effect. The pressure impact is not

negligible and has to be accounted for. Air molecules are small compared to the wavelength of

the incoming sunlight. Hence, the extinction through molecular scattering can be determined

with Rayleigh theory. The necessary property for the determination of the scattering coefficient

of the vertical profile of the atmospheric pressure has been estimated

Since molecular scattering within the atmosphere depends mainly on pressure, the scattering

coefficient can be estimated by climatological measurement. Atmospheric spectral turbidity

variations are caused by variations in aerosol concentration, composition and size distribution.

The vertical distribution of the aerosols is taken and the phase functions of aerosols are nearly

wavelength independent within the visible and near infrared. For the radiative transfer

calculations the scattering functions are estimated by Mie theory. The range of atmospheric

turbidity values used to study the effects of aerosol scattering on the measured spectral radiances

correspond to horizontal visibilities at the surface between 6 and 88 km.



Atmospheric effects on Spectral Response Patterns

The energy recorded by a sensor is always modified by the atmosphere between the sensor and

the ground. As shown in Figure, the atmosphere influences the radiance recorded by a sensor in

two ways, namely, (a) it attenuates or reduces the energy illuminating a ground object and (b) the

atmosphere acts as a reflector itself adding the path radiance to the signal detected by the sensor.

These two atmospheric effects are expressed mathematically as follows

Atmospheric effects influencing the Spectral Radiance

The irradiance (E) is caused by directly reflected 'sunlight' and diffused 'skylight', which is the

sunlight scattered by the atmosphere. The amount of irradiance depends on seasonal changes,

solar elevation angle, and distance between the earth and sun.

EMR INTERACTION WITH EARTH SURFACE MATERIALS

When electromagnetic energy is incident on any feature of earth's surface such as a water body,

various fractions of energy get reflected, absorbed, and transmitted as shown in Figure.

Figure Basic interactions between Electromagnetic Energy and a water body



Applying the principle of conservation of energy, the relationship can be expressed as:

All energy components are functions of wavelength, (I). In remote sensing, the amount of

reflected energy ER(A.) is more important than the absorbed and transmitted energies.

Therefore, it is more convenient to rearrange these terms like transmittance and can be denoted

as p(A.), cx.(A.) and y(A.). Simply, it can be understood that, the measure of how much

electromagnetic radiation is reflected off a surface is called its reflectance.



The reflectance range lies between 0 and 1. A measure of 1.0 means that 100% of the incident

radiation is reflected off the surface, and a measure '0' means that 0% is reflected. The

reflectance characteristics are quantified by spectral reflectance p(A.) which is expressed as

above.

The fundamental equation by which the conceptual design of remote sensing technology is built.

If S (A.) is a zero, then p(A.), that is, the reflectance is one, which means, the total energy

incident on the object is reflected and recorded by sensing systems. The classical example of this

type of object is snow (white object). If S (A.) is one, then (A.) is a zero indicating that whatever

the energy incident on the object, is completely absorbed by that object. Black body such as lamp

smoke is an example of this type of object.

Therefore it can be seen that the reflectance varies from 0 (black body) to 1 (white body). When

we divide the incident energy on both sides of the balance equation, we get the proportions of

energy reflected, absorbed and transmitted which vary for different features of the earth

depending on the material type. These differences provide a clue to differentiate between

features of an image.

Secondly, from the wavelength dependency of the energy components, it is evident that even

within a given feature type, the proportion of reflected, absorbed, and transmitted energy’s may

vary at different wavelengths. Thus two features which are indistinguishable in one spectral

range, may exhibit a marked contrast in another wavelength band. Because many remote sensing

systems operate in the wavelength regions in which reflected energy predominates, the

reflectance properties of terrestrial features are very important.

Radiant energy, which like all other energies expressed in Joules, is the energy associated with

electromagnetic radiation. The rate of transfer of radiant energy is called the flux and has watts

as the units of power. Density implies distribution over the surface on which the radiant energy

falls. If radiant energy falls upon a surface then the term irradiance (E) is used in place of radiant

flux density. If the flow of energy is away from the surface, as in the case of thermal energy

emitted by the earth or incoming solar energy which is reflected by the earth, then the term

radiant existence or radiant emittance as measured in units of Wm- is used.

Radiance (L) is defined as the radiant flux density transmitted from a small area on the earth's

surface and viewed through a unit solid angle. It is measured in watts per square meter per

steradian (Wm- 2 S.1). The concepts of the radian and steradian are illustrated in Figure.



The other important terms we come across remote sensing technology is 'reflectance' denoted

bye. It is defined as the ratio between the irradiance and the radiant emittance of an object. When

remotely sensed images collected over a time period are to be compared, it is most appropriate to

convert the radiance values recorded by the sensor into reflectance in order to eliminate the

effects of variable irradiance over the seasons of the year.

The reflectance characteristic of earth's surface features may be quantified by measuring the

portion of incident energy that is reflected. It is a dimensionless quantity. The quantities

described above are very often used to refer to particular narrow wavebands rather than to the

whole spectrum. The terms are then preceded by the word 'spectral', as in 'spectral radiance for a

given waveband is the radiant flux density in the waveband per unit solid angle per unit

wavelength.

The sun's light is the form of electromagnetic radiation most familiar to human beings. The light

as reflected by physical objects travels in a straight line to the observer's eye. On reaching the

retina, it generates electrical signals which are transmitted to the brain by the optic nerve. These

signals are used by the brain to construct an image of the viewer's surroundings. This is the

process of vision and it is closely analogous to the process of remote sensing; indeed, vision

itself is a form of remote sensing. The set of an electromagnetic waves is called the

electromagnetic spectrum, which includes the range from the long radio waves, through the

microwave and infrared wavelengths to visible light waves and beyond them to the ultraviolet

and to the short wave X-and gamma rays.

Figure (a) The angle formed when arc length s equals r, the radius of the circle, is equal

to 1 radian. Thus, angle a = sIr radians. There are 21t radians (360 degrees) in a circle.

(b) A steradian is the solid (three-dimensional) angle formed when the area delimited on

the surface of the sphere is equal to the square of the radius of the sphere.



SPECTRAL REFLECTANCE CURVES

A basic assumption made in remote sensing is that a specific target has an individual and

characteristic manner of interacting with incident radiation. The manner of interaction is

described by the spectral response of the target.

The spectral reflectance curves describe the spectral response of a target in a particular

wavelength region of electromagnetic spectrum, which, in turn depends upon certain factors,

namely, orientation of the sun (solar azimuth), the height of the Sun in the sky (solar elevation

angle), the direction in which the sensor is pointing relative to nadir (the look angle)  and nature

of the target, that is, state of health of vegetation.

Figure Solar Elevation and azimuth angles. Elevation is measured upwards from the

Horizontal plane. Azimuth is measured clockwise from north. The zenith angle is measured

from the surface angle, and equals 90 minus elevation angle, in degrees.

Every object on the surface of the earth has its unique spectral reflectance. The figure shows the

average spectral reflectance curves for three typical earth's features: vegetation, soil and water.

The spectral reflectance curves for vigorous vegetation manifests the "Peak-and-valley"

configuration. The valleys in the visible portion of the spectrum are indicative of pigments in

plant leaves. Dips in reflectance that can be seen at wavelengths of 0.65 nm, 1.4 nm and 1.9 nm,

are attributable to absorption of water by leaves. The soil curve shows a more regular variation

of reflectance. Factors that evidently affect soil reflectance are moisture content, soil texture,

surface roughness, and presence of organic matter.

The term spectral signature can also be used for spectral reflectance curves. Spectral signature is

a set of characteristics by which a material or an object may be identified on any satellite image

or photograph within the given range of wavelengths. Sometimes & spectral signatures are used

to denote the spectral response of a target.



Figure Spectral Reflectance Curves or Spectral Signatures of Typical Features of

earth's Surface.

The characteristic spectral reflectance curve is show in figure for water shows that from about

0.5nm, a reduction in reflectance with increasing wavelength, so that in the near infrared range,

the reflectance of deep, clear water is virtually a zero. However, the spectral reflectance of water

is significantly affected by the presence of dissolved and suspended organic and inorganic

material and by the depth of the water body. Figure shows the spectral reflectance curves for

visible and near-infrared wavelengths at the surface and at 20 m depth.

Figure Spectral reflectance curves for water at different depths



The suspended solids in water scatter the down welling radiation, the degree of scatter being

proportional to the concentration and the colour of the sediment. Experimental studies in the

field and in the laboratory as well as experience with multispectral remote sensing have shown

that the specific targets are characterized by an individual spectral response. Indeed the

successful development of remote sensing of environment over the past decade bears witness to

its validity.

In the remaining part of this section, typical and representative spectral reflectance curves for

characteristic types of the surface materials are considered. Imagine a beach on a beautiful

tropical island. This figure shows interactions of electromagnetic radiation with the top layer of

sand grains on the beach. When an incident ray of electromagnetic radiation strikes an air/grain

interface, part of the ray is reflected and part of it is transmitted into the sand grain. The solid

lines in the figure represent the incident rays, and dashed lines 1, 2, and 3 represent rays reflected

from the surface but have never penetrated a sand grain. The latter are called specular rays by

Vincent and Hunt (1968), and surface-scattered rays by Salisbury and Wald (1992); these rays

result from first-surface reflection from all grains encountered. For a given reflecting surface, all

specular rays reflected in the same direction, such that the angle of reflection (the angle between

the reflected rays and the normal, or perpendicular to the reflecting surface) equals the angle of

incidence (the angle between the incident rays and the surface normal).

Figure interaction between electromagnetic radiation and the top layer of particles

comprising a mat surface. Solid lines (I) represent incident rays, lines 4 and 5



The measure of how much electromagnetic radiation is reflected off a surface is called its

reflectance, which is a number between 0 and 1.0. A measure of 1.0 means the 100% of the

incident radiation is reflected off the surface and a measure of 0 means that 0% is reflected. In

the case of first-surface reflection, this measure is called the specular reflectance, which will be

designated here as rs (A). The A in parentheses indicates that specular reflectance is a function of

a wavelength.

The reason that rS(A) is a function of a wavelength is that the complex index of refraction of the

reflecting surface material is dependent on a wavelength. The term complex means that there is a

real and imaginary part to the index of refraction.

Every material has a complex index of refraction, though for some materials at some

wavelengths, only the real part of the complex index of refraction may be nonzero. For a sand

grain with complex index of refraction N(A) = n(A)[1 - ik(A)], the specular reflectance is

expressed by Fresnel's equation as follows:

The final reflectance of a specular ray bouncing off multiple grains of sand is simply the

multiplicative product of specular reflectance from the entire encountered air/grain interface. For

instance, if the specular reflectance of three grains for a particular wavelength of electromagnetic

radiation were 0.9, 0.8 and 0.7, respectively, the final reflectance of a specular ray bouncing off

all three grains would be (0.9)(0.8)(0.7) = 0.504. The specular reflectance of the beach surface,

RS(A), is the average of all the individual specular ray reflectance. Rays of electromagnetic

radiation that have been transmitted through some portion of one or more grains are called

volume rays. These are shown as dashed lines 4 and 5 in Figure. The equation for the volume

reflectance, r5(A), of a sand grain is complicated because it depends on both the transmittance

of the grain and the interface reflectance of the top of that grain and the underlying grain (s).



The average rS(A) for all the grains in the beach from which electromagnetic radiation is

reflected is defined as the volume reflectance of the beach, RS(A). The total reflectance of the

beach, RT(A), is the averaged sum of the specular and volume reflectance, as follows

The dependence of RSA and RV(A) are markedly different, as demonstrated in Figure for the

case of a uniform grain size and varying wavelength. Three important observations can be

summarized from the above discussion on the beautiful beach island.

(i) The spectral locations of absorption bands depend on chemical composition of the material;

for example, quartz and calcite absorption bands in the thermal infrared wavelength region have

different spectral locations because Si and o ions in quartz are connected by a "spring" with a

different bond strength than that of the" spring" connecting Ca and 0 ions in calcite.

(ii) The brightness, or magnitude, of the spectral reflectance depends primarily on the size of the

reflecting grains.

(iii) Absorption bands appear as reflectance minima in transparent materials (such as quartz and

calcite in the visible wavelength region), whereas absorption bands appear as reflectance maxima

in opaque materials.

Figure Absorption coefficient, specular reflectance, volume reflectance, and total

reflectance vs wavelength for a spectral feature.



Note that when we use the terms transparent or opaque to explain optical behavior, we must

designate both a wavelength region and the material because the complex index of refraction of

any material is generally non-constant over a large range of wavelength.

To consider the effect on reflectance of mixing several minerals together, let us take the simpler

case of a particulate medium consisting of several mineral constituents, with air filling the

interstices between particles. It is possible for us to estimate the spectral reflectance of a mixed-

mineral particulate sample by using a linear combination of the reflectance spectra of its mineral

constituents, weighed by the percentage of area on the sample's surface that is covered by each

mineral constituent. The following equation demonstrates this estimation for the total spectral

reflectance of a mixed particulate sample at wavelength A.

Figure Diagrams of the illumination and reflection geometries of   (a) hemispherical

reflectance. (b) directional hemispherical reflectance, and (c) bi-conical reflectance



Thus so far we have talked about volume reflectance and specular reflectance on the basis of

whether electromagnetic rays did or did not penetrate one or more grains in a soil or rock

surface. Now we need to define some reflectance terms that relate to the manner in which the soil

or rock surface is illuminated, as well as, how the reflected energy from its surface is measured.

The most fundamental term for reflectance used in this book is defined as spectral hemispherical

reflectance or diffuse reflectance.

APPLICATIONS

Figure example of atmospheric electromagnetic window

Figure example of EMR interaction with earth surface materials



POST TEST-MCQ TYPE
[1] When emissivity is zero, what will be the value of reflectance?

a) One

b) Zero

c) Ten

d) Not equal to one

[2] Generally, the value of reflectance varies from __________

a) 10-20

b) 0-10

c) 0-1

d) 0-0.5

[3] The reflectance characteristic of earth's surface features may be quantified by measuring

____________

a) the portion of reflected energy that is transmitted.

b) the portion of incident energy that is reflected.

c) the portion of incident energy that is refracted.

d) its speed and velocity.

[4] Which of the following can be changed while interaction of EM wave with a surface?

a) Intensity

b) Diffraction

c) Wave length

d) Direction

[5] Find the transmittance, if the transmitted and incident energies are given as 156J and 987J

respectively.

a) 0.51

b) 0.45

c) 0.15

d) 0.5



[6] The set of _______________ is called the electromagnetic spectrum.

a) Electric waves

b) Magnetic waves

c) Tsunami waves

d) Electromagnetic

[7] The energy recorded by a sensor is always modified by the atmosphere between __________

and ________

a) satellite and ground

b) space and satellite

c) sensor and ground

d) sensor and satellite

[8] Blue light + Green light + Red light =

a) Red light

b) White light

c) Black light

d) Greenish blue light

[9] ____________ serves to absorb the harmful (to most living things) ultraviolet radiation

for the sun.

a) Mesosphere

b) Ozone

c) Lithosphere

d) Ionosphere

[10] __________ occurs     when     particles     or     large     gas molecules   present   in   the

atmosphere   interact   with   and   cause   the   electromagnetic radiation to be redirected from its

original path.

a) Radiance

b) Irradiance

c) Greenhouse gas

d) Scattering



CONCLUSION

In this unit, students would have understood the concept of remote sensing and the basic

concepts of atmospheric characteristics like scattering of EMR and its types were discussed. The

significance of atmospheric windows used in remote sensing was elaborated. The knowledge

about EMR interaction with different materials was explained. Thus the volume reflectance and

specular reflectance on the basis of whether electromagnetic rays did or did not penetrate one or

more grains in a soil or rock surface was discussed.
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ASSIGNMENT

1. Describe about the spectral signature concepts.

2. Identify, what are the characteristic of EMR interaction with soil particles.

3. Describe as how does EMR interact with Ozone?

4. List out the different types of scattering in remote sensing.

5. List out the primary absorbents of electromagnetic energy in the atmosphere.S
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AIM & OBJECTIVES

 To provide students an exposure to Remote sensing.

 To understand the different Earth Resources Satellites.

 To learn about Satellite Sensors.

 To acquire knowledge about Side Looking Airborne Radar and Synthetic Aperture Radar.

PRE TEST-MCQ TYPE

[1] Blue, green, and red are the _________ of the visible spectrum.

a) primary colours

b) primary frequent

c) secondary colours

d) secondary frequent

[2] The altitudinal distance of a geostationary satellite from the earth is about:

(a) 26,000 km

b) 30,000 km

c) 36,000 km

d) 44,000 km

[3] _________ is a device that converts electrons to photons or vice-versa.

a) Antenna

b) Electron gun

c) Photon amplifier

d) Microwave tube
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THEORY

Introduction

Remote sensing of the surface of the earth has a long history, dating from the use of cameras

carried by balloons and pigeons in the eighteenth and nineteenth centuries. The term 'remote

sensing' is used to refer to the aircraft mounted systems developed for military purposes

during the early part of the 20th century. Air borne camera systems are still a very important

source of remotely sensed data. Although photographic imaging systems have many uses, this

unit is concerned with image data collected by satellite sensing systems which ultimately

generate digital image products.

Space borne sensors are currently used to assist in scientific and socioeconomic activities like

weather prediction, crop monitoring, mineral exploration, waste land mapping, cyclone

warning, water resources management, and pollution detection. All this has happened in a

short period of time. The quality of analysis of remote sensing data and the varied types of

applications to which the science of remote sensing is being put to use are increasing

enormously as new and improved spacecraft are being placed into the earth's orbit. The

primary objectives, characteristics and sensor capabilities of the plethora of remote sensing

satellites circling this planet, are discussed

in this unit. An attempt is made to classify the satellites into three types, namely, earth

resources satellites, meteorological satellites, and satellites carrying microwave sensors. This

classification is not rigid. For instance, most of the meteorological satellites are also capable

of sensing the resources of the earth. Before turning to the individual satellite's description

and the corresponding sensors and capabilities, a brief overview of satellite system

parameters is presented in the following paragraphs.

Satellite System Parameters

A brief overview of the most important satellite system parameters which describe the

functions and operations of the remote sensing systems are presented in this section. Broadly,

the system parameters are of two types: instrumental and viewing. The principal instrumental

parameters, namely, wavelength or frequency, polarization, and sensitivity or radiometric

resolution are determined by the design of the transmitter, receiver, antenna, detectors, and

data handling system. The principal viewing parameters are determined by both the

instrument design and the orbital parameters of the satellite. Revisit internal, resolution,

swath width, illumination and/ or observation angle and mission lifetime are the important

viewing parameters of any satellite sensing system.



Instrumental Parameters

All of the remote sensing systems make use of information carried by electromagnetic

radiation, of which there is an infinite range of possible frequencies or Wavelength. In

practice, however, the transparency or otherwise of the earth's atmosphere limits the possible

wavelength ranges to about 0.4-15nm (the visible and infrared regions) and 1 mm to 1 m (the

microwave region, corresponding to a frequency range of 300-0.3 GHz). The visible (VIS)

and infrared (IR) region is conveniently subdivided into the VIS/near-infrared (NIR) region

on one hand, the thermal infrared or TIR region on the other hand. Sensors designed to

detect atmospheric constituents utilize spectral bands between the atmospheric 'windows'

Naturally occurring radiation from the earth's surface is found in all these ranges of

wavelength.

In the VIS/NIR band the sunlight is predominantly reflected, and the most important

parameters of the target material is thus its reflectance. In the TIR band, on the other hand,

the main source of radiation is, as the name suggests, the blackbody thermal mechanism by

which all objects above absolute zero emit radiation. For an object at a typical terrestrial

temperature, most of this radiation is emitted at wavelengths around 10 nm. Detected

radiation essentially contains Information on two parameters, namely the temperature of the

target material and its Effectiveness in emitting radiation in this waveband, called the

emissivity. Emissivity is a unique characteristic of the target material and its state or

condition

Small but significant and measurable amounts of blackbody thermal radiation can also be

detected in the microwave band, and this kind of remote sensing is known as passive

microwave radiometry. Again, the detected signal is governed by both the target temperature,

and its type and condition. The other main use of the microwave region is for active remote

sensing, by which radiation is emitted by the remote sensing instrument and detected after its

reflection from the target material. Active remote sensing in the microwave region is called

radar, and the main observable parameters are the range to the target (from the time delay of

the returned signal) and the reflectivity of the material which in turn is determined by many

of its physical properties.

The reflective and emissive properties of a material are different for different polarizations,

that is, orientations of the electrical field vector in the electromagnetic radiation, where H is

horizontal and V is vertical, so that further information on the physical properties of the target

material may be obtained by observing different polarizations.



In practice, this has so far found any significant application only in passive and active

microwave remote sensing, not in the VIS and IR bands. The sensitivity of a remote sensing

system measures the response produced by the radiation of a given intensity and wavelength.

Other things being equal, it should be as large as possible, but because the output data are

usually digitized, they can only span a finite range of values so that a high sensitivity (low

value of the minimum detectable signal) implies a low value for the maximum signal that can

be detected. This then requires some kind of optimization, and what is optimal for one kind of

target material may not be optimal for another. This may often cause saturation of the

detecting system. The spectral resolution and radiometric resolution which are the measures

of sensitivity of satellite sensing system are discussed in detail in the following sections.

Viewing Parameters

Viewing parameters, namely, revisit interval, swath width, illumination and observation

angle, mission life time, altitude and resolution of remote sensing system are also termed as

orbital characteristics of satellites. Satellites used for remote sensing are generally of two

types, geostationary and near earth, polar orbiting and sun-synchronous, circular and near

polar. Geostationary are stationary with respect to the earth and are at an altitude of about

36000 km above a point on the equator, that is, geostationary satellites maintain a fixed

location with respect to the earth's surface.

Conversely, a satellite in a low polar orbit traces out a curving path over the earth's surface,

as a consequence of the satellite's orbital motion and precision and of the earth's rotation

about its axis. This path (the sub satellite track) wraps itself round the earth from east to west

like a ball of string, oscillating between the equal north and south latitudes in a pattern set by

the inclination of the orbit. The oath may close up on itself if the orbital parameters

(inclination, height and eccentricity) are suitably chosen, in which case the satellite will

revisit a given location at regular intervals. This interval may in general be any integral

number of days, though other constraints on the orbital parameters may limit the choice.

The point where the satellite, travelling northwards, passes directly over the equator is called

the ascending node. The descending node describes the southward crossing. Owing to their

immense distance from the earth, high resolution imaging is difficult. INSAT, GOES and

METEOSAT are some of the satellites under this category. Near the earth, polar orbiting and

sun-synchronous satellites are located at a much lower altitude, generally a few hundred to a

few thousand kilometers. In the case of this type of satellites, the time at which the satellite

revisits a given location is the same on each occasion.



This is very useful for visible and infrared observations, since the level of solar illumination

can be chosen. Biological and environmental studies, for example, require specific timings

for the collection of data.

Figure (a) Illustrating the principles of a Sun-synchronous orbit.

(b) Example of Sun-synchronous orbit.

The Figure illustrates the principles of a sun-synchronous orbit. The angle between the orbital

plane and the earth's equatorial plane is termed the inclination of the orbit. Changes in the

orbit are due largely to precision caused mainly by the slightly non-spherical shape of the

earth. Landsat, IRS and SPOT are some of the satellites which have this kind of orbit. Some

earth observing platforms are not in near polar, sun-synchronous orbits. The space shuttle has

an equatorial orbit.

Thus, the orbit selected for a particular satellite determines not just the time taken to complete

one orbit (temporal resolution) but also the nature of the relationships between the satellite

and solar illumination direction. Therefore illumination and observation angle are very

important parameter on which the precision of satellite data depends. Many satellite systems

observe at the nadir (directly below the satellite viewing angle = 0°), and this is especially

valuable for imaging systems since distortion is reduced if the image and object planes are

parallel. Some systems, however, observe at non-zero viewing angles. This is usually to

exploit the dependence on incidence angle of the emissivity or reflectivity of the surface, for

which a physical model may exist. Observation away from nadir can thus assist in the

discrimination of one target material from another or the measurement of some physical

property of the target material.



The resolution of remote sensing system is influenced by the swath width. The swath width is

defined as the width of the strip, parallel to the satellite's track, from which radiation is

received. The maximum swath width attainable by a sensor is effectively limited by its data

bandwidth, the maximum value for which is about 100 megabits per second for present

transmission systems. High resolution systems are thus limited as to the swath width that they

can cover. Typically, radar and visible scanners achieving a 15 to 20 m resolution are

confined to about a 100 to 200 km swath. In contrast, systems with a 1 km spatial resolution,

such as, the NOAA-Advanced Very High Resolution Radiometer (AVHRR), can scan about

3,000 km across the sub satellite track. MSS of landsat with spatial resolution 80 m are

confined to about 185 km and of LlSS I of IRS confined to about 148 km.

It is clear that if one wishes to obtain spatially complete coverage of a given area which is

wider than the swath width of a sensor, the satellite should be in an orbit such that spatially-

adjacent suborbital tracks are closer together than the swath width.

The spacing between adjacent suborbital tracks decreases towards the earth's poles, so this is

less of a problem for polar remote sensing than for the study of equatorial regions. Inter-

orbital spacing is strongly dependent on the revisit interval, in the sense that small spacing

require long revisit intervals, so that the choice of orbital parameters for a satellite mission

usually represents a compromise between conflicting requirements.

Satellite remote sensing missions are of much greater duration than airborne operations, and

the continuity of data thus provided is one of the substantial advantages offered by satellites.

The factors which limit the operational lifetime of a satellite remote sensing mission are the

robustness of the equipment carried by the satellite, and decay of the orbit through

atmospheric friction. It is not yet routinely possible to 'service' satellites in orbit, so once a

piece of equipment fails the corresponding data are forever more degraded or unavailable.

The space environment is fairly harsh, and lifetime of a few years is typical. For a satellite in

an orbit at a height of 500 km or more, the decay of the orbit itself is negligibly slow, but at a

height of say 200 km, the orbit lifetime can be as short as one month, and this becomes the

dominant factor. Very low altitude orbits are essentially used for high-resolution military

reconnaissance satellites.

Sensor Parameters

Sensors are devices used for making observations. These consist of mechanisms, usually

sophisticated lenses with filter coatings to focus the area observed on a plane in which the

detectors are placed. These detectors are sensitive to a particular region in which the sensor is

designed to operate and produce outputs which are representative of the observed area.



The major characteristics of an imaging remote sensing instrument operating in the visible

and infrared spectral bands are described in terms of its spatial, spectral and radiometric

resolution. These three types of resolutions vary from sensor to sensor. Each sensor has its

own capability of detecting the energy reflected from the earth's surface features. The details

of all these characteristics of various sensing systems are described in the next section and the

concepts of resolution are discussed in this section.

Spatial Resolution

Spatial resolution is a complex concept which can, for the purpose of remote sensing of polar

regions, be defined as the smallest object that can be detected and distinguished from a point.

The most frequently used measure, based upon the geometric properties of an imaging

system, is the instantaneous field of view (IFOV) of a sensor. The IFOV is the area on the

surface that is theoretically viewed by the Instrument from a given altitude at a given time.

The spatial resolution is usually determined by instrumental parameters and by the height of

the satellite above the ground.

With the exception of active microwave systems, the resolution of a system cannot be better

than approximately HIID (the diffraction limit), where H is the height, I is the wavelength

and 0 is the diameter of the objective lens, objective mirror or antenna. This limit is typically

of the order of 10 to 100 m for VIS and IR systems operating from satellites in low orbits,

and typically 1 to 10 km when the satellite is geostationary. For passive microwave

observations, the resolution limit is much coarser (of the order of tens of km) because of the

larger wavelength measured.

It was stated that the best achievable spatial resolution is of the order of HI/D (except for

some types of radar system), although some non-radar systems may not reach this resolution

because of other instrumental effects. Two important examples are sensors in which the

incoming radiation is focused on to an image array of discrete detecting elements, and

photographic systems. The detecting element or film imposes its own maximum resolution,

again proportional to the height H and, if this is poorer than the diffraction-limited resolution,

it will dominate.

The spatial resolution achievable by radar systems is very dependent on the way the data

from the system are processed. Such systems are often pulsed, and one important factor is the

length of the emitted pulse. Synthetic aperture radars (SARs) also integrate the return signal

for a period of time while the radar is carried forward on its platform, and the integration time

also influences the resolution. It is not possible to give a statement of the general principles

determining radar spatial resolution.



Spatial resolution of an imaging system can be measured in a number of different ways. It is

the size of the smallest object that can be discriminated by the sensor. The greater the sensor's

resolution, the greater the data volume and smaller the area covered. In fact, area coverage

and resolution are interdependent and these two factors determine the scale of imagery.

Alternatively, spatial resolution can be said to be the length of the size of the area on the

ground represented by a pixel on an image. The basis for the definition of spatial resolution

can depend on four criteria, namely

(i) Geometrical properties of the imaging system

(ii) the ability to distinguish between point targets

(iii) The ability to measure the periodicity of repetitive target

(iv) the ability to measure the spectral properties of small targets

Spatial resolution of any satellite sensor applies to the image produced by the system,

whereas resolving power of any photograph applies to an imaging system or a component of

the system. As mentioned earlier, the most commonly used measure for spatial resolution of

.any sensor, based on the geometric properties of the imaging system, is the Instantaneous

Field of View (IFOV) of a sensor. IFOV is defined as the area on the ground that is viewed

by an instrument from a given altitude at any given instant of time.

Figure Definition of IFOV

The Figure illustrates the relationship between the swath width and the IFOV. The IFOV can

be measured in one of the two ways (i) by measuring angle "a" and (ii) by measuring the

distance XY on the ground. Even though the IFOV is measured by the angle "a" and the cross

section XV, it depends upon a number of factors. No satellite has a perfectly stable orbit; its

height will vary. If Landsat 1 to 3 has a nominal altitude of 930 km, their actual altitude

varies between 880 km. and 940 km.



Because of this change in altitude the spatial resolution varies from 79 m to 81 m, but it has

been specified as 80 m x 80 m resolution. This measurement of IFOV may not be useful. In

order to explain this, let us consider how the radiance from a point source on the ground does

not produce a single bright point on the image, but produces an image which has the intensity

of a diffused circular region owing to the optical properties. Hence this IFOV can be

determined by taking a Gaussian· distribution of intensity of circular region over a point

source with respect to the amplitude of the energy. This type of distribution function is called

Point Spread Function (PSF).

Figure Distribution curve of Point Spread Function

The spatial resolution of TM in Landsat 4 and 5 is based on PSF and it is measured as 30 in.,

whereas the spatial resolution of MSS is measured as 90 m. rather than 79 in. This type of

measurement can reveal that the presence of relatively bright or dark areas within IFOV of

the sensor will increase or decrease the amplitude of PSF thereby making the observed

radiance either higher or lower than the surrounding areas. That is why the highest contrast

features such as rivers and canals, which are less than 79 in. width on the ground are more

detectable on Landsat imagery as also in the case of IRS imagery. Spatial resolution plays an

important role in resolving various earth's surface features from the interpretation of satellite

imagery.

Plate (2) illustrates the effect of spatial resolution in discriminating various features from the

IRS satellite image. It has three different images at different spatial resolutions covered by

the same terrain. In the satellite image of LlSS which has spatial resolution of 72.5 m x 72.5

m indicates that an area of 72.5 x 72.5 sq.m can be represented by a pixel on the image.

Similarly, the LlSS II image in which 36.25 x 36.25 sq. m area can be shown as a pixel

whereas LlSS III provides an image with spatial resolution of 23.5 x 23.5 sq.m. This clearly

indicates that LlSS III image provides very fine details than LlSS II image.



PAN image of IRS ICIID can provide much finer details as it has spatial resolution of 5.8 x

5.8m. Recently, USA has launched a satellite: IKONOS, which provides the spatial resolution

of 1 m x 1 m. Plate 2 shows the image acquired over Sally farm, Hissar by IRS LlSS 1, II

and III during the same season. Cropped area seen clearly in LlSS 1 individual fields are

celarly discernible in LlSS III sensor. The effect of spatial resolution on crop classification

accuracy was re-evaluated using IRS LlSS III data acquired on two consecutive dates. The

separability between wheat and sugarcane increased significantly on LlSS III data, as

compared to LlSS II data. There was smoothening of signal from crop fields and fewer

number of peaks then in LlSS III data.

For greater clarity of spatial resolution of any remote sensing imagery, it is more appropriate

to introduce the term pixel (picture element). One pixel on the digital satellite imagery

represents an IFOV on the ground. Each IFOV is filled by Digital Number (ON). Each digital

number indicates some inherent property of the terrain element.

Spectral Resolution

It is the width of the spectral band and the number of spectral bands in which the image is

taken. Narrow band widths in certain regions of the electromagnetic spectrum allow us to

discriminate between the various features more easily. Consequently, we need to have more

number of spectral bands, each having a narrow bandwidth, and these bands should together

cover the entire spectral range of interest.

The digital images collected by satellite sensors except microwave sensing systems like

Seasat, SIR B Radarsat, have been multi-band or multispectral, individual images separately

recorded in discrete spectral bands. Multispectral imaging refers to viewing a given area in

several narrow bands to obtain better identification and classification of objects. Multistage

imaging refers to the observations of the same area from different positions of the platforms

(stereoscopic data). Multistage imaging refers to the observations made over the same area on

different dates to monitor the objects like crop growth. This is also called temporal resolution.

The term spectral resolution refers to the width of the spectral bands. Spectral resolution can

be explained by considering two points, (i) the position of the spectrum, width and number of

spectral bands will determine the degree to which individual targets can be determined on the

multispectral image, and (ii) the use of multispectral imagery can lead to a higher degree of

discriminating power than any single band taken on its own.

Various surface features can be identified by taking these multispectral bands. For example,

differences in reflectance of various rock types are separable only if the recorded device is

capable of detecting the spectral reflectance of the target in a narrow spectral wave band.



In the following figure it can be seen how healthy vegetation can be discriminated from

unhealthy vegetation. Most of the difference occurs in infrared region. Unfortunately, it is not

possible to increase the spectral resolution of a sensor simply to suit user's needs, because of

signal-to-noise (SIN) ratio which is defined as the ratio of total radiant energy to the noise

equivalent power.

Figure Concept of Spectral Resolution.

Multispectral scanning systems are designed to sense energy over a small IFOV and in

narrow wavelength bands. Since IFOV are very small, the amount of energy incident on each

of a system's detectors is very low. Hence the detectors must be very sensitive to output a

signal, and stronger than the level of noise. The noise is an extraneous and unwanted

response which shows a signal from the detector as it would appear in the absence of system

noise. The variations in the signals depend on the terrain conditions covered by that time. The

large changes in the signal peaks indicate the cover types, subclasses. From the following

figure it can be noticed that the random noise is added to the signal. The Figure (a) shows

signal along one scan line without noise, (b) signal with low noise component and (c) with

high noise component.

Mathematically-S/N ratio can be given as



Figure Vibrations in the signal strengths

A compromise must be sought between the twin requirements of narrow bandwidth (high

spectral resolution) and a low SIN ratio. This can be achieved by an arrangement which can

provide for a longer look at each scan line elements which is seen in the push broom scanner

Radiometric Resolution

It is the capability to differentiate the spectral reflectance I emittance between various targets.

This depends on the number of quantization levels within the spectral band. In other words,

the number of bits of digital data in the spectral band or the number of gray level values, will

decide the sensitivity of the sensor. It is the smallest difference in exposure that can be

detected in a given film analysis. It is also the ability of a given sensing system to

discriminate between density levels. In general, the radiometric resolution is inversely

proportional to contrast, so that higher contrast film is able to resolve smaller differences in

exposure. Low contrast films have greater radiometric range while highest contrast films

have smaller exposure range and lower radiometric range. It is commonly expressed as the

number of binary digits (bits) required to store the maximum level value. Thus the number of

bits required for 2, 4, 8, 16, 64 and 256 levels is 1, 2, 4, 6 and 8 respectively. The figure

shows digital images composed of different gray levels.

Imaging Sensor Systems

Various components of sensor systems operating in the visible, infrared, thermal and

microwave regions of the electromagnetic spectrum are described in this section. Although

analogue photographic imagery has many advantages, this unit is mainly concerned with

image data collected by scanning systems that ultimately generate digital image products. It is

apparent that the useful wavebands are mostly in the visible and the infrared for passive

remote sensing detectors and in the radar and microwave region for active type of sensors.



Figure Digital images of different levels of gray values (a) shows the image composed of

only two levels whereas (b) is composed of 16 levels, and an image with 256 levels in

which 1 indicates white and 0 indicates black. An image with 16 levels increases the

capability for the extraction of information about different features.

Accordingly the imaging sensor systems in remote sensing are classified as shown in Figure.

Broadly, all the imaging sensor systems are classified based on technical components of the

system and the capability of the detection by which the energy reflected by the terrain

features is recorded. The classification scheme is

(a) Multispectral imaging sensor systems

(b) Thermal remote sensing systems

(c) Microwave radar sensing systems.

The multispectral or multiband imaging systems may use conventional type cameras or a

combination of them, along with filters for the various bands in the visible part in the

scanning system of multiband imaging.



Figure Classification of imaging sensor systems

This way electromagnetic energy can be recorded by scanning the ground bit by bit. In some

instances, both photographic and scanning systems like Return Beam Vidicon (RBV) sensor

of Landsat which is almost similar to an ordinary TV camera, are used. The thermal system

uses radiometers, photometers, spectrometers and thermistors to detect the temperature

changes where microwave sensing systems use the antenna arrays for collecting and detecting

the energy from the terrain elements.

Multispectral Imaging Sensor Systems

In the case of multiband photographic system, different parts of the spectrum are sensed with

different film-filter combinations. Multiband digital camera images and video images are also

typically exposed on to the camera's CCD or CMOS sensor (s) through different filters.

Electro-optical sensors, such as the thematic mapper of Landsat, typically sense in at least

several bands of electromagnetic spectrum.

The photographic system suffers from one major defect of considerable distortion at the

edges. This is due to a large lens opening. From lens theory, we know that distortions can be

minimised and resolution considerably improved by using a narrow beam of light. This can

be achieved by a system called scanning system.

A multispectral scanner (MSS) operates on the same principle of selective sensing in multiple

spectral bands, but such instruments can sense in many more bands and over a great range of

the electromagnetic spectrum. Because of the advancement in utilizing electronic detectors,

MSS can extend the range of sensing from 0.3 mm to 14 mm. Further MSS can sense in very

narrow bands.



Multispectral scanner images are acquired by means of two basic process: across-track and

along-track scanning. Multispectral scanner systems build up two-dimensional images of the

terrain for a swath beneath the platform. Across-track systems are also called whisk broom

scanner systems. This type of scanning system scans the terrain along scan lines that are right

angles to the direction of the Spaceborne /airborne platform. The Figure illustrates the

operation across-track system. In this type of scanning system, scanner repeatedly measures

the energy from one side of the aircraft to the other. Data are collected within an arc below

the aircraft typically of 90 degree to 120 degree. Successive scan lines are covered as the

aircraft moves forward, yielding a series of contiguous or narrow strips of observation

comprising a two-dimensional image of rows (scan lines) and columns. At any instant, the

scanner 'sees' the energy within the systems IFOV. This explains the spatial resolution of the

sensing systems.

The second type of multispectral scanning system is along-track scanning system or push

broom systems. This type of scanners record multiband image data along a swath beneath an

aircraft. As the aircraft/spacecraft advances in the forward direction, the scanner scans the

earth with respect to the designed swath to build a two dimensional image by recording

successive scan lines that are oriented at right angles to the direction of the

aircraft/spacecraft.

Figure Across-track or whiskbroom scanner system operation.



Figure Along-track or pushbroom scanner system operation

The system's operation is shown in Figure. In a long track system, a linear array of detectors

is used instead of a rotating mirror. This is the marked difference between along track and

across track scanners.

Thermal Sensing Systems

Thermal scanner is one of the most important thermal sensing systems, a particular kind of

across track multispectral scanner which senses in the thermal portion of the electromagnetic

spectrum by means of inbuilt detectors. These systems are restricted to operating in either 3

to 5 micrometer or 8 to 14 micrometer range of wavelengths. The operation and the

efficiency of this type of scanning systems are based on the characteristics of the detectors.

Quantum or photon detectors are typically used to detect the thermal radiation. These

detectors operate on the principle of direct interaction between photons of radiation incident

on them and the energy levels of electrical charge carriers within the detector material. The

spectral sensitivity range and the operating temperatures of three photon detectors which are

common in use are as follows

The figure illustrates schematically the basic operation of a thermal scanner system. A

thermal scanner image is a pictorial representation of the detector response on a line-by-line

basis.



The usual convention when looking at the earth 's surface is to have higher radiant

temperature areas displayed as lighter toned image areas. Geometrical characteristics of both

along track and across track scanner imageries, and radiometric calibrations of these sensing

systems should be considered in the design of the thermal scanning systems.

Figure Across-track thermal scanner schematic

The geometrical characteristic of across track scanner imagery, such as like spatial

resolution and ground coverage, tangential Scale distortions, resolution cell size variations

and one-dimensional relief. displacement, are some of the geometrical parameters to be

considered in the design of thermal and multispectral scanners. Radiometric calibration of

thermal scanners can be performed through a number of approaches and each has its own

degree of accuracy. Methods used are internal blackbody source referencing and air-to-

ground calibration.

Microwave Imaging Systems

The fundamental principle of microwave sensing and the conceptual design of radar have

been discussed that stated the microwave region of the electromagnetic spectrum includes

radiation with wavelengths longer than 1 mm Imaging. Microwave instruments do not,

however, rely on the detection of solar or terrestrial emissions. In the following sections of

this chapter, the properties of the operational synthetic aperture radar (SAR) systems and

Radarsat systems are presented along with other sensing systems.

Earth Resources Satellites

There are three distinct groups of earth resources satellites. The first group of satellites record

visible and near visible wavelengths. The five satellites of Landsat series which are the first

generation earth resources satellites are a classic example of this group.



The four IRS satellites and the more improved SPOT series of these satellites may be

considered the second generation earth resources satellites of the same group. Group two

satellites carry sensors that record thermal infrared wavelengths and include the Heat

Capacity Mapping Mission satellites, namely, Explorer series. Group three satellites are

deployed with sensors that record micro wavelengths. The seasat series and the ERS are

examples of this group.

Landsat Satellite Programme

National Aeronautics and Space Administration (NASA) of USA with the co operation of

the U.S. Department of Interior planned the launching of a series of Earth Resources

Technology Satellites (ERTS). ERTS-1 was launched by a Thor-Delta rocket on July 23,

1972 and it operated until January 6,1978. It represented the first unmanned satellite designed

to acquire data about the earth resources on a systematic, repetitive, medium resolution,

multispectral basis. Subsequently, NASA renamed the ERTS programme as "Landsat"

programme to distinguish it from the series of meteorological and oceanographic satellites

that the USA launched later. ERTS-1

was retrospectively named Landsat-1. Five Landsat satellites have been launched so far and

this experimental programme has evolved into an operational global resource monitoring

programme. Three different types of sensors have been flown in various combinations on the

five missions. These are Return Beam Vidicon (RBV) camera system, the Multispectral

Scanner (MSS) system and the Thematic Mapper (TM).

Table Characteristics of Landsat Satellites and Their Sensors



The Table summarizes the characteristics of Landsat-1, through 5, and the sensors used on

these satellites and orbital characteristics. Landsat images have found a large number of

applications, such as, agriculture, botany, cartography, civil engineering, environmental

monitoring, forestry, geography, geology, land resources analysis, landuse planning,

oceanography, and water quality analysis.

SPOT Satellite Programme

France, Sweden and Belgium joined together and pooled up their resources to develop the

System Pourl' Observation dela Terre (SPOT), an earth observation satellite programme. The

first satellite of the series, SPOT-1 was launched from Kourou Launch Range in French

Guiana on February 21,1986 aboard an Ariance Launch vehicle (AIV). This is the first earth

resource satellite system to include a linear array sensor employing the push broom scanning

technique.

This enables side-to-side oft-nadir viewing capabilities and affords a full scene stereoscopic

imaging from two different viewing points of the same area. The high resolution data

obtained from SPOT sensors, namely, Thematic Mapper (TM) and High Resolution Visible

(HRV), have been extensively used for urban planning, urban growth assessment,

transportation planning, besides the conventional applications related to natural resources.

The characteristics of SPOT Satellite and HRV sensor are given in the Table.



Characteristics of SPOT Satellite and HRV Sensor

Indian Remote Sensing Satellite (IRS)

The IRS mission envisages the planning and implementation of a satellite based remote

sensing system for evaluating the natural resources. The principal components of the mission

are: a three axis stabilized polar sun synchronous satellite with multispectral sensors, a

ground based data reception, recording and processing systems for the multispectral data,

ground systems for the in-orbit satellite control including the tracking network with the

associated supporting systems, and hardware and software elements for the generation of user

oriented data products, data analysis

and archival. The principal aim of the IRS mission is to use the satellite data in conjunction

with supplementary/complementary information from other sources for survey and

management of natural resources in important areas, such as, agriculture, geology and

hydrology in association with the user agencies. IRS series of satellites are IRS lA, IRS IB,

IRS IC, IRS ID and IRS P4 apart from other satellites which were launched by the

Government of India.



The orbital and sensor characteristics of IRS IA and IB are the same and IRS IC and IRS ID

have almost similar characteristics. IRS P4 is an oceanographic satellite, and this will be

discussed in the next section. IRS has application potential in a wide range of disciplines such

as management of agricultural resources, inventory of forest resources, geological mapping,

estimation of water resources, study of coastal hydrodynamics, and water quality surveying.

The sensor payload system consists of two push broom cameras (LiSS-II) of 36.25 m

resolution and one camera .(LlSS-I) of 72.5 m resolution employing linear Charge Coupled

Device (CCD) arrays as detectors. Each camera system images in four spectral bands in the

visible and near IR region. The camera system consists of collecting optics, imaging

detectors, inflight calibration equipment, and processing devices. The orbital characteristics

of the IRS-1A, 1 B satellites and the sensor capabilities are given in Table. As IRS-1 D

satellite is the latest satellite of the series and hence the system overview of IRS - 1 D is

provided.

Table Particulars of Indian Remote Sensing Satellites (IRS Series)



The IRS-1 D is a three-axes body stabilized satellite, similar to IRS-1 C. Since IRS-1 C and 1

D are similar in orbital characteristics and sensor capabilities, the details of IRS-1 D are

discussed as it is a very recent satellite. It will have an operational life of three years in a near

polar sun synchronous orbit at a mean altitude of 780 Km.

The payload consists of three sensors, namely, Panchromatic camera (PAN), linear imaging

and self-scanning sensor (LiSS-III) and wide Field sensor (WiFs). The satellite is equipped

with an On-Board Tape Recorder (OBTR) capable of recording limited amount of specified

sensor data. Operation of each of the sensors can be programmed. The payload operation

sequence for the whole day can be loaded daily on to the on-board command memory when

the satellite is within the visibility range. The ground segment consists of a Telemetry

Tracking and Command (TTC) segment comprising a TTC network, and an Image segment

comprising data acquisition, data processing and product generation system along with data

dissemination centre.

The overview of IRS-1 D mission is to provide optimum satellite operation and a mission

control centre for mission management, spacecraft operations and scheduling. The three

sensors on board IRS-1 D and IRS-1 C are described in the following paragraph.

The panchromatic camera provides data with a spatial resolution of 5.2-5.8 m (at nadir) and a

ground swath between 63 Km -70 Km (at nadir). It operates in the 0.50 - 0.75 microns

spectral band. This camera can be steered upto ± 26 deg. storable upto ±398 Km across the

track from nadir, which in turn increases the revisit capability to 3 days for most part of the

cycle and 7 days in some extreme cases.

Table Details of PAN of IRS 10



The Table shows the specifications and resolution of PAN. The figure shows the PAN image

showing parts of Mumbai city and Figure shows the IRS-1D PAN camera by which this

image is obtained. The LlSS-1i1 sensor provides multispectral data collected in four bands of

the visible, near infra-red (V,NIR) and short wave infra-red (SWIR) regions. While the

spatial resolution and swath in the case of visible (two bands) and NIR (one band) regions are

between 21.2 m to 23.5 m and 127 Km-141 Km. respectively, they are between 63.6 m to

70.5 m and 133 Km to 148 Km for the data collected in SWIR region.

Figure PAN image showing parts of Mumbai city

Plate 3 shows IRS-1D LlSS III FCC image (band 2, 3, 4) and corresponding black and white

images of band 2, band 3, and band 4 of path 108, row 56 showing Culcutta and surrounding

areas whereas Figure shows the LlSS III camera.

Figure IRS-1D PAN Camera

The Wide Field Sensor (WiFS) sensor collects data in two spectral bands and has a ground

swath between 728 Km to 812 Km with a spatial resolution of 169 m to188 m.



Table Details of LlSS III of IRS-1 D

Table Details of WiFS of IRS ID

AEM Satellites

The (Heat capacity Mapping Mission) HCMM satellite is the first of a small and relatively

inexpensive series of NASA's Applications Explorer Mission (AEM) satellites. Launched in

April 1978, it lasted till September 1980.



Table Details of AEM Satellite and HCMM Sensor

Table summarizes the details of AEM satellite and HCM sensor characteristics. The orbits of

the satellite are arranged to ensure that images of each scene are obtained during the periods

of maximum and minimum surface temperature for the determination of thermal inertia. The

data from HCMM are intended primarily for conversion to thermal inertia maps for

geological mapping. However, the images have found wider applications, such as, vegetation

mapping, vegetation stress detection, microclimatology, soil moisture mapping, snowmelt

prediction, and monitoring industrial thermal pollution.

Meteorological Satellites

Meteorological satellites designed specifically to assist in weather prediction and monitoring,

generally incorporate sensors that have very coarse spatial resolution compared to land-

oriented systems. These satellites, however, afford a high frequency global coverage. USA

has launched a multiple series of meteorological satellites with a wide range of orbit and

sensing system designs. The first of these series is called the NOAA, an acronym for National

Oceanic and Atmospheric Administration. These satellites are in near-polar, sun synchronous

orbits similar to those of 'Landsat and IRS'. In contrast, another series of satellites which are

of essentially meteorological type, called Geostationary Operational Environmental Satellite

(GOES) series and Meteosat operated by European Space Agency, are geostationary,

remaining in a constant relative position over the equator.



NOAA Satellites

Several generations of satellites in the NOAA series have been placed in orbit. The satellites

NOAA-6 through NOAA-10 contained Advanced Very High Resolution Radiometer

(AVHRR). The even-numbered missions have daylight (7.30 A.M.) north-to-south equatorial

crossing and the odd-numbered missions have night time (2.30 A.M.) north-to-south

equatorial crossing. The basic characteristics of these missions and the AVHRR instrument

are listed in Table.

Table Particulars of NOAA Satellite and AVHRR Sensor

Apart from routine climatological analyses, the AVHRR data have been used extensively in

studies of vegetation dynamics, flood monitoring, regional soil moisture analysis, dust and

sandstorm monitoring, forest wild fire mapping, sea surface temperature mapping, and

various geological applications, including observation of volcanic eruptions, and mapping of

regional drainage and physiographic features.



GOES Satellites

The GOES programme is a cooperative venture between NOM and NASA. The

Geostationary Operational Environmental Satellites (GOES) are part of a global network of

meteorological satellites spaced about 70° longitude apart around the world. The GOES

images are distributed in near real-time for use in local weather forecasting. They have also

been used in certain large area analyses such as regional snow cover mapping.

Table Particulars of Goes Satellites and their Sensors

The details of GOES satellites and the sensors they are carrying are shown in the Table.

NIMBUS Satellites

This is one of the ocean monitoring satellites launched in October 1978. This satellite carries

the Coastal Zone Colour Scanner (CZCS) designed specifically to measure ocean parameters.

The details of the six bands in which the CZCS operates and the characteristics of NIMBUS-

7 satellite are presented in Table.

The CZCS has been used to measure sea surface temperatures, detection of chlorophyll and

suspended solids of near-shore and coastal waters.



Table Characteristics of Nimbus Satellites and CZCS Sensor

Meteosat Series

Meteosat-1 of this series launched in November 1977 failed in November 1979. Meteosat-2

was launched June 1981, and like GOES its sensors recorded images every half an hour in

three wavebands as in table.

Table Details of Meteosat and Sensor Wavebands

Data from Meteosat sensors have been used for many meteorological applications like studies

of synoptic climatology, sea surface temperature, land surface temperature, windvector

determinations and monitoring all types of natural disasters.



Radar Principle

Radio Detection and Ranging (RADAR) is an active microwave sensing system which

transmits electromagnetic radiation of wave length in the centimeter range as a source of

illumination (self-illumination) to detect remote targets. The microwave portion of the

spectrum includes wavelength within the approximate range of 1 m. In active microwave

remote sensing, the radar antenna transmits short burst (pulses) of energy to the target and

echoes from these targets carry informations about the position (range) and quality of the

illuminated objects. Therefore, the imaging radar consists of the operational units, namely,

transmission of microwave pulses directed by reception of echoes as mean terrain

information by the same antenna, Signal Correlation to generate radar raw data and data

processing and production of final digital/optical image products. The radar equation relates

the influence of the system and terrain parameters to the power received by the antenna

(Reeves 1979) as shown below

This radar equation is modified in view of the nature of remotely sensed areas on the ground

in which each resolution cell contains many separate scatterers. Therefore, the power

received from a resolution cell is a combined power obtained by  adding the powers from

these scatterers. Then the above equation can be modified as



The summation of powers of all scatterers can be replaced by an integer using an average

value of scattering coefficient per unit area rather than the actual scattering cross section

associated with each individual element. The above equation can be converted to

This form of radar equation is generally used in remote sensing and the quantity measured is

back scattering coefficient (0"0) which describes the properties of target on the ground. The

back scattering coefficient, according to Elachi (1988), is defined as the ratio of the energy

received by the sensor over the energy that the sensor would have received if the surface had

scattered the energy incident on it in isotropic fashion. This is expressed in decibels (dB).

Back scattering coefficient describes the terrain contributing factor to the radar image tone,

and the radar cross sections per unit area (resolution cell). It is a result of the sensor-target

interaction.

Figure Theoretical Scheme of Sensor - Target Interaction

The backscattering coefficient can be a positive number focusing energy in the back direction

or a negative number away from the back direction.



SIDE LOOKING AIRBORNE RADAR (SLAR) SYSTEMS

A radar image displays the backscattering characteristics of the earth's surface in the form of

a strip map There are two categories of side-looking airborne radar (SLAR) systems, namely,

real aperture and synthetic aperture. The latter is the focus of this review, but the real aperture

SLAR systems may be briefly considered so as to understand why synthetic aperture radar

(SAR) systems have been developed.

Figure Volume scattering from (a) high loss vegetation canopies and (b) low loss vegetation

canopies

The basic operating principle of a SLAR system is illustrated in Figure. Short pulses or bursts

of microwave radiation are transmitted from the antenna, each pulse being transmitted for

only a very brief period of time usually in the order of microseconds

Figure Correspondence of the radar backscatter coefficient at locations (i, j) pixel in the

scene, to the (i, j) digital number in the processed image (Anon, 1987)



This pulse moves out radially from the antenna and results in a beam being formed which is

vertically wide but horizontally narrow. The time taken by a pulse to move away from the

antenna. strike the ground and its backscatter or 'echo' return is measured electronically. From

this time measurement, it is possible to determine the distance between the antenna and the

object in the slant range. Since the energy propagates in air at approximately the velocity of

light 'c', the slant range, to any given object is given by

These echoes are then recorded to produce an amplitude/ time video signal . An image

product is generated in a film recorder by using the signal to control the intensity of the beam

on a single line cathode ray tube (CRT), and recording this ne on to the film via a lens, to

form an image.

The film is advanced at a rate proportional to the aircraft's motion. In this way the combined

response of many radar pulses is used to generate an image in which each line is the tonal

representation of the strength of the signals returned to the radar antenna from a single pulse

The ground resolution cell size of SLAR system mainly depends on pulse length and antenna

beam width. The pulse length is defined as the length of time that the antenna emits its

energy. Pulse length determines the spatial resolution in the direction of propagation. This

direction is called range resolution.

The other resolution: azimuthal resolution, whichis based on the width of the antenna beam,

determines the resolution cell size in the flight direction. Therefore the resolution in the radar

system is measured in two directions, along the track (azimuthal) and across the track (range

resolution).

The effective resolution is the minimum separated distance that can be determined between

two targets with echoes of similar strength. The resolution in the range direction is given by



Figure Operating principle of SLR

The resolution in the range direction is thus a function of the pulse length (-c). In the

azimuthal direction, however, the resolution (R) is determined by the angular beam width of

the antenna, and the slant range distance which can be expressed as :

Hence the resolution in the azimuthal direction is a function of the length of the antenna, and

the range Ra therefore varies across the imaged swath. This is because the radar beam 'fans

out' with increasing distance from the aircraft. This resultsin a deterioration of the azimuthal

resolution with inc reasing range, and so objects which are separable close to the flight line

are not distinguished further. At spacecraft altitude, the azimuthal resolution becomes too

coarse.



Figure Graphical representation of resolution of radar remote sensing data

(a) Resolution (R) on antenna beamwidth W) and ground range (GR)

(b) Relationship between slant-range resolution and ground-range resolution

Figure Graphical representation of resolution of radar remote sensing data

(c) Dependence of range resolution on pulse length

In order to obtain a fine azimuthal resolution , it is necessary to use as long an antenna as

possible, which creates logistic problems, and/or use as short a wavelength as possible, which

will , however, result in greater atmospheric attenuation and dispersion(Lillesand and Kiefer,

2000). To obtain a fine range resolution shorter pulses would need to be transmitted, and

these would require a high peak power. The radar systems in which beam width is controlled

by the physical antenna length, are called brute-force, real aperture or non-coherent radars.



Synthetic Aperture Radar (SAR)

In synthetic aperture radar (SAR) imaging, microwave pulses are transmitted by an antenna

towards the earth surface. The microwave energy scattered back to the spacecraft is

measured. The SAR makes use of the radar principle to form an image by utilising the time

delay of the back scattered signals In real aperture radar imaging, the ground resolution is

limited by the size of the microwave beam sent out from the antenna. Finer details on the

ground can be resolved by using a narrower beam. The beam width is inversely proportional

to the size of the antenna, that is, the longer the antenna, the narrower the beam. It is not

feasible for a spacecraft to carry a very long antenna that is required for high resolution

imaging of the earth surface. To overcome this limitation, SAR capitalises on the motion of

the space craft to emulate a large antenna (about 4 km for the ERS SAR) in place of the small

antenna (10 m on the ERS satellite) it actually carries on board.

Figure (a) A radar pulse is transmitted from the antenna to the ground.

(b) The radar pulse is scattered by the ground targets back to the antenna

The figure shows the imaging geometry for a typical strip-mapping synthetic aperture radar

imaging system. With a SAR system there is the advantage that the azimuth or along track

Resolution is improved by making it independent of the range. This is because with a SAR

system a physically short antenna is made to behave as if it were much longer. This aperture

synthesis is achieved by recording not only the strength of a returned signal from an object on

the ground, but also the signal's frequency. With this extra information the beam width canbe

effectively narrowed when the Doppler shift is used.



Figure Imaging geometry for a typical strip-mapping synthetic aperture radar imaging

system. The antenna' s footprint sweeps out a strip parallel to the direction of the

satellite' s ground track.

The figure shows the concept of SAR. An antenna with a along track beam width of ~h

radians illuminates an object at slant range R and along track location Xo' At this range , the

antenna beam has an along track width , L, of

Figure Visibility of a target at Xo over distance L

The radar acquires visibility of the object when it reaches the coordinate location of (Xo -

Ll2). Therefore, it is possible for a single moving antenna to successively occupy the element

positions of X to Xo in an array of length L. Under these conditions, it is possible in

principle to combine observations from the moving antenna to "synthesise an array of length

L – R*ƛ/ D'



Because the SAR system is a coherent system and incorporates two-way signal propagation,

it can be shown that an array of the form described can provide an effective angular

resolution given below

This means that short pulses, which require a high peak power, need not be used . The pulse

band width, can be made quite large by using chirp techniques without excessive peak power

requirements. The Radar system uses either a slant range or ground range presentation for the

across track coordinates. The raw image suffers from geometrical and radiometric errors

which are discussed in the following sections.

Interaction between Microwaves and Earth's surface

When microwaves strike a surface, the proportion of energy scattered back to the sensor

depends on many factors like physical factors, such as, the dielectric constant of the surface

materials; and on the moisture content geometric factors, such as, surface roughness, slopes,

orientation of the objects relative to the radar beam direction, the types of landcover (soil,

vegetation or man-made objects),microwave frequency, polarisation, and incident angle of

microwave remote sensing systems.

Speckle Noise

Unlike optical images, radar images are formed by coherent interaction of the transmitted

microwave with the targets. Hence, it suffers from the effects of specklenoise which arises

from coherent summation of the signals scattered from ground scatterers distributed

randomly within each pixel. A radar image appears more noisy than an optical image. The

speckle noise is sometimes suppressed by applying a speckle removal filter on the digital

image before display and further analysis. Because of wave interference, random fluctuations

from an extended target appear as speckles on radar imagery. The random variation in the

brightness of individual pixels can be large if the pixels are observed once, whereas if they

are observed many times, speckles can be reduced. It is for this reason that speckles are more



severe in synthetic aperture radar images as compared to real aperture radar images. Fadingof

a radar signal which causes speckles, complicates image interpretation. It is often necessary

to reduce the effect of speckles by the knowledge of spatial gray level distribution.

Backscattered Radar Intensity

A single radar image is usually displayed as a gray scale image, such as the one shown. The

intensity of each pixel represents the proportion of microwave backscattered from that area

on the ground which depends on a variety of factors, such as, type, size, shape and

orientations of the scatterers in the target area, moisture content of the target area, frequency

and polarisation of the radar pulses and the incident angles of the radar beam. The pixel

intensity values are often converted to a physical quantity called the backscattering

coefficient or normalised radar cross-section measured in decibel (dB) units with values

ranging from +5 dB for very bright objects to 40 dB for very dark surfaces.

Geometrical Characteristics

Large scale variations in the surface (for example, terrain slopes), affect the backscattering

properties. In a radar image, broadly four geometrical characteristics are observed, namely,

(i) slope foreshortening,

(ii) aspect,

(iii) radar shadow,

(iv)layover

Slope Foreshortening

For similar terrain slopes, or for the same slope recorded at different depression angles, there

is a variation in the slope length on the radar image. Slopes are often made to appear shorter

than they really are, that is, they are foreshortened. Foreshortening is at a maximum for a

slope when the incident angle, e, is 90°, and a minimum when e is at the grazing angle,

where the slopes are recorded in true proportion to their length. Figure shows this effect. A

slope is recorded at its true length if it slopes away from the radar antenna at an angle at

which it is truncated in its slant range presentation.

For slope 1 the in Figure, which faces the radar and has a gradient equal to the depression

angle, both the top and the base of the slope are intercepted simultaneously by the radar beam

wavefront, and so are recorded as a single point on the image. Foreshortening thus occurs

when a slope is less steep than when perpendicular to the wavefront, with the base of the

slope intercepting the wavefront first.



Figure  The influence of terrain slope on radar imagery

Layover

If, however, the terrain slope is steeper than a line perpendicular to th~ incident wavefront, so

that its top intercepts the radar beam wavefront before the base of the slope, then layover

occurs. This is illustrated in figure for slopes 3 and 4. It was shown above that foreshortening

occurs when a slope facing the radar is not as steep as the wavefront. With layover, however,

a slope facing the radar appears to be steeper than it really is, as its slope is steeper than that

of the wavefront. From the above discussion of layover and foreshortening, and the fact that

the depression angle varies across the image swath, it can be seen that similar terrain slopes at

different positions from the flight line will be recorded differently. Layover is most likely to

occur in the near range where the depression angle is low. Layover and foreshortening are

important factors, and should be considered while interpreting radar imagery. This is not only

because of the distortion they introduce into the image but also because the amount of energy

received per unit area varies with the angle at which the energy is received and so with the

slope. The angle at which the energy is received at each surface is critical to a distribution of

the energy back scatter from that surface. For flat terrain the angle at which the energy arrives

varies across the swath, and further complexity is introduced by variations in the surface

slope.

Aspect

Aspect is important since, if a slope is orientated away from the flight line, then the

wavefront's journey from the base of the slope to its top is further increased, and hence the

amount of energy per unit area is reduced. This can greatly affect the backscatter recorded

and so the interpretability of the imagery. Slope orientation relative to the radar look

direction is therefore important.



Radar Shadow

The other important characteristic of radar imagery is that of radar shadow, which occurs

whenever the terrain backs lope is steeper than the depression angle. This is because the

slope facing the radar beam from illuminating the backslope. The length of the radar shadow

is determined by the 'wavefront angle', as are layover and foreshortening. Areas of radar

shadow are generally more common in the far range, because in the near range few

backslopes are steep enough to be obscured from the radar beam.

APPLICATIONS

Figure Synthetic Aperture RADAR (SAR) range of sensing

Figure example of SLAR in remote sensing



POST TEST-MCQ TYPE

[1] IFOV stands for

a) Instantaneous Field of View

b) Instantaneous Flux of View

c) Instantaneous Flow of Vein

d) International Field of View

[2] Due to scan geometry of a satellite sensor

a) The off-nadir resolution is degraded

b) The ground distance swept by the senor, IFOV is proportional to sec2θ, where θ is the

angle of scan measured from the nadir

c) The details towards the edge of the scan get compressed

d) All of the above

[3] W hat is the name of the radar technique that makes it possible to make surface elevation

models?

a) GPR

b) Elevated SAR

c) SAR

d) Interferometric SAR

[4] What is moving in Inverse Synthetic Aperture (ISAR) imaging?

a) The Earth

b) The target

c) The antenna height

d) The radar relative to the Earth

[5] The optical property of a water body depends on

a) Absorption by the dissolved material

b) Absorption by the suspended particulate matter

c) Scattering by the suspended particulate matter

d) All of these



[6] Which of the satellite is designed specifically to assist in weather prediction and

monitoring?

a) Meteorological satellites

b) Spy Satellites

c) Communication Satellites

d) All of these

[7] TTC stands for

a) Telemetry, Tracking and control

b) Telemetry, Television and control

c) Telemetry, Television and command

d) Telemetry, Tracking and Command

[8] The satellite that is used as a relay to extend communication distance is called as

__________

a) Relay satellites

b) Communication satellites

c) Repeater satellites

d) Geosynchronous satellites

[9] Why are VHF, UHF, and microwave signals used in satellite communication?

a) More bandwidth

b) More spectrum space

c) Are not diffracted by the ionosphere

d) Economically viable

[10] Which of the following is not a satellite subsystem?

a) Ground station

b) Power system

c) Telemetry tracking

d) Communication subsystem



[11] Sun synchronous or polar orbiting satellites are generally placed at an altitude range of

__________

a) 7-15km

b) 7000-15000km

c) 700-1500km

d) 70-150km

[12] _____________ represented the first unmanned satellite designed to acquire data about

the earth resources on a systematic, repetitive, medium resolution, multispectral basis.

a) IRS

b) Meteorological satellite

c) SPOT satellite

d) Landsat Satellite

[13] In thermal sensing systems, a particular kind of across track multispectral scanner which

senses in the thermal portion of the electromagnetic spectrum by means of ___________

a) External solar cells

b) Inbuilt detectors

c) Transmitters

d) Subsystem

[14] CCD stands for

a) Camera Coupled Device

b) Charger Camera Duo

c) Charger Camera Device

d) Charged Coupled Device

[15] Which of the following are common baseband signals transmitted from the earth ground

station?

a) Navigational data, computer data, video

b) Computer data, navigational data, voice

c) Voice, video, computer data

d) Computer data



[16] ___________ is used to detect the temperature changes where microwave sensing

systems use the antenna arrays for collecting and detecting the energy from the terrain

elements.

a) Thermistors

b) Resistors

c) CCD

d) Couplers

[17] In radiometric resolution, the number of bits required for 16 levels is

a) 1

b) 2

c) 4

d) 6

[18] Which plays an important role in resolving various earth's surface features from the
interpretation of satellite imagery?

a) Spectral Scanning

b) Radiometric resolution

c) Spatial resolution

d) Land satellite

[19] Sensors are devices used for making _______

a) scanning

b) reporting

c) editing

d) observations

[20] The length of the radar shadow is determined by the ____

a) reflected angle

b) inclination angle

c) wavefront angle

d) none of these



CONCLUSION

In this unit, the student would have understood the concept of remote sensing and got an

exposure towards different Earth Resources Satellites used as Communication Satellites,

Weather Satellites, Spy Satellites. The Satellite Sensors and its types were discussed.

The spatial resolution and the Interaction between Microwaves and Earth's surface were

discussed. The Side Looking Airborne Radar and Synthetic Aperture Radar were explained
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ASSIGNMENT

1. What is the main difference between radar and optical remote sensing systems, like

aerial photography or the SPOT satellite?

2. If an agricultural area, with crops such as wheat and corn, became flooded, what do you

think these areas might look like on a radar image? Explain the reasons for your answers

based on your knowledge of how radar energy interacts with a target.

3. Explain what a SAR system is?

4. List out what determines the range resolution in radar.

5. Find out where the low resolution and high resolution cameras are used in  remote

sensing.



UNIT IV GEOGRAPHIC
INFORMATION SYSTEM

Prepared by

T.DINESH KUMAR
Assistant Professor

ECE, SCSVMV

REMOTE SENSING & GIS



AIM & OBJECTIVES

 To ensure that students begin to understand the geographic information system.

 To understand the basic concepts behind the organizational context in GIS.

 To acquire knowledge about maps and projections used for GIS.

 To learn about different components, analysis using raster and vector data in GIS.

PRE TEST-MCQ TYPE

[1] Among the following ____________ can be expressed as an example of hardware

component.

a) Keyboard

b) Arc GIS

c) Auto CAD

d) Digitalization

[2] Which among the following is a server based hardware platform of GIS?

a) Autodesk Revit

b) STAAD Pro

c) Arc GIS

d) Google-maps

[3] Study of geometric objects will come under the category of ______________

a) Surveying

b) Topology

c) Surface geometry

d) Cartography

UNIT IV GEOGRAPHIC INFORMATION SYSTEM- CONTENTS

GIS – Components of GIS – Hardware, Software and Organizational Context – Data –

Spatial and Non-Spatial – Maps – Types of Maps – Projection – Types of Projection - Data

Input – Digitizer, Scanner – Editing – Raster and Vector data structures – Comparison of

Raster and Vector data structure – Analysis using Raster and Vector data – Retrieval,

Reclassification, Overlaying, Buffering – Data Output – Printers and Plotters



THEORY

Introduction

To answer apparently simple geographical questions like: What is the population of a

particular city? What are the characteristics of the soils in a particular land parcel? Are there

any trends in the patterns of earthquakes in India which could help predict future quakes?

How has the distribution of urban and rural population changed between the past two

censuses? All these questions are pertinent and require the proper and accurate data derived

from several sources, and be integrated into a consistent form. The art, science, engineering

and technology required to answer these geographical questions constitute called

Geographical Information System (GIS). GIS is a generic term denoting the use of computers

to create and depict digital representations of the Earth's surface.

Roger Tomlin the father of Canada GIS is credited with visualizing the need for computers to

perform certain simple but labour intensive tasks associated with Canada Land Inventory. It

showed that if a map could be represented in digital form, then it would be easy to make

measurements of its basic elements, specifically the areas assigned and the tedious hand-

measurement of area by conducting dots on transparent overlays of known dot density.

Tomlin's cost-benefit analysis showed that computerization would be cost effective, despite

the enormous costs involved and the primitive nature of the computers of the time.

It is, however, important to note that the earlier investigators also realized the importance of

such a computerized analysis of the spatial data. David Bickmore (1934), the primary GIS

innovator, has discovered that, GIS stems from the benefits of automating the map production

process. Once information of any kind is in digital form, it is much easier to manipulate,

copy, edit, and transmit. Ray Boyle invented the "free pencil" digitizer, and by 1964

Bickmore and Boyle set up the Oxford system for high quality digital cartography.

At that time, major mapping agencies, including the US and other military bodies began the

lengthy and often rocky process of automation. Widespread achievement of the benefits of

automated cartography had to await the development of suitable mechanisms for input,

display, and output of map data, but the necessary devices map digitizer, interactive graphics

display device and plotter, respectively became available at reasonable cost by the early to

mid1970's and from then onwards an increasing number of organizations set out to convert

all their maps into a computerized form. The world as composed of a set of largely

independent layers and spatial elements, each representing some component of the

environment, and some set of environmental concerns as well.



These layers might include groundwater, natural vegetation, soil and other resources. McHarg

(1996) was the foremost proponent of this view, and his group at the University of

Pennsylvania applied it in a long series of exemplary studies. Although the initial idea was

strictly manual, the computerization of these ideas in a layer-based raster GIS was a simple

step, and many systems owe their origins to McHarg's simple model.

Overview of Information System

GIS might provide the medium for studying one or more of the fundamental issues that arise

in using digital information technology to examine the surface of the earth or any related

systems. The Resource Information System (RIS) for agricultural management, for instance,

has to be considered multidimensional with attribute dimension, spatial dimension and

temporal dimension. Geographic Information System (GIS) offers capabilities of integrating

multisector, multilevel and multiperiod database.

GIS is a computerized database system for capture, storage, retrieval, analysis, and display of

spatial data. It is a general-purpose technology for handling geographic data in digital form,

and satisfying the following specific needs, 'among others

(i) the ability to preprocess data from large stores into a form suitable for analysis, including

operations such as reformatting, change of projection, resampling, and generalisation.

(ii) direct support for ana1lysis and modeling, so that form of analysis, calibrations of

models, forecasting, and prediction are all handled through instructions to the GIS.

(iii) post processing of results including such operations as reformatting, tabulation, report

generation, and mapping.

Figure Simplified information system overview

In all these operations, the typical GIS user now expects to be able to define requirements and

interact with the system through a "user-friendly" intuitive interface icons and desktop

metaphors. The function of an information system is to improve one's ability to make

decisions. An information system is the chain of operations that takes us from planning the

observation and collection of data, to storage and analysis of the data, and to the use of the

derived information in some decision-making process.



This brings us to an important concept that a map is kind of information system. A map is a

collection of stored, analyzed data, and the information derived from this collection is used in

making decisions. The Figure shows the simplified information system overview. There are

mainly four key activities that any urban planners or scientists or resource managers and

others use geographic information for. They observe and measure environmental parameters

and develop maps which portray characteristics of the earth. They monitor changes in our

surroundings in space and time. In addition, they model alternatives of actions and process

operation in the environment. These, four activities are Measurement, Mapping, Monitoring

and Modelling termed as key activities which can be enhanced by the using information

systems technologies through GIS.

Figure Schematic representation of Four Ms: Measurement, Mapping, Monitoring and

Modelling

GIS technology is more different from traditional mapping and map analysis. GIS is based on

a mathematical framework of primitive map analysis operations analogous to those of

traditional statistics and algebra. From this perspective, GIS forms a toolbox for processing

maps and fundamental concepts for spatial measurement. It provides a foundation for

advanced analytic operations involving spatial analysis and measurement.

Most of GISs contain analytic capabilities for reclassifying and overlaying maps. Any GIS

system for the measurement of areas, distances, angles and so on requires two components,

namely, a standard measurement unit and a measurement procedure. Another major function

of GIS capability is the study of environmental surroundings and the monitoring of

environmental parameters.

Although analytical models have been linked to GIS for spatial measurement and resource

assessment, the cross fertilization between the modules of modelling, measurement and

automated mapping allows the GIS user to monitor the environment and the earth system. In

principle, it is possible to make a clear distinction between GIS and digital cartography.



Mapping technology or digital cartography deals with map features and with associated

attributes of colour, symbology, name of annotation, legends, neat lines and north arrows.

GIS includes the capabilities for storing, editing, and handling the relationships of attributes

with their spatial entities along with the capabilities of digital cartography. A map, an

ultimate product of digital cartography or GIS, is a very persuasive form of data display and a

computer drawn map carries the authority of a powerful technology.

GIS applications now span a wide range, from sophisticated analysis and modelling of spatial

data to simple inventory and management. They also dictate the development directions of

much of the industry. However, several vendors have chosen to concentrate on the niche

market for environmental applications and to emphasize support for environmental

modelling. GRASS is a significant public domain GIS software developed by USA with

substantial capabilities for modeling.

GIS is convergence of technological fields and traditional disciplines. GIS has been called an

"enabling technology" because of the potential it offers for the wide variety of disciplines

dealing with spatial data. Many related fields of study provide techniques which make up

GIS. These related fields emphasize data collections while GIS brings them together by

emphasizing integration, modelling and analysis. Thus GIS often claims to be the science of

spatial information. Figure shows the technical and conceptual development of GIS. The

contributing disciplines for the evolution of a GIS are geography, cartography, remote

sensing, surveying and photogrammetry, computer science technology, mathematics, and

statistics.

Geography is broadly concerned with understanding the world and man's place in it.

Geography has a long tradition in spatial analysis, and provides techniques for conducting

spatial analysis and a spatial perspective on research. Cartography is concerned with display

of spatial information. It is now the main source of input data for GIS (maps) and has a long

tradition in the design of maps which is an important form of output from GIS.

Remote Sensing is becoming an important source of geographical data by providing digital

images derived from space and the air. Remote sensing provides techniques for data

acquisition and processing anywhere on the globe at a low cost, and consistent update

potential. While integrated with GIS, remotely sensed imagery can be merged with other data

in a GIS providing real-time spatial information. The first part of this book enlightens the

concepts and the potential utility of remote sensing.



Surveying and Photogrammetry provide high quality data on positions of cadastral objects

like land parcel and building, and topography. Aerial photogrammetry deals with the

photographs taken by an aerial camera on board aircraft at different-altitudes. Aerial

photogrammetry is one of the most powerful data-capturing techniques for the creation of

GIS spatial database. The relevant data can be extracted from the aerial photographs of

various scales and may be used as input for GIS.

Digital orthophotos provide the source of digital data. These products are scanned air photos

that have been rectified to eliminate displacement caused by variable elevation of the ground

surface and the tilt of the camera. Properly registered with other digital data sets, these

images can be used directly as backdrops for vector data or to provide a base map for

onscreen digitizing. The user may abstract information on land use, vegetation type and other

aspects of the landscape from the photograph.

Figure GIS: the result of linking parallel developments in many separate spatial

data processing disciplines

Figure Varying scale on Aerial photographs.



Curran (1989) identified six characteristics of aerial photographs of immense value as a data

source for GIS. They are

(i) wide availability,

(ii) low cost,

(iii) Wide area views,

(iv) time – freezing ability,

(v) high spectral and spatial resolution,

(vi) three-dimensional perspective

Computer Assisted Design (CAD) provides software, techniques for data input, display and

visualization, and representation, particularly in 3-dimensions. Advances in computer

graphics provide hardware and software for handling and displaying graphic objects. Data

Base Management System (DBMS) contributes methods for representing data in digital form

and procedures for system design and update. Artificial intelligence (AI) uses the computer to

make choices based on available data in a way that is seen to enhance the human intelligence

and decision-making. Using AI, computer can act as an "expert" in such functions as

designing maps, generalizing map features and classification.

Several branches of mathematics, especially geometry and graph theory, are used in GIS

system design and analysis of spatial data. Statistics is used to build models and perform

spatial data analysis in GIS. Statistics is also important in understanding issues of error,

quality and uncertainty in GIS data.

Availability of large quantities of spatial data in the form of digital aerial photograph, digital

remote sensing imagery, advancement of computer hardware, software and software

development, increasing demand of spatial information for management, and infrastructure

development parameters, lead to have a system to handle all these requirements. In order to

handle such data to meet these demands, to store, retrieve, handle, analyze, manipulate, and

display the results, it requires computer based system. Such a system is Geographical

Information System (GIS).

GIS Definitions and Terminology

GIS are decision support computer based systems for collecting, storing, presenting and

analyzing geographical spatial information. These systems are spatially referenced databases

giving users the potentiality to control queries over space, and usually through time. GIS is

much more advanced than Computer Aided Design (CAD) or any other spatial data system.

The basic output of GIS or spatial data analysis system is a map.



The need to analyze maps to compare and contrast patterns of earth related phenomena is

confirmed by the long standing tradition of doing so with traditional maps. Many

geographical phenomena are best described scientifically as fields. Good examples are

topographic elevations, air temperatures, and soil moisture content. A 2-dimensional field

may be defined as any single valued function of location in a 2-dimensional space and

discrete fields, with nominal dependent variables. It appears that any geographical

phenomenon can be represented either as a field or as a collection of digital objects. For

example, a set of states or revenue or administrative units like mandals within a country

would commonly be represented in a GIS as a set of areal objects, or as a set of linear objects

that form their boundaries. Fields can be digitally represented by vector approaches, but are

often represented by raster data structures.

Geographical Entities

Spatial analysis is a technology which typically requires two types of information about

spatial objects: attribute, and geographical or locational information. Given the diversity of

analytical perspectives within GIS it is difficult to define spatial data analysis The results of

such analysis depend upon the spatial arrangement of events. Events may be represented as

geographical entities associated with the attributes. The following sections highlight these

two types of information and their relationships. To the query, where the particular object is

with respect to any coordinate system, the answer is the spatial or geographical or locational

information.

To the query, what that particular object is, the answer is the attribute data. Alternatively, it

can be noted that the GIS consists of two types of data : spatial and attribute. 'Entities' are

things in the real world. 'Objects' are things in the digital world. Digital objects and

associated attributes and values represent geographical entities. The distinction between

entity and objects makes explicit the difference between things and their representations in a

formal system. The entity or the field model is more appropriate and are particularly

interesting for topographic elevations.

Topographic data normally are represented in GIS as fields, either through grid based digital

elevation models (OEMs) or as triangular tessellations. Robinson (1958) identified four kinds

of geographical quantities. They are point, line, area, and volume. There are three kinds of

cartographic symbols: point, line, and area. Robinson discusses 2-dimensional data on

'Mapping quantitative point, line, and area data', and separates volume data under the title

'Mapping 3-dimensional data'.



The frequency of geographical entities with indistinct boundaries has been known for some

time; yet vector GIS is tuned to represent entities with crisp boundaries, whereas raster GIS

does not represent entity boundaries at all. Thus, formal methods for the representation of

geographical entities with uncertain or graded boundaries is an important new area of study in

GIS.

Fuzzy set theory represents a possible approach to modelling entities with graded boundaries,

but it has problems. Geographical entities and classification of geographical entities into

categories is a well-known process both in everyday thinking and in scientific work. Various

subfields of geography have developed elaborate classifications for landforms, vegetation

assemblages, and settlements.

In brief, we can note that locational information about the spatial objects of concern are

generally described by means their position on a map or geographical coordinate systems.

Map Features are holding the spatial information of the geographic feature entities, such as,

the spatial location like latitude, longitude, x, y, z, shape of points like churches and tram

stops, lines like roads and creeks, and polygons like blocks of land and parks.

Attributes

Attributes are the characteristics of the map features, and holding of the descriptive

information about the geographic features. Attributes are the non-spatial data associated with

time and area entities. They are considered characteristics of entity. The GIS attributes are

represented using colours, textures, and linear or graphic symbols like the gardens. The parks

are shaded green, the church locations are designated using the special symbol, the bus routes

are drawn with a specific line width and style, as broken lines of 12 points width, Contour

lines are brown in colour, and so on. The actual value of the attribute that has been measured

(sampled) and stored in the database is called attribute value. A classical example of attribute

data associated with spatial entities of the environs of Hussain Sagar in Hyderabad may tell

us that, a point represents a hotel, a line represents the road and area represents the

boundaries of the lake. Each spatial entity may have more than one attribute associated with it

that is, a point representing the hotel may have a number of rooms, standard of

accommodation and other related information.

Broadly speaking two types of attributes may be distinguished: primary attributes and

secondary attributes. Socioeconomic characteristics, and physical properties of objects are

some of the examples of primary attributes. Flows of information levels, districts, capitals,

and mandal names are considered secondary attributes.



Topology

In GIS, topology is the term used to describe the geometric characteristic of objects which do

not change under transformations and are independent of any co ordinate system. The

topological characteristics of an object are also independent of scale of measurement

Topology, as it relates to spatial data, consists of three elements, namely, adjacency,

containment and connectivity. Topology may be defined as constituting those properties of

geometrical figures that are invariant under continuous deformation Broadly, topology can

be explained any two ways.

Firstly, topologically spatial relationships with the entity which are learned by human beings

at a very early age. Secondly, topology consists of metric aspects of spatial relations, such as,

size, shape, distance and direction. Many spatial relations between objects are topological in

nature, including adjacency, containment and overlap.

Adjacency and containment describe the geometric relationships which exist between area

features. Areas can be described as being adjacent when they share a common boundary. For

example, boundary of the area of municipal corporation of Hyderabad and Secunderabad is

common, or may be adjacent. Containment is an extension of the adjacency that describes

area features which may be wholly contained within another area feature, such as, an island

within a lake. Connectivity is a geometric property used to describe the linkages between line

features, like road network. The geometric relationship between spatial entities and

corresponding attributes are very crucial for spatial analysis and integration in GIS.

In other cases, metric properties, such as, distance or direction, expressed either quantitatively

or qualitatively, may determine the meanings of various terms. for example, both 'north of'

any 'near' normally refine the 'disjoint' topological relation, and are ill-defined for non-

disjoint entities. Spatial relations between disjoint entities, which neither touch nor overlap,

are characterized by a system of distinctions that is essentially independent of the system

used to describe and classify spatial relations for non-disjoint entities. Some of the spatial

relations between disjoint objects are distance, direction, and reference frames.

Distance may be pure Euclidean distance. In natural language 'hedge' words such as 'about'

are often associated with approximate numerical distance. Distance may be given in

qualitative rather than metric terms, dividing distance into just three categories: 'at', 'near', and

'far'. Direction may be either qualitative or quantitative. Direction is an orientation specified

relative to some reference frame. Directional relations are thought of as being between points.

Directions are not so straightforward between spatially-extended entities, since a large range

of directions may exist, between any point in one entity and any point in the other.



Reference frames are used in discourse and spatial reasoning. Geographically, in many

cultures, a reference frame based on cardinal directions seems, dominant for geographical

spaces, whereas viewer-centered or object-centered reference frames often dominate over

bodily or tabletop (,manipulatable) spaces and entities.

Congnitive Models

Both entities and fields exist in cognitive models. Entities are typically conceptualized as

being organized by dimensionality in points, lines, areas, volumes. Entities often have

indistinct boundaries, a fact which is at odds with typical GIS representation schemes.

Entities are also categorized, and since many aspects of nature from a continuum, categories

may be relatively arbitrary and thus subject to disparate cultural differences. Spatial relations,

on the other hand, seem to be very similar in disparate cultures and languages.

Congnitive spatial relations are predominantly topological but metric factors such as distance

and direction often refine the relations and characterize prototypical relations. There is a very

real sense in which all representations are cognitive. Mathematics is, after all a formalization

of how at least some people think. The cognitive view of spatial relations, however,

emphasizes the importance of human subjects being testing, preferably under laboratory-

controlled conditions, in defining the nature of the spatial representations that are needed for

geographical information systems and spatial analysis. Many geographical distributions, such

as, those of soil variables are inherently complex, revealing more information at higher

spatial resolution apparently without limit.

Geographical data modeling is the process of discrimination that converts complex

geographical reality into a finite number of database records or objects. Objects have

geographical expression as points, lines, and areas, and also possess descriptive attributes, for

example, collection of water samples from different wells, in which the location of the well

creates point object and associated water quality parameter is its attribute value. A major

difficulty arises in the case of the object models. Many geographical objects have inherently

fuzzy spatial extents. One common solution to this problem is to allow objects to have

multiple representations which depend on the scale. Six field models are in common use in

GIS:

(i) irregular point sampling

(ii) regular point sampling

(iii) contours

(iv) polygons

(v) cell grid modeling and (vi) triangular network models



The object models are commonly used to represent man-made facilities. For example, an

underground pipe more naturally represents as a linear object than as a value in a layer. Pipes

can cross each other in object model, but cause problems in a field model.

GIS Architecture

According to the definition proposed by Marble and Peuquet (1983), GIS deals with space-

time data, and often but not necessarily, employs computer hardware and software. GIS can

be understood as the subsystem nature within the framework of a main system. According to

these investigators, GIS has the following generic subsystems:

(i) A data input subsystem which is also called data capture subsystem

(ii) A data storage and retrieval subsystem

(iii) A data manipulation and analysis subsystem

'(iv) A reporting subsystem

Figure Subsystem nature of GIS (structural prespective)

Each of the subsystems has been described in terms of functions that the respective

subsystem performs. The data input/capture subsystem provides operational functions for

acquiring data. The data management or data storage and retrieval subsystem stores and

retrieves the data elements. The manipulation and analysis subsystem handles the

transformation of data from one form to another and derivation of information from the data.

The fourth subsystem output/reporting subsystem provides a way for the user to see the data

in the form of diagrams, maps, and/or tables.

Components of a GIS

Geographical Information Systems have three important components, namely, computer

hardware, sets of application software modules, and a proper organisational setup. These

three components need to be in balance if the system is to function satisfactorily.



GIS run on the whole spectrum of computer systems ranges from portable personal

computers to multi-user supercomputers, and are programned in a wide variety of

software packages. Systems are available that use dedicated and expensive work stations,

with monitors and digitizing tables built in. In all cases, there are a number of elements

that are essential for effective GIS operations.

Figure Hardware components of GIS

These include

(i) the presence of a processor with sufficient power to run the software

(ii) sufficient memory for the storage of large volumes of data

(iii) a good quality, high resolution color graphics screen

(iv) data input and output devices, like digitizers, scanners, keyboards, printers and

plotters.

The general hardware components of a GIS include control processing unit which is linked to

mass storage units, such as, hard disk drives and tape drives, peripherals such as digitizer or

scanner, printer or plotter and Visual Display Unit (VDU). There are a number of essential

software elements that must allow the user to input, store, manage, transform, analyze and

output data. Therefore, the software package for a GIS consists of four basic technical

modules.



These basic modules are:

(i) data input and verification,

(ii) data storage and database Management

(iii) data transformation and manipulation,

(iv)data output and presentation.

The GIS software package should have the capabilities performing all the four GIS

subsystems. The GIS hardware and software govern the way in which geographical

information can be processed but they do not themselves guarantee that any particular GIS

will be used effectively.

GIS Work Flow

There are five essential elements that a GIS must contain. They are data acquisition,

preprocessing, data management, manipulation and analysis, and product generation. For any

application of GIS, it is important to view these elements as a continuing process. The Figure

shows the work flow process of GIS in procedural perspective. Data acquisition is the process

of identifying and gathering the data required for any given application. This typically

involves a number of procedures.

One procedure might be to gather new data by preparing large-scale maps of natural

vegetation from field observations. Other procedures for data acquisition may include

locating and acquiring existing data, such as, maps, aerial and ground photography, and data

acquired by satellite sensing systems. Collection, input, and correction operations concerned

with receiving data into the system include manual digitizing, scanning, keyboard entry of

attribute information, and online retrieval from other database systems. It is at this stage that

a digital map is first constructed. The digital representation can never be of a higher accuracy

than the input data, although the mechanisms for its handling will frequently be capable of

greater precision than that achieved during data collection.

The essential preprocessing procedures include:

(a) format conversion,

(b) data reduction and generalization,

(c) error detection and editing,

(d) Merging of points into lines, and lines into polygons,

(e) Edge matching and tiling,

(f) Rectification/registration,

(g) Interpolation,

(h) Interpretation.



The functions of database management govern the creation of an access to the database

itself. These functions provide consistent methods for data entry, update, deletion, and

retrieval. Modern database management systems isolate the users from the details of data

storage, such as, the particular data organization on a mass storage medium. A modern

Database Management System (DBMS) is used to create GIS database, that is, attribute

database.

Storage and retrieval mechanisms include the control of physical storage of the data in

memory, disk or tape, and mechanisms for its retrieval to serve the needs of the other three

components. In a disaggregate GIS this data storage may be physically more from the rest .of

the system, and may meet the database requirements. This module includes the software

structures used to organize spatial data into models of geographic reality.

The development of new derived data layers, which may form the input to further analysis, is

an important function of any GIS.

Figure Workflow process of GIS (Procedural perspective)

The list of data manipulation and analysis operations are, (i) reclassification and aggregation

(ii) Geometric Operations: as rotation, translation and scaling, rectification, and registration

(iii) Controlled determination

(iv) Data structure conversion

(v) Spatial operations of connectivity and neighborhood operations

(vi) Measurement of Distance and Direction



(vii) Statistical analysis as descriptive statistics regression, correlation, and cross-tabulation

(viii) Modeling

This operation or subsystem represents the whole spectrum of techniques available for the

transformation of the digital model by mathematical means. A library of data-processing

algorithms is available for the transformation of spatial data, and incorporated in new visual

maps. Using these techniques it is possible to deliberately change the characteristics of the

data representation in order to meet theoretical requirements. It is equally possible to

mishandle or unintentionally distort the digital map at this state.

Product generation is the phase where final outputs from the GIS are created. These output

products might include statistical reports, maps, and graphics of various kinds. Some of these

products are softcopy images and hardcopy.

Map as Model

The map constitutes the language of simple geography as well as automated geography. As a

graphic form of spatial data abstraction it is composed of different grid systems, projections,

symbol libraries, methods of simplification and generalization, and scale. A map is the

representation of the features of the earth drawn to scale. The surface of the map is a

reduction of the real scenario.

Figure Comparison of real-world phenomena and the Cartographer' s conception

Point, line, area, and surface features with example



The map is a tool of communication and it has been in use since the days of the primitive

man who had to move about constantly in search of food and shelter. A map from any local

planning agency provides different kinds of information about the area. This map focuses on

the infrastructure and legal descriptions of the property boundaries, existing and planned

roadways, the locations of existing and planned utilities such as potable water, electric and

gas supplies, and the sanitary sewer system.

The planning map may not be of the same scale as the topographic map, the former probably

being drawn to a larger scale than the latter. Further, the two may not be necessarily based on

the same map projection. For a small area, the approximate scale of the data is probably more

important than he details of the map projection. As Robinson et al (1984) observe, "A map is

a very powerful tool and maps are typical reductions which are smaller than the areas they

portray". As such, each map must have a defined relationship between what exists in the area

and its mapped representation. The scale of a map sets limits on both the type and manner of

information that can be portrayed on a map.

Spatial Elements

Spatial objects in the real world can be thought of as occurring in four easily identifiable

types namely, points, lines, areas and surfaces as in figure. Collectively, these four features,

or various permutations and combinations of these four spatial features an form the human

phenomena or the spatial real world. Points, lines and areas can be represented by using

symbols to depict the real world. Surfaces are represented by any combination of these spatial

entities. In general, all the geographic surfaces are in two tangible forms, namely, discrete

and continuous. Trees, houses, road intersections and similar items are discrete spatial

features. A feature can be termed as discrete, if it occupies a given point in space and time,

that is , each feature can be referenced by its locational coordinates. All discrete features are

said to have a zero dimensionality but have some spatial dimension. The figure shows the

continuous spatial feature.

Figure Continuous versus discrete surface



The earth's surface occurs all around as natural features like hills, ridges, cliffs, and trenches,

which can be described by citing their locations, the area they occupy, and how they are

oriented with the addition of the third dimension. All these are considered continuous surface

features. These features are composed of an infinite number of possible height values

distributed without interruption across the surface.

A topographic map depicts several kinds of information both discrete and continuous.

Elevation on the site is portrayed as a series of contour lines. These contour lines provide us

with a limited amount of information about the shape of the terrain. Different kinds of man-

made features including structures and roadways are typically indicated by lines and shapes.

In many cases, the information on this map is five to fifteen years out of date, a common

situation resulting from the rate of change of land cover in the area and the cycle of map

updates. Each of these different kinds of information, which we may decide to store in

various ways, is called a theme. A topographic map describes the shape, size, position, and

relation of the physical features of an area. In addition to mountains, hills, valleys, and rivers,

most topographic maps also show the culture of a region, that is , political boundaries, towns,

houses, roads, and similar features.

Terminology

The terminology used in describing any kind of spatial/geographic features is discussed in

this section . Elevation or altitude is the vertical distance between a given point and the datum

plane. Datum plane is the reference surface from which all altitudes on a map are measured.

This is usually mean sea level. The height is defined as the vertical difference in elevation

between an object and its immediate surroundings. The difference in elevation of an area

between tops of hills and bottoms of valleys is known as relief of the terrain . A point of

known elevation and position usually indicated on a map by the letters B. M. with the altitude

given to the nearest foot is termed as bench mark.

A map line connecting points representing places on the earth's surface that have the same

elevation is called contour line. It thus locates the intersection with the earth's surface of a

plane at any arbitrary elevation parallel to the datum plane. Contours represent the vertical or

third dimension on a map which otherwise has only two dimensions. They show the shape

and size of physical features such as hills and valleys. A depression is indicated by an

ordinary contour line except that hachures or short dashes are used on one side and point

toward the center of the depression. The difference in elevation represented by adjacent

contour lines is termed as contour interval.



Maps are a very important form of input to a geographical information system, as well as a

common means to portray the results of an analysis from a GIS. Like GIS, maps are

concerned with two fundamental aspects of reality, locations and attributes. Location

represents the position of a point in a two-dimensional space. Attributes at a location are

some measure of a qualitative or quantitative characteristic such as land cover, ownership, or

precipitation.

From these fundamental properties a variety of topology and metric properties of relationship

may be identified including distance, direction, connectivity, and proximity.

Classification of Maps

Maps are thus the cartographer's representation of an area and a graphic representation of

selected natural and man-made features of the whole or a part of the earth surface on a flat

sheet of paper on a definite scale. Even though there are many different types of maps, all the

maps are broadly classified on the basis of two criteria, namely, scale and, contents and

purpose. On the basis of the scale, the map may be classified as either a small scale map or a

large scale map. Some of large scale maps, are cadastral or revenue maps, utility maps, urban

plan maps, transportation or network maps.

On the basis of the content, maps are classified either as physical maps considered as small

scale maps, or cultural maps. In the process of preparing a map one should remember that

inside a GIS, one is likely to encounter a greater variety of maps than one might have

expected on the basis of the subject matter.

Figure Choropleth map



In addition, based on the thematic content of GIS coverages, the maps can be termed as

thematic maps like vegetation maps, transportation maps, land use land cover maps, and

remotely sensed imagery. These thematic maps will be portrayed as prism maps, choropleth

map, point distribution maps, surface maps, graduated circle maps, and a host of other types.

Plate 1 shows land use/land cover hydrogeomorphological map of the Shivanngudem

watershed, which is a classical example of a thematic map.

Map Scale

By necessity, the process of representing geographic features on a sheet of paper involves the

reduction of these features. The ratio between the reduced depiction on the map and the

geographical features in the real world is known as the map scale that is the ratio of the

distance between two points on the map and the corresponding distance on the ground. The

scale may be expressed in three ways and the pictorial representation of these three types is,

shown in figure.

Figure Three different types of scale representation

Fractional scale: If two points are 1 km apart in the field, they may be represented on the

map as separated by some fraction of that distance, say 1 cm. In this instance, the scale is 1

cm to a kilometer. There are 100,000 cm in 1 km; so this scale can be expressed as the

fraction or ratio of 1:100,000. Many topographic maps of the United States Geological

Survey have a scale of 1:62,500; and many recent maps have a scale of 1 :31 ,250, and others

of 1 :24,000. In India, commonly used fractional map scales are 1:1,00,000,00; 1 :250,000, 1

:50,000; 1 :25,000 and 1 :10,000. The method of representing this type of scale is called

Representation Fraction (RF) method.

Graphic scale: This scale is a line printed on the map and divided into units that are

equivalent to some distance such as 1 km or 1 mile. The measured ground distance appears

directly on the map in graphical representation.



Verbal scale: This is an expression in common speech, such as, "four centimeters to the

kilometer", "an inch to a mile". This common method of expressing a scale has the advantage

of being easily understood by most map users.

The ratio and map scale are inversely proportional. Therefore, 1 :1,00,000 (large ratio) map is

considered a small scale. In this instance, the 'scale is 1 cm to a kilometer. As there are

100,000 cm in 1 km, this scale can be expressed as the fraction or ratio of 1 :10,000 (small

ratio) map is considered a large scale. The small scale maps depict large tracts of lands (such

as continents or countries) usually with a limited level of detail and a simple symbology.

Large scale maps can depict small areas (such as cities) with a richness of detail and a

complex symbology. The terms 'small scale' and 'large scale' are in common use. A simple

example helps illustrate the difference. Consider a field of 100 meters on a side. On a map of

1:10000 scale, the field is draw on 1 centimeter on a side. On a map of 1:1,000,000 scale, the

field is drawn 0.1 millimeter on a side. The field appears larger on the 1: 1 0000 scale map;

we call this a large-scale map.

Figure Effect of Scale-1 :250,000 vs 1 :50,000

Conversely, the field appears smaller on the 1:1,000,000 scale map, and we call this a small-

scale' map. Alternately, if we have a small area of the earth's surface on a page, we have a

large-scale map; if we have a large area of the earth's surface on a page we have a small-scale

map. The figure shows the effect of scale. On 1 :50,000 scale map (large), even small knicks

can be mapped whereas on 1 :250,000 scale the mapping of knicks is practically

impossible.Scale values are normally written as dimensionless numbers, indicating that the



measurements on the map and the earth are in the same units. A scale of 1:25,000,

pronounced one to' twenty five thousand, indicates that one unit of distance on a map'

corresponds to 25,000 of the same units on the ground. Thus, one centimeter on the map

refers to 25,000 centimeters (or 250 meters) on the earth. This is exactly the same as one inch

on the map corresponding to 25,000 inches (or approximately 2,080 feet) on the earth. Scale

always refers to linear horizontal distances, and not measurements of area or elevation.

An explanation of the symbols used on topographic maps is printed on the bottom of each

topographic sheet along the margin, and for other maps on a separate legend sheet. In general,

culture (artificial works) is shown in black. All water features, such as streams, swamps and

glaciers are shown in blue. Relief is shown by contours in brown. Red may be used to

indicate main highways, and green overprints may be used to designate areas of woods,

orchards, vineyards, and scrub.

Map Projections

Map projection is a basic principle of map making in that when projected on to a flat map,

objects on the earth's surface are distorted in some way, either in size, shape or in relative

location (Maling, 1980). When the information is digitized from a map, the recorded

locations will be often based on a rectangular coordinate system determined by the position

of the map on the digitizing table (star and Eastes, 1999): In order to determine the true earth

locations of these digitized entities, it is necessary to devise the mathematical transformation

required to convert these rectangular coordinates into the positions on the curved surface of

the earth as represented on the map. Mathematical formulae to convert map units into latitude

and longitude are available for most common projections (Snyder, 1987). Such mathematical

transformation functions are normally built into projection as it is mathematically produced

and is a two-fold process.

First by, an obvious scale change converts the actual globe to a reference globe based on the

desired scale. Secondly, the reference globe is mathematically projected on to the flat surface.

In this process of projection there is a change in scale. The representative fraction for the

reference globe called the principle scale can be calculated by dividing the earth's radius by

the radius of the globe. The scale divided by the principle scale, is by definition 1.0 at every

location on the reference globe. The process of transformation of three-dimensional space

into a two dimensional map inevitably distorts at least one of the properties, namely, shape,

area , distance or direction, and often more than one.

Therefore, the scale factor will differ in different places on the map. Map projection

properties can be evaluated by means of applying three principal cartographic criteria,



namely, conformity orthomorphic projections, equivalent projections, and equidistant

projections. The projection that retains the property of maintaining correct angular

correspondence can be preserved, and this is called angular conformity, conformal, or

orthomorphic projection.

The conformal type of projection results in distortions of areas leading to incorrect

measurements. The projections by which areas can be preserved are called equal area or

equivalent projections, the scale factor being equal to 1.0 mm. The projections by which the

distances are preserved are known as equidistant projections. These three criteria are basic

and mutually exclusive and other properties have only a peripheral importance. In fact, there

is no ideal map projection, but only the best representation for a given purpose can be

achieved.

Figure Concept of Map Projections

A special emphasis is laid on transforming the satellite data on to a map. One of the

requirements of the remotely sensed data is its ability to process an image from a generic

coordinate system on to a projected coordinate system. Projecting imagery from line and

pixel coordinates to the Universal Transverse Mercator (UTM) is an ; example in this regard .

This is particularly critical when different trends of information from a Geographical

Information Systems (GIS) are to be combined. The imagery must be accurately projected

and rectified by applying relevant map projections, a few basic concepts essential to the

understanding of a map projections.

To transfer the image of the earth and its irregularities on to the plane surface of a map, three

factors are involved, namely, a geoid, an ellipsoid or a datum with ellipsoid, and a projection.

The geoid is a rendition of an irregular spheroidal shape.



Figure Geoid Ellipsoid - Projection : Relationship

The variations in gravity are accounted for at this level. The observations made on the geoid

are then transferred to a regular geometric reference surface, the ellipsoid . Many countries

and organizations have calculated a variety of ellipsoids over the years.

Variation in ellipsoid calculations are in part due to different observations on the geoid from

different points upon the earth. The geographical relationships of the ellipsoid, still in a three-

dimensional form , are transformed into two-dimensional plane of a map by a process called

'map projection' or simply projection. As illustrated in Figure, the vast majority of projections

are based upon cones, cylinders and planes. Each of these formats has advantages and

disadvantages in terms of distortions and accuracy. Every flat map misrepresents the surface

of the earth in some way. No map can rival a globe in truly representing the surface of the

entire earth. However, a map or parts of a map can show one or more, but never all-of the

following : True shapes, true directions, true distances, true areas.

Grouping of Map Projections

All the map projections are grouped into four main families. They are,

(i) the family of planar projections

(ii) the family of cylindrical projections

(iii) the family of conical projections,

(iv) the family of azimuthal projections.

If we wrap a sheet of paper round the globe in the form of a cylinder, transfer the

geographical features of the globe on to it, and then unroll the sheet and, lay of on a flat

surface, we would achieve a cylindrical projection.



The resulting graticule would be rectangular. In conic projection, if we repeat the above

process, by wrapping the sheet of paper round the globe in the form of a cone, the resulting

graticule would be fan shaped. The cone can be either tangent to a chosen parallel or it may

intersect the plane along two parallels. Conic projections are specially suited to mapping

areas having east-west extents, such as, Canada, USA and China. If a sheet of paper is laid

tangent to a point on the globe and transfer the geographical features of the globe on to it, we

would achieve azimuthal projections that appear as straight lines inter secting at the

designated centre point, and parallels that appear as concentric circles round the centre point.

A combination of any two of the above projections forms an hybrid projection.

The classification of map projections should follow a standard pattern so that any regular

projection can be described by a set of criteria, and, conversely, a set of criteria will define a

regular projection. Thus a classification scheme may follow a number of criteria subdivided

into classes. Adler (1968) have named five basic criteria, as follows:

(i) Nature of the projection surface as defined by geometry,

(ii) Coincidence or contact of the projection surface with the datum surface,

(iii) Position or alignment of the projection surface with relation to the datum surface,

(iv) Properties of cartographic requirements, and

(v) Mode of generation of datum surface and coordinate systems.

The datum surface of the earth is usually an ellipsoid of revolution, but sometimes it is also

approximated by a sphere. Although this assumption that the earth is a sphere can be used for

small-scale maps to maintain the accuracy, for large scale maps the earth must be treated as a

spheroid. Coordinate systems are necessary for the expression of position of points upon the

surface, be it on an ellipsoid or a sphere or a plane. For the ellipsoid or the sphere the system

of longitude and latitude is expressed in degrees, minutes and seconds of arc. For the plane a

system of rectangular X and Y coordinates, sometimes referred to as Northings and Eastings,

is usually applicable.

Data Input and Editing

This topic introduces the method for getting data into the computer by a process known as

data encoding. The first step in developing the database for a geographical information

system is to acquire the data and to place them into the system. GIS must be able to accept a

wide range of different kinds and formats of data for input. There may be times when a given

user generates his own datasets. This, however, is, rare. Even so, getting data is one of the

greatest problems relating to operation and costs.



Kennedy and Guinn (1975) described the importance of the data in automated spatial

information systems as follows. While models which use the data are important to support the

decision-making activities of those who use the system, a large portion of the investment will

be in obtaining, converting, and storing new data. Spatial data, on the other hand, can be

obtained from many different sources and in a number of formats.

These data can be input for GIS using a number of different methods. For instance, maps may

be input by digitizing, scanning or direct file transfer. Aerial photographs may be scanned

into GIS and satellite images are downloaded from digital media. This topic looks in detail at

the range of methods available to get data into a GIS, the methods of storing the data,

detection of errors in the digital data base and editing them before using the data for GIS data

processing for any specific application like urban and regional planning, watershed

management, natural resources management and a wide range of environmental management

and assessment studies.

Figure The conceptual view of data stream in GIS

The data to be input for GIS are typically acquired in a diverse variety of forms. Some data

come in graphic and tabular forms. These would include maps and photographs, records from

site visits by specialists, related to non-spatial information from both printed and digital files

(including descriptive information about the spatial data, such as date of compilation, and

observational criteria). Other data come in digital form. These would include digital spatial

data such as computer records of demographic or land ownership data, magnetic tapes

containing information about topography and remotely sensed imagery. The data to be input

for GIS are of different forms.



These include key board entry or key coding, digitizing, scanning and digital data. The

process of data encoding and editing is often called as data stream. Often these data will

require manual or automated preprocessing prior to data encoding. For example, tabular

records may need to be entered into the computer system. Aerial photographs might require

photo interpretation to extract the important spatial objects and their relative location, a

digitizing process to convert the data to digital form, and numerical rectification algorithms to

convert the locations of significant features to a standard geo referencing system. Computer

programmers may need to help move digital datasets from one computer to another. Airborne

scanner data might require thematic classification and rectification before the data are

suitable for entry into GIS.

Other kinds of spatial data might be described as continuous fields, where we can

theoretically calculate or measure a value at any location. Examples of this class of data are

descriptions of elevation, plant biomass, or population density and many kinds of

demographic variables. Finally, an important class of spatial data involves dividing a portion

of the Earth's surface into relatively homogeneous discrete regions. A political map is

perhaps the most common example of this type, since it subdivides a portion of the Earth into

countries, states, and so forth. A similar way to subdivide the Earth would be to develop

classes of land cover and land use, indicating the boundaries of the different classes and the

characteristics within the boundaries.

There are a number of other important attributes of a dataset, including information about

accuracy and precision as well as the density of observations used to develop the entire

dataset. Regarding the latter, we may develop a large dataset based on a small number of

measurements and then use numerical models to infer values at many other locations. This is

commonly the case for elevation data sets as well as detailed demographic information.

From a very simple point of view, we can distinguish two different families of datasets, and

thus have an idea of the kinds of effort each requires before it is ready for use in a geographic

information system. Existing datasets are those that are already compiled and available in

some form.

The fact that they may require a great deal of effort to make them appropriate for a particular

use. In contrast, there are many circumstances where we must develop or generate the dataset

ourselves. In the second case while we may have complete control over the data gathering

process, we generally have much more work to do.



Existing Datasets

The data in analogue or digital form need to be encoded and is compatible with the GIS being

used. This would be a relatively straight forward exercise if all GIS packages used the spatial

and attribute data models.

However, there are different approaches to the handling of spatial and attribute data. There is

a great deal of spatial information available in the public domain for some parts of the world,

if you know where to begin to look. In India, much spatial data collected by government

agencies, including maps, photographs, and many kinds of digital data, are considered in the

public domain. Thus there are effectively no restrictions on access to this data except the

maps of restricted zones. In contrast, in many other parts of the world, spatial data are

considered the proprietary resource of the agency that collected the data, or may be controlled

for economic or security reasons.

The most common form of spatial data is a map. Maps of various kinds are in common use

for 'many kinds of spatial analyses. National agencies in many developed countries have

systematic collections of map products at various scales, and programs for distributing and

maintaining these resources. When appropriate maps are available, a digitizing process

permits us to extract the information from the flat map and place it into a digital computer.

Creation of Data

There will be times and circumstances in which it is necessary to develop your own datasets.

Existing information resources may not be relevant to the problem, or perhaps they are not

sufficiently current. There may also be datasets whose validity is unknown, thus forcing us to

collect our own data either to test the existing datasets or to replace them. These occasions

have a particular advantage in that they give us the opportunity to design the data acquisition

program to meet our needs. The usual disadvantage of such a program is, unfortunately, the

expense of designing, implementing, and managing the data-gathering task.

Constructing new datasets involves fieldwork of many kinds. Maps of terrain or -the location

of certain cultural features may need to be created. Details of plant and animal populations,

such as, noting the occurrences of different species or determining the age of distributions

within a population may be required for an environmental report.

Knowledge of the general trends in groundwater, elevation in an area, as well as changes

through the annual cycle of discharge and recharge, may be needed to site a water well or a

waste disposal facility. Sampling design is one of the important elements of any data

gathering plan where decisions are made about how to gather the data of interest.



Data Input Methods

Before explaining the input methods, it is necessary to make a distinction between analogue

(non-digital) and digital sources of spatial data. Analogue data are normally in paper form

and include paper maps, tables of statistics and hardcopy aerial photographs. All these forms

of data need to be converted to digital form before use in a GIS. Digital data like remote

sensing data are already in computer readable formats and are supplied on diskette, magnetic

tape or CD-ROM or across a computer network.

All data in analogue form need to be converted to digital form before they can be input into

GIS. There are four methods of data input which are widely used: keyboard entry, manual

digitizing, automatic digitization, and scanning.

Digital data must be downloaded from their source media and may require reformatting to

convert them to an appropriate format for the GIS being used. Reformatting or conversion

may also be required after analogue data have been converted to digital form. For example,

after scanning a paper map, the file produced by the scanning equipment may not be

compatible with the GIS, so it needs reformatting. For both the analogue and digital data,

keyboard entry method, manual digitizing and automatic digitizing and scanning methods are

very important as detailed below.

Keyboard Entry

Remote Sensing and GIS Keyboard entry, often referred to as key coding, is the entry data

into a file at a computer terminal. This technique is used for attribute data that are available

only on paper. The attribute data, 'once in digital format, are linked to the relevant map

features in the spatial database using identification codes. There are unique codes that are

allocated to each point, line and area feature in the dataset. The coordinates of spatial entities

like point, line and area features can be encoded by keyboard entry. This method is used

when the coordinates of these spatial entities are known and there are not too many of them.

If the coordinates are more in number, this data can be encoded using digitizing. The

procedure of keyboard entry can be used to enter land record information. This method leads

to obtain very high level of precision data by entering the actual surveying measurements.

This method is used for the development of cadastral information system.

Manual Digitizing

Manual digitizing is the most common method of encoding spatial features from paper maps.

It is a process of converting the spatial features on a map into a digital format. Point, line, and

area features that form a map, are converted into (x, y) coordinates.



A point is represented by a single coordinate, a line by a string of coordinates, and, when one

or more lines are combined with a label point inside an outline, then an area (polygon) is

identified. Thus digitizing is the process of capturing a series of points and lines. Points are

used for two different purposes: to represent point features or to identify the presence of a

polygon. Manual digitizing requires a table digitizer that is linked to a computer work station.

To achieve good results, the following steps are necessary. Before, discussing these steps, the

Description of digitizers is provided for the beginners in this field of technology. Digitizers

are the most common device for extracting spatial information from maps and photographs.

Figure Contemporary tablets using a grid of wires embedded in the tablet to

generate a magnetic field which is detected by the cursor

The position of an indicator as it is moved over the surface of the digitizing tablet is detected

by the computer and interpreted as pairs of x, y coordinates. The indicator may be a pen-like

stylus or a cursor. Frequently, there are control buttons on the cursor which permit control of

the system without having to turn attention from the digitizing tablet to a computer terminal.

The current most popular digitizer is contemporary tablets using a gird of wires embedded in

the tablet to a generate magnetic field which is detected by the cursor. The accuracy of such

tables are typically better than 0.1 mm which is better than the accuracy with which the

average operator can position the cursor. Sometimes the functions for transforming

coordinates are built into the tablet and used to process data before it is sent to the host.

The Digitising Operation

The map is affixed to a digitizing table. Three or more control points are to be identified and

digitized for each map sheet. These points should be those that can be easily identified like

intersections of major streets and prominent landmarks. The points are called reference points

or tics or control points.



The coordinates of these control points will be known in the coordinate system to be used in

the final data, such as, latitude and longitude. The control points are used by the system to

calculate the necessary mathematical transformations to convert all coordinates to the final

system. The more the control points, the better the accuracy of digitization.

Digitizing the map contents can be done in two different modes: point mode and stream

mode. Point mode is the mode in which the operator identifies the points to be captured

explicitly by pressing a button, and stream mode is the mode in which points are captured at

set time intervals, typically 10 per second, or on movement of the cursor by filed distance.

Most digitizing is currently done in point mode.

Problems with Digitizing Maps

The problems that come during the process of converting the maps into digital mode through

the process of digitization vary from one CAD operator to another. It depends upon the

experience and skill of the operator and density of points, lines and polygons of the map. The

accuracy of the output of the digitization also depends upon the selection and distribution of

the control points. Some of the commonly occurred problems during the digitization of any

paper map are as follows:

(i) Paper maps are unstable; each time the map is removed from the digitizing table, the

reference points must be re-entered when the map is affixed to the table again.

(ii) If the map has stretched or shrunk in the interim, the newly digitized points will be

slightly off in their location when compared to previously digitized points.

(iii) Errors occur on these maps, and these errors are entered into the GIS data base as

well.

(iv) The level of error in the GIS database is directly related to the error level of the

source maps.

(v) Maps are meant to display information, and do not always accurately record

vocational information.

Guidelines for Digitization

After digitizing or importing data from some other source, make sure that the data in that

class is free of spatial errors, that is ,

(i) All features that were to be digitized, were really digitized (no missing data).

(ii) All features that are there, should be there (no extra data). The features are in the right

place and the arcs have the correct shape.

(iii) All polygons have one, and only one, label point

(iv)All features are within the outer boundary.



This means that all the arcs outlining regions , are in the right place, have the right shape and

connect to the outer boundary. Also, each polygon should have a label point with a unique

identifier so that the code identifying its use, such as, agriculture, urban, and forest, can be

associated with it. These relationships are known as topological relationships. They make

those relationships digitally explicit, which we can see when looking at a map. Creating

topology for a class also creates the data-base table containing the descriptive data for the

class. Care should be taken to minimize errors by following the guidelines listed below :

(i) Locate TIC registration points and assign them a unique number. These must be

known points for which you can get real-world coordinates. Once established, the same

TIC points will be recorded and used for each separate manuscript.

(ii) Make a new boundary, slightly larger than the real one and then extend the internal

lines just beyond it. This ensures that data you digitize will completely fill your: study

area. Later, the real boundary of the study area will be used to clip all the data extending

beyond the edges.

(iii) When lines don't clearly intersect, indicate a definite intersection by specifically

marking node points on the manuscript. This helps establish consistent intersections.

(iv) Make sure all polygons close and have a single label point with a unique identifier or

identification code.

Scanning and Automatic Digitizing

Scanning is the most commonly used method of automatic digitizing. Scanning is an

appropriate method of data encoding when raster data are required, since this is the automatic

output format from most scanning software.

Figure Abokos colour scanner



Thus scanning may be used as a background raster dataset for the over-plotting of vector

infrastructure data, such as, pipelines and cables. A scanner is a piece of hardware for

converting an analogue source document to a digital raster format

There are two types of scanners,

(i) Flatbed scanner

(ii) rotating drum scanners.

The cheapest scanners are small flatbed scanners, and high quality and large format scanners

are rotating drum scanners in which the sensor moves along the axis of rotation. A digital

image of the map is produced by moving an electronic detector across the map surface. The

size of the map area viewed by the detector and scanning should be processed or edited to

improve the quality and convert the raster to vector after online digitization. The accuracy of

the scanned output data depends on the quality of the scanner, the quality of the software

used to process the scanned data, and the quality of the source document. A very important

feature that a GIS user should observe after scanning the paper map is the occurrence of

splines, which is black appearance on the scanned output. This can be removed by using a

process called thinning.

The resolution of the scanner used affects the quality and quantity of output data. The cheaper

flat-bed scanners have resolutions of 200-500 mm whereas the more expensive drum

scanners use resolutions of 10-50 mm. The higher the resolution, the larger the volume of the

data produced.

Data Editing

The storage and editing subsystem of GIS provides a variety of tools for storing and

maintaining the digital representation of study area. It also provides tools for examining each

coverage for mistakes that may have crept into our preparations. The input data that is

encoding may consist of a number of errors derived from the original data source as well as

errors that have been introduced during the encoding process. There may be errors in

coordinate data as well as in accuracies and uncertainty in attribute data. Before successfully

using the methods of data analysis for any specific application, it is better to intercept errors

before they contaminate the GIS database. The process of detecting and removing errors

through editing is called cleaning. The experience on the execution of a number of

operational projects made the author put all the errors into 3 groups:

(i) entity errors,

(ii) attribute errors,

(iii)entity-attribute errors.



They occur during the execution of the project using vector based GIS and attribute and

entity attribute agreement errors occur in the use of both raster and vector based GIS. Data

editing and cleaning of GIS database are covered under three subheads:

(a) Detecting and correcting errors

(b) Data reduction and generalisation

(c) edge matching and rubber sheeting.

Detecting and Correcting Errors

In any information system, facilities must be provided to detect and correct errors in the

database. Different kinds of errors are common in different data sources. To illustrate some of

the common varieties, WP; will discuss some of the errors that must be detected when

generating a vector dataset, whether developed from a manual digitization or an automated

digitization.

Polygonal areas, by definition, have closed boundaries. If a graphic object has been encoded

as a polygon (rather than a vector or point), the boundary must be continuous. Software

should be able to detect that polygon which is not closed. The causes for this kind of error

include encoding error (the object is a vector, rather than a polygon) and digitizing error.

With some systems, the boundaries between adjacent polygons may have to be digitized

twice - once for each polygon and either side of the shared vector. This also happens on more

advanced systems when the document cannot be digitized in a single session. Such systems

create slivers and gaps. Slivers occur when the adjacent polygons apparently overlap, and

gaps occur when there is an apparent space between adjacent polygons. Similar problems

occur when several maps are required to cover the area of interest. In this case spatial objects

may be recorded twice because of overlapping regions of coverage.

An arc-node database structure avoids this problem, since points and lines may be recorded

and then referenced by many different spatial objects. Errors of several kinds can appear in

the polygon attributes. An attribute may be missing or may be inappropriate in a specified

context.

The latter kind of error is often related to problems in coding and transcription, such as,

recording an elevation value into a land use data layer. Software to detect such errors is vital.

Care may be taken while digitizing, otherwise it is not possible to make the lines connect

perfectly. So making this spatial data usable really means making coordinate data error free

and topologically correct.



Errors in input data may be derived from three main sources: errors in the source data, errors

introduced during encoding, and errors propagated during data transfer, construction, and

conversion. For example, there may be subtle errors in a paper map source used for

digitizing. There may be printing errors in paper records as a source data. Topology makes

explicit the relationships between geographic features within any given class. This process

helps to identify errors that may exist in data. Some of the common errors that topology

construction can identify are: arcs that do not connect to other arcs, polygons that are not

closed, polygons that have no label point or too many label points, and/or user-Ids that are not

unique.

Constructing topology helps identify these errors because when constructing topology arc

intersections are created. The arcs that make up each polygon is identified and a label point is

associated with each polygon. Until topology was constructed, no polygon existed and arcs

that crossed each other were not connected at a node since there was no intersection. It is

essential to build topology in order to have spatial relationships between features. Each

feature, namely, point, segment, and region, is assigned a unique feature, Id.

There will be corresponding record for each feature in the attribute file. CLEAN deals with

only segments and regions, whereas BUILD performs operations on point, segment, and

region. Moreover before performing the BUILD, the data should be CLEANED. Most of the

digitizing errors can be identified by comparing the plot and the source. Examples of map

errors that may arise during the construction of topology, digitization, entering the data by

means of scanning and keyboard entry, and encoding, are presented in Table

Table Common errors in GIS database



Pseudo nodes occur where a single line connects itself (an island) or where only two arcs

interest. Pseudo nodes do not indicate an error. There can be pseudo nodes representing an

island or an intermediate point having an attribute data attached to it. A dangling node refers

to the unconnected node of a dangling segment. Every segment begins and ends at a node

point. So if a segment does not close properly (undershoot), or was digitized past an

intersection (overshoot), it will register a dangling node. There can be instances where

dangling nodes are representing some real-world feature. It is always better to have

overshoots. It is much easier than editing an undershoot.

Fixing errors is one of the most important steps in constructing GIS data base. Unless errors

are fixed correctly, your area calculations, any analysis and subsequent maps will not be

valid. For example, polygons that do not have a label point cannot have descriptive attributes

attached to them, and if a polygon is not closed, it will 'leak' into surrounding polygons when

trying to shade in it. Fixing errors simply means that missing data is added, and bad data is

removed and replaced by the correct data. For example, the Table explains the appropriate

action for the errors during the construction of a GIS database.

Table Error and Corresponding action to remove that error

Editing the spatial characteristics of a class alters the topology of the class. In such cases,

always reconstruct topology to reestablish the spatial relationships. After reconstructing the

topology, repeat the correction methods until the database is free from errors.

Raster Data Representation

In raster representation, the terrain is divided into a number of parcels or quantized the space

into units. A parcel or a unit is called a grid cell. Although a wide variety of raster shapes like

triangles or hexagons are possible, it is generally simpler to use a series of rectangles, or more

often squares, called grid cells. Grid cells or other raster forms generally are uniform in size,

but this is not absolutely necessary. For the sake of simplicity, we will assume that all grid

cells are of the same size and that, therefore, each occupies the same amount of geographic

space as any other.



Raster data structures do not provide precise locational information because geographic space

is now divided into discrete grids, as much as we divide a checkerboard into uniform squares.

Instead of representing points with their absolute locations, they are represented as a single

grid cell . This stepped appearance is also obvious when we represent areas with grid cells.

All points inside the area that is bounded by a close set of lines must occur within one of the

grid cells to be represented as part of the same area. The more irregular the area, the more

stepped the appearance.

In grid-based or raster GIS, there are two general ways of including attribute data for each

entity. The simplest is to assign a single number representing an attribute like a class of land

cover, for each grid cell location. By positioning these numbers, we, ultimately, are allowing

the position of the attribute value to act as the default location for the entity. For example, if

we assign a code number of 10 to represent water, then list this as the first number in the X or

column direction, and the first in the Y or row direction, by default the upper left grid cell is

the location of a portion of the earth representing water. The larger the grid cell , the more

land area is contained within it a concept called resolution . The coarser the resolution of the

grid, the less we know about the absolute position of points, lines, and areas represented by

this structure.

Figure Raster Graphic Data Representations



Raster structures, especially square grid cells, are pieced together to represent an entire area.

Raster data structure may seem to be rather undesirable because of the lack of absolute

locational information. Raster data structures have numerous advantages over other

structures. Notably, they are relatively easy to conceptualize as a method of representing

space. Remotely sensed data acquired by a sensor is one of the well-known examples of

raster data representation. In fact, the relationship between the pixel used in remote sensing

and the grid cell used in GIS allows data from satellites to be readily incorporated into raster-

based GIS without any changes. A characteristic feature of grid-based systems is that many

functions, especially those involving the analysis and modelling of surfaces and overlay

operations, are simple to perform with this type of data structure.

Figure Raster and vector spatial data models

The major disadvantages of the raster data structure are a reduced spatial accuracy, decrease

of the reliability of area and distance measures, and the need for large storage capacity

associated with having to record every grid cell as a numerical value. The raster spatial data

model is one of a family of spatial data models described as tessellations.



In the raster world individual cells are used as the building blocks for creating images of

point, line, area, network, and surfaces. The figure shows how a range of different features

represented by the five different entity types can be modelled using the raster approach.

Hotels are modelled by single and discrete cells, the tank bund is modelled by linking cells

into lines, the forest by grouping cells into blocks, and the road network by linking cells into

networks. The relief of the area has been modelled by giving every cell in the raster image an

altitude value. In the figure, the altitude values have been grouped and shaded to give the

appearance of a contour map.

Vector Data Representation

The second method of representing geographic space, called vector, allows us to give specific

spatial locations explicitly. In this method it is assumed that geographic space is continuous,

rather than being quantized as small discrete grids. This perspective is acquired by

associating points as a single set of coordinates (X and Y) in coordinate system ,lines as

connected sequences of coordinate pairs of points, and areas as sequences of interconnected

lines whose first and last coordinate points are the same. Anything that has a single (X, Y)

coordinate pair not physically connected to any other coordinate pair is a point (zero-

dimensional) entity.

A vector spatial data model uses two-dimensional Cartesian (x , y) coordinate system to store

the shape of a spatial entity. In the vector world the point is the basic building block from

which all spatial entities are constructed . The simplest spatial entity, the point, is represented

by a single (x, y) coordinate pair. Line and area entities are constructed by connecting a series

of points into chains and polygons.

The figure shows how the vector model has been used to represent various features. The more

complex the shape of a line or area feature, the greater the number of points required to

represent it. Selecting the appropriate number of points to construct an entity is one of the

major problems in vector based GIS data representation. In the vector data model, the

representation of networks and surfaces is very complex and closely linked to the way the

data are structured for computer encoding.

The representation of the vector data is much more representative and generally, we combine

the entity data with associated attribute data kept in a separate file through a database

management system, and then link them together. It means that the entity data and

corresponding attribute data in the form of tables can be stored and linked through a software

linkage.



Figure Vector graphic data representation

In vector data structures, a line consists of two or more coordinate pairs, again storing the

attributes for that line in a separate file. This is explained in the next section under vector

models. For straight lines, two coordinate pairs are enough to show location and orientation

in space. More complex lines will require a number of line segments, each beginning and

ending with a coordinate pair.

For complex lines, the number of line segments must be increased to accommodate the many

changes in angles. The shorter the line segments, the more exactly will they represent the

complex line. Thus we see that although vector data structures are more representative of the

locations of objects in space, they are not exact but are still an abstraction of geographic

space.

Comparison of raster and vector Data models

The traditional advantages and disadvantages of raster versus vector spatial data structures

have been documented by Kenndey and Meyers (1997). The basic issues include data

volume, retrieval efficiency, data accuracy, data display, correctness to perturbation, and data

manipulation, efficiency, and processing capabilities.

Comparisons of data volume between raster and vector systems are entirely dependent upon

the database elements, as well as considerations of accuracy and precision.



Table Comparison of raster and vector Data models

Reclassification

Reclassification is an important variation of the query idea in GIS and is used in place of a

query in raster GIS. Performing queries on a GIS database to retrieve data is an essential part

of most GIS projects. Queries offer a method of data retrieval which can be performed on

data that are part of the GIS database and on new data produced as a result of data analysis.

Queries are useful at all stages of GIS analysis for checking the quality of data and results

obtained. For example, a query may be used to obtain the information on the name and

address of the hotel in any city from the hotel database. There are two general types of

queries that can be performed with GIS, namely, spatial and aspatial. Aspatial queries are

those about the attributes of features. How many luxury hotels are there in Hyderabad city is

an aspatial query.

Boolean operators need to be used with care in creating the queries in GIS environment. In

raster GIS, the method of reclassification can be used in place of query to obtain information

under search from GIS database. Consider the raster land use image referred to plate 8. For

instance, we wish to extract the information on areas of parks. Based on query based GIS, ask



what is the area under parks. But to answer this query the answer could be obtained by

classifying the image. Reclassifications would result in a new image. For example, in a raster

image, if cells representing parks in the original image had a value of 20 , a set of rules

needed for the reclassification could be:

(i) Cells with values 20 (parks) should take the new value of 1

(ii) Cells with values other than 20 (other features) should take the new value 0.

As a result of this reclassification, a new image will be generated with all park areas coded

with value 1 and all areas that are not parks coded with value O. This is called a Boolean

image. The similar concept has already been discussed in MAP model of raster GIS.

Reclassification of this nature or conversion of raw image into Boolean image, produces a

two-code image which is very much useful in further analysis since it contains only value 1

and O. The resulting reclassified image is very much useful in application like forestry and

agriculture, land use/ land cover and environmental studies.

Other reclassification methods, namely, neighbourhood functions, filtering techniques

(rovihg windows), polygonal neighbourhoods, and extended neighbourhood method can also

perform this analysis method.

Buffering Techniques

Buffering is the creation of polygons that surround other points, lines or polygons. The user

may wish to create buffers to exclude a certain amount of area around point, line or polygon,

or to include only the buffer area in a study. A buffer is a polygon created as a zone of

influence around an entity or around individual objects or multiple objects.

The creation of buffer is based on the location, shape, characteristics of influential

parameters, and orientation of an existing object. However, a buffer can be more than just a

measured distance from any other two dimensional object and is controlled to some degree by

the presence of friction surfaces, topography, barriers, and so on. The creation of buffer also

influences its neighbours or the character of an entity.

This leads to the recalculation of cells in raster image based on characteristic of neighbours.

A buffer may be termed as point buffer, line buffer, and area buffer based on the type of the

entity; point, line, and area/polygon and the measure of the influence of an entity and its

corresponding application.



Figure  (a) Point Buffer (b) Line Buffer (c) Area Buffer

The creation of point buffer is very simple conceptually but poses complex computational

operations. Creating buffer zones around point features or entity is a circle simply drawn

around each point as centre and the area of influence under study as the radius of the circle.

Line buffers can be created by measuring a specified distance in all directions from the line

target object Plate shows the example of line buffer for the alignment of pipline. An area

buffer can be created by measuring the distance with an area measured from its outer

perimeter. Sometimes, there may even be a requirement for a buffer around a second buffer.

Such buffers are called doughnut buffer. Buffers are useful methods for analysing the

landscapes, environmental problem solving, water quality studies, road highways studies,

pipeline alignment studies and so on .

Overlay Analysis

Map overlay is an important technique for integrating data derived from various sources and

perhaps is the basic key function in GIS data analysis and modeling surfaces. Map overlay is

a process by which it is possible to take two or more different thematic map layers of the

same area and overlay them on top of the other to form a composite new layer. This

technique is used for the overlay of vector data (for example, pipelines) on a raster

background image (often a scanned topographic map) overlays where new spatial data sets

are created involving the merger of data from two or more input data layers to create a new

output data layer. There are some fundamental differences in operations and analyses in the

way map overlays are performed between the raster and vector worlds.



In vector-based systems map overlay is time-consuming, complex and computationally

expensive. In raster-based systems it is just quick, straightforward and efficient.

Figure GIS analysis procedure used for soil conservation studies

One of the most important benefits of an overlay analysis of GIS data is the ability to

spatially interrelate multiple types of information stemming from a range of sources. This

concept is illustrated in Figure where we have assumed that a hydrologist wishes to use GIS

to study soil erosion in a watershed. As shown, the system contains data from a range of

source maps (a) that have been geocoded on a cell-by-cell basis to form a series of land data

files or layers, (b) all in geographic registration. The analyst can then manipulate and overlay

the information contained in, or derived form, the various data files. In this example, we

assume the potential for soil erosion throughout the watershed involves the simultaneous cell-

by-cell consideration of three types of data derived from the original data files: slope oil

erodability, and surface runoff potential. The slope information can be computed from the

elevations in the topography file.

The erodability, which is an attribute associated with each soil type, can be extracted from a

relational database management system incorporated in the GIS. Similarly, the runoff

potential is an attribute associated with each land cover type. The analyst can use the system

to interrelate these three sources of derived data where combinations of site characteristics

indicate high soil erosion potential that is steep slopes and highly erodible soil cover

combinations.



Figure Three dimensional arrays used for coding map overlays in raster database

structure

The above example illustrates the GIS analysis function commonly referred to as overlay

analysis. The number, form, and complexity of other data analyses possible with a GIS are

virtually limitless. Such procedures can operate on the system's spatial data, the attribute data,

or both. For example, aggregation is an operation that permits combining detailed map

categories to create new, less detailed categories, like combining "dense forest" and "sparse

forest" categories into a single "forest" category. Because each cell in a two-dimensional

array can hold only one number, different geographical attributes must be represented by

separated sets of cartesian arrays, known as 'overlays'. The overlay idea for separating data is

not restricted to computer cartography, having been used by cartographers for a very long

time.

APPLICATIONS

Figure Example of GIS and CAC maps



Figure raster model

Figure Example of raster model vs vector model

Figure example of Digitizing of maps



POST TEST-MCQ TYPE

[1] _________is a generic term denoting the use of computers to create and depict digital

representations of the Earth's surface.

a) GIS

b) GPS

c) GPRS

d) DBMS

[2] _________ is a computerized database system for capture, storage, retrieval, analysis, and

display of spatial data.

a) DBMS

b) GPS

c) GPRS

d) GIS

[3] Which is a significant public domain GIS software developed by USA with substantial

capabilities for modeling?

a) DBMS

b) GPS

c) GRASS

d) GIS

[4] With the integration of  GIS ,which can be merged with other data in a GIS providing

real-time spatial information?

a) Aerial photogrammetry

b) Remotely sensed imagery

c) GRASS

d) Computer Assisted Design

[5] Which of the following deals with the photographs taken by an aerial camera on board

aircraft at different-altitude?

a) Aerial photogrammetry

b) Remotely sensed imagery

c) GRASS

d) Computer Assisted Design



[6] RF in GIS refers to

a) Ray Fraction method

b) Radio frequency method

c) Representation Fraction method

d) Radio Fraction method

[7] ____________provides software, techniques for data input, display and visualization, and

representation, particularly in 3-dimensions.

a) Artificial intelligence (AI)

b) DBMS

c) Radio Fraction method

d) Computer Assisted Design (CAD)

[8] Which uses the computer to make choices based on available data in a way that is seen to

enhance the human intelligence and decision-making?

a) Artificial intelligence (AI)

b) DBMS

c) Radio Fraction method

d) Computer Assisted Design (CAD)

[9] Surveying and Photogrammetry provide high quality data on positions of __________

a) Celestial objects

b) Comets

c) Galaxies

d) Cadastral objects

[10] Which type of data set is not used in GIS related software’s?

a) Vertex

b) Point

c) Poly line

d) polygon



[11] Among the available formats, which are most commonly used in case of GIS?

a) GIF

b) TIFF

c) JPEG

d) DXF

[12] The point data feature can be used to represent __________

a) Location

b) Area

c) 3D area

d) Volume

[13] The polygonal data feature uses which of the following data format?

a) Scientific character

b) Math

c) Character

d) Integer

[14] Which of the following justifies the usage of topology?

a) Terrain of the area

b) Geometry of the model

c) Climatic conditions

d) Atmospheric conditions

[15] Which of the following can be represented as an example of format error?

a) Silver polygons

b) Dongle nodes

c) Changing from raster to vector

d) Areal cover

[16] Which of the following can be used for representing a real world feature on two

dimensional surfaces?

a) Plan

b) Drawing

c) Scale

d) Map



[17] Which of the following sets represent the correct set of map classification?

a) Cadastral, thematic

b) Thematic, geographic

c) Cadastral, geographic

d) Geographic, topographic

[18] Which type of map can explain a particular feature in detail?

a) Cadastral map

b) Topographic map

c) Thematic map

d) Geographic map

[19] In which of the following ways, meridians are projected in cylindrical projection?

a) Mathematically

b) Geometrically

c) Horizontally

d) Vertically

[20] Which of the following is not a method of representation of the scale of the map?

a) Ratio method

b) Verbal method

c) Geographical method

d) Non-verbal method

[21] What is the common language interpreted in the CIM system?

a) Spanish

b) French

c) Italian

d) English

[22] Which of the following is not one of the software’s of GIS?

a) Arc GIS

b) RS GIS

c) Q GIS

d) Super GIS



[23] Swiss Alps farming can be monitored by using ________

a) Revit

b) Remote sensing

c) GIS

d) Auto CAD

[24] Which of the following is the right expansion of CIM?

a) Commerce Information Model

b) Common Information Model

c) Common Informational Modem

d) Common Information Modem

[25] Which of the following satellites can use OCS?

a) LISS-III

b) IRS-1B

c) IRS-1A

d) IIF

[26] Which of the following formats can be used for GIS output?

a) DXF

b) PDF

c) GIF

d) HTML

[27] Among the following, which do not come under the components of GIS?

a) Hardware

b) Software

c) Compiler

d) Data

[28] Which of the following acts a benefit of GIS?

a) Maintaining geo spatial data

b) Data sharing

c) Accurate data information

d) Presence of data retrieval service



CONCLUSION

In this unit, the student would have understood the concept of the geographic information

system and got an exposure towards organizational context in GIS. The maps and projections

used for GIS and its types were discussed. The different components, analysis using raster

and vector data in GIS were explained. The knowledge on data scanning, editing, reporting

and printing techniques used in GIS were acquired.
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ASSIGNMENT

1. List out the differences between raster and vector data models.

2. Find out what are the common errors that occur in GIS database

3. Identify as how data editing is done in GIS.

4. What are the necessary guidelines that   should be taken in to consideration in order to

minimize errors in GIS?

5. Describe the importance of GIS in planning.
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AIM & OBJECTIVES

 To provide students an exposure to Integration of GIS and Remote Sensing.

 To understand the basic concepts of Visual Interpretation of Satellite Images.

 To learn about Application of Remote Sensing and GIS.

 To acquire knowledge about Water resources and Urban Analysis.

PRE TEST-MCQ TYPE

[1] Soil is composed of ____________.

a) organic matter produced by organisms

b) fragments of bedrock

c) clay minerals formed by the chemical alteration of bedrock

d) all of these

[2] The total surface of water in the earth surface is_________________

a) 65%

b) 69%

c) 71%

d) 75%

[3] The biggest driver of deforestation is_______________

a) Agriculture

b) Forest fire

c) Volcanic activities

d) Soil erosion

UNIT V MISCELLANEOUS TOPICS – CONTENTS

Visual Interpretation of Satellite Images – Elements of Interpretation - Interpretation Keys

Characteristics of Digital Satellite Image – Image enhancement – Filtering – Classification -

Integration of GIS and Remote Sensing – Application of Remote Sensing and GIS – Urban

Applications - Integration of GIS and Remote Sensing – Application of Remote Sensing and

GIS – Water resources – Urban Analysis – Watershed Management – Resources Information

Systems



THEORY

Visual Interpretation of Satellite Images - Introduction

Remote sensing is the process of sensing and measuring objects from a distance without

directly coming physically into contact with them. According to the physics of remote sensing,

different surface objects return different amounts of energy in different wavelengths of the

electromagnetic spectrum. Detection and measurements of these energies, called, spectral

signatures enable identification of surface objects both from the air borne and from the

Spaceborne platforms. Remote sensing through airborne and satellite based sensors covers

surveying and monitoring which are essential for the planning and management of national

natural resources. This technology, integrated with traditional techniques, is emerging as an

efficient, speedy, cost effective and important tool for the national development efforts.

The study of land use, land cover or land form from the air has been a focus of interest since the

early days of aerial photography. It has been gaining momentum again with the availability of

new remote sensing techniques using aircraft and spacecraft as platforms with the capacity for

operating outside the visible part of the electromagnetic spectrum through microwaves (radar)

and thermal radiation. Thus photo interpretation is now complemented by the interpretation of

other kinds of imagery which are different from photography.

Visual Image Interpretation has now been changed to broad spectrum of 'image interpretation.

In order to derive the maximum benefits through the use of these new techniques, it is

important to ensure that planners and managers and other potential users appreciate properly the

value of this new tool through proper application of the principles and methodology of image

interpretation either by visual interpretation or by digital analysis.

This data can be collected by the remote sensing devices including passive and active systems

and employ different bands in the visible, near infrared, middle infrared and far infrared as well

as microwave regions. In the passive remote sensing, the reflected or emitted electromagnetic

energy is measured by sensors operating in different selected spectral bands where the original

source of energy is the sun. But in active remote sensing method the earth surface is illuminated

by an artificial source of energy. The emitted and reflected energy detected by the sensors

onboard are transmitted to the earth station. The data then it is processed (after various

corrections) and made ready for the users. The analysis of pictorial data can be performed

using visual image interpretation techniques. Visual image interpretation has been applied in

many fields including agriculture, archaeology conservation, engineering, forestry, geology,

geography, meteorology, military intelligence, natural resource management, oceanography,

soil science, and, urban and regional planning. Competence has been achieved in the use of this

technique, more particularly in areas like land use planning, wasteland mapping, land

evaluation, water quality monitoring, topographic mapping, and numerous other areas.



Types of Pictoral Data Products

The remote sensing data products are available to the users In the form of

(a) photographic products such as paper prints, film negatives, dispositive of black and white,

and false colour composite (FCC) on a variety of scales

(b) digital form as computer compatible tape (CCTs) after necessary corrections.

Broadly, satellite data products can be classified into different types based on satellite and

sensor, level of preprocessing and the media. Data products acquired for the specific period can

be generated if the data pertaining to the period of interest is available in archives. Depending

upon the corrections applied and on the level of processing, data products can be classified as :

raw data, partially corrected products, standard products, geocoded products, and precision

products. The raw data is radiometrically and geometrically uncorrected data with ancillary

information (stereo products for photogrammetric studies). Standard products are

radiometrically and geometrically corrected for systematic errors. Geocoded products are

systematically and geometrically corrected products. The systematic corrections are based on

the standard survey of India toposheet and rotation of pixels to align to true north and

resampled to standard square pixel.

Figure  Types of product media (NRSA, 1999)

Precision products are radiometric and geometric corrections refined with the use of ground

control points to achieve greater locational accuracy. Data products can be broadly classified

into two types depending upon the output media, as photographic and digital. The Figure shows

the types of products based on media. Photographic products can either be in black and white,

or colour. Further they could be either film or paper products, and in films it is possible to have

either positive film or negative film. The sizes of photographic products can vary depending on

the enlargement needed, and this is specified as 1X, 2X, 4X and so on.



The size of film recorders is generally 240 mm and this is the basic master output from which

further products are generated. When we say colour photographic products, it generally means

false colour composites (plate3). FCCs are generated by combining the data contained in 3

different spectral bands into one image by assigning blue, green and red colours to the data in

three spectral bands respectively during the exposure of a colour negative. The choice of band

combinations can be determined depending upon the application on hand.

Figure  Photographic products

Different types of photographic products supplied by National Remote Sensing Agency

(NRSA) data centre, Govt., of India (NDC) are: Standard B/W and FCC, films. Standard

products are available in colour, and black and white in the form of 240 mm films, either as

negatives or positives. Figure shows the various photographic products of different sizes and

different media of printing. Paper prints both Band Wand FCC are supplied in various scales.

They are 1 X (contact prints) , 2X (two times enlarged) and 4X (four times enlarged) and 5X (5

times enlarged). Depending upon the enlargement the scale of the product varies (IRS

handbook, 1998). The photographic products contain certain details annotated on the margins.

These are useful for identifying the scene, sensor, date of pass, processing level, band

combination, and so on. A list of details generally annotated on the images are given in Table.

Basically, the visual interpretation of the remote sensing data is based on the False Colour

Composites (FCCs). Even after the digital techniques, the results are visually interpreted.

Hence, this technique is very important and requires the specific training for the users.

Scientists, analysts and other users may interpret the same scene for different purposes. In fact

it is one of the rare sources of information which can generate multiple themes, such as , water

resources, soil, land use, and urban sprawl. The visual interpretation has become more

important to create spatial database for GIS.



Table Details generally annotated on the satellite imagery

Image Interpretation Strategy

Visual Image interpretation is a process of identifying what we see on the images and

communicate the information obtained from these images to others for evaluating this

significance. This process, however, is not restricted to making decisions concerning what

objects appear in images, but it also usually includes a determination of their relative locations

and extents. This requires the application of at least some of the elementary photogrammetric

measurement and mapping techniques. This topic concentrates on the use of standard data

products like aerial photographs, satellite single band imageries, false colour composites for

performing image interpretations to extract thematic information for subsequent input to a

GIS. Aerial photographs and satellite images contain a detailed record of the earth surface

features and the interpreter or image analyst examines these pictorial data products to extract

such features.

In addition to this cursory examination, the interpreter may also study other supplementary data

products, such as, maps, existing records, and reports of field work. Success in visual image

interpretation will vary with the training and experience on the pictorial data analysis, a study of

the nature of the terrain, quality of the data, and visual equipment used. If the interpreter has an

artistic and photographic sense, the information derived from the interpretation process may be

more authentic and reliable.

Levels of Interpretation Keys

The image interpretation process can involve various levels of complexity from a simple direct

recognition of objects in the scene to the inference of site conditions. An example of this can be

a national highway or a major river on the satellite imagery, more particularly on a false colour

composite. If the interpreter has some experience, the interpretation of these linear features,

road and river, may be straight forward. On the other hand, the interpreter has to adopt some

other image characteristics in order to infer the appearance of the objects on the image.



For example, interpretation of a IRS. ICLISS III false colour composite imagery for the I

dentification of 18 km pipeline from Patancheruvu to Amberpet of Hyderabad city, which

carries the industrial effluents, is an indirect approach. In this case the actual pipeline cannot be

seen, but there are often changes at the ground surface caused by the buried pipeline which are

visible on FCC. The appearance of a light -toned linear streak across the image is associated

with the highway: This leads the identification and mapping of pipeline from FCC. This is

supported by the field work, that is, the ground truth analysis. The process of interpretation

should also consider the dates to identify the ground-cover types. For example, crop

development stages or knowledge of crop-development stages (crop calendar) for an area would

determine if a particular crop is likely to be visible on an imagery of a particular date.

Keys that provide useful reference of refresher materials and valuable training aids for novice

interpreters are called image interpretation keys. These image interpretation keys are very much

useful for the interpretation of complex imageries or photographs. These keys provide a method

of organizing the information in a consistent manner and provide guidance about the correct

identification of features or conditions on the images.

Ideally, it consists of two basic parts

(i) a collection of annotated or captioned images (stereopalrs) illustrative of the features or

conditions to be identified

(ii) a graphic or word description that sets forth in some systematic fashion the image

recognition characteristics of those features or conditions.

There are two types of keys: selective key and elimination key. A selective key is also called

reference key which contains numerous example images with supporting text. The interpreter

selects one example Image that most nearly resembles the feature or condition found on the

Image under study. An elimination key is arranged so that the interpretation proceeds step by

step from the general to the specific, and leads to the elimination of all features or conditions

except the one being identified. Elimination keys are also called dichotomous keys where the

interpreter makes a series of choices between two alternatives and progressively eliminates all

but one possible answer.

This is a classical example of this type of key. This key gives more positive answers than

selective keys. But the elimination key sometimes gives more erroneous answers if the

interpreter is forced to make uncertain choice between any two unfamiliar image characteristics

This elimination key is used and successfully employed for agricultural studies, and forestry

applications. An important point is that, these keys are normally developed and used on a

region-by-region and season-by-season basis, that is these keys are dependent upon location

and season.



Figure Dichotomous airphoto interpretation key to fruit and not crops in the Sacramento

Valley, CA, designed for use with 1:6000 scale panchromatic aerial photographs

Therefore temporal aspects are also important for image interpretation because of changes of

the earth surface features. For example, vegetation growth and soil moisture vary during the

year. For crop identification, more positive results can be drawn from the interpretation of

multiperiod satellite Imageries Similarly, soil moisture conditions vary during the day or two

different seasons, the timing of Image acquisitions for soil studies being very critical.

Process of Image Interpretation

Image interpretation or analysis is defined as the "act of examining images for the purpose of

identifying objects and Judging their Significance". Interpreters study remotely sensed data and

attempt through logical process to detect, identify, classify, measure, and evaluate the

significances of physical and cultural objects, their patterns and spatial relationship. As

previously mentioned, the image interpretation is a complex process of physical and

psychological activities occurring in a sequence of time.

The sequence begins with the detection and Identification of Images and later by their

measurements. The image interpretation has various aspects which have overlapping functions.

These aspects are detection, recognition and identification, analysis, classification, and

idealization. The detection is a process of 'picking out' an object or element from photo or

image through interpretation techniques. It may be detection of point or line or a location, such

as, agricultural field and a small settlement. Recognition and Identification is a process of

classification or trying to distinguish an object by its characteristics or patterns which are

familiar on the image. Sometimes it is also termed as photo reading of water features, streams,

tanks, sands, and so on.



Analysis is a process of resolving or separating a set of objects or features having a similar set

of characters. In analysis, lines of separation are drawn between a group of objects and the

degree of reliability of these lines can also be indicated. Classification is a process of

identification and grouping of objects or features resolved by analysis.

Idealization is a process of drawing ideal or standard representation from what is actually

Identified and interpreted from the image or map, such as a set of symbols or colours to be

adopted in waste land maps, and geomorphic landforms.

There is no single "right" way to approach the interpretation process. The interpretation process

depends upon the type of data product, interpretation equipment and a particular interpretation

task undertaken. For example, in an application of land use/land cover mapping, the image

analyst need to commit various discrete objects like dwelling units, recreational areas, and so

on. In some other applications, the image analyst might survey large areas identifying

analogous conditions like the sources of pollution, entering a stream and areas of forest. In

some cases, interpreting process involves delineation of discrete areal units throughout the

images like mapping of various forest covers requiring the delineation of boundaries.

Figure Influence of minimum mapping unit size on interpretatlon- detail. (a) Forest types

mapped using a small MMU . 0, oak; M, maple; W, white pine, J, jack pine, R, red pine;

S, spruce (b) Forest types mapped using a large MMU' D, deciduous; E, evergreen

The interpreter should take care to draw the boundary not as a discrete edge, but as a fuzzy

edge. Before an interpreter undertakes the task of performing visual interpretation, two

important issues should be addressed. The first is the definition of classification system or

criteria to be used to separate the various categories of features occurring in the images. For

example, in the process of mapping of land use the analyst must firmly fix the level of

classification system and the specific characteristics which determine whether the area is

residential, industrial, or commercial. Similarly In the case' of forest resources, mapping under

various categories to be delineated in a particular species, should be defined before processing

the satellite data. The second important issue is the selection of minimum mapping unit

(MMU) to be applied on the image interpretation. MMU refers to the smallest size areal entity

to be mapped as a discrete area.



Selection of the MMU depends upon the application and the extent of detail mapped by an

interpreter. The minimum mapping unit for the forest mapping under various categories. In

some applications like land use land cover mapping, the interpreter might choose to delineate

photomorphic regions. The delineation of such regions often serves as a stratification tool in the

interpretation process.

Basic elements of image interpretation

A systematic study .of aerial photographs and satellite imageries usually involves several

characteristics of features shown on an image. The following characteristics (elements) are

called fundamental picture elements. These elements aid visual interpretation process of aerial

photos and/or satellite imagery.

(i) Tone

Ground objects of different colour reflect the incident radiation differently depending upon the

incident wave length, physical and chemical constituents of the objects. The imagery

as recorded in remote sensing is in different shades or tones. For example, ploughed and

cultivated lands record differently from fallow fields. Tone is expressed qualitatively as light,

medium and dark. In SLAR imagery, for example, the shadows cast by non-return of the

microwaves appear darker than those parts where greater reflection takes place. These parts

appear of lighter tone. Similarly in thermal imagery objects at higher temperature are recorded

of lighter tone compared to objects at lower temperature, which appear of medium to darker

tone. Similarly top soil appears as of dark tone compared to soil containing quartz sand. The

coniferous trees appear in lighter tone compared to broad leave tree clumps.

Tone, therefore, refers to the colour or reflective brightness. Tone along with texture and

shadow (as described below) help in Interpretation and hence is a very important key.

Differences in moisture content of the soil or rock result in differences in tone. In a black and

white photograph dark tone indicates dark bodies, namely, greater moisture contents and grey

or white tone reflect the dry soil.

The aerial photos with good contrast bring out tonal differences and hence help in better

interpretation. Tonal contrast can be enhanced by use of high contrast film, high contrast paper

or by specialized image processing techniques such as 'Dodging' or 'Digital Enhancement'.

Sometimes Infrared film can give better contrast but it can also reduce resolution and loss of

detail in shadows.

(ii) Texture

Texture is an expression of roughness or smoothness as exhibited by the imagery. It is the rate

of change of tonal values. Mathematically it is given as dD/dx where D is the Density and 'x'

the distance measured from one arbitrary starting point, and can be measured numerically by

the use of microdensitometer. Changes of density 'D' from point 'A' of the imagery to point 'B'



as measured by the micro-densitometer divided by the distance gives the texture values

numerically. Texture is dependent upon

(a) photographic tone

(b) shape,

(c) size,

(d) pattern and scale of the imagery.

Any slight variation of these can change the texture. Texture can qualitatively be expressed as

course, medium and fine. The texture is a combination of several image characteristics such as

tone, shadow, size, shape and pattern etc., and is produced by a mixture of features too small to

be seen individually because the texture by definition is the frequency of tonal changes. As

an example, leaves of a tree are too small to be seen on an aerial photo collectively along with

shadow they give what is called texture, which in turn helps to differentiate between shrubs and

trees. Texture sometimes can be very important factor in determining the slope stability. In the

case of a humid ground, the blockage of water or bad drainage a characteristic texture

results. Even spring and seepage of water from the base of clay give a kind of 'turbulant' texture

So is the case with mud flows. The term texture is also, sometimes, used to denote drainage

density and the degree of dissection of land surface.

(iii) Association

The relation of a particular feature to its surroundings is an important key to interpretation.

Sometimes a single feature by itself may not be distinctive enough to permit its identification.

For example, Sink holes appears as dark spots on an imagery where the surface or immediate

subsurface soil consists of lime stones, Thus the appearance of sink holes is always associated

with surface lime stone formation. An example is that of kettle holes which appear as

depressions on photos due to terminal moraine and glacial terrain. An another example is that

of dark-toned features associated with a flood plain of a river, which can be interpreted as

Infilled oxbow lakes.

(iv) Shape

Some ground features have typical shapes due to the structure or topography. For example air

fields and football stadium easily can be interpreted because of their finite ground shapes and

geometry whereas volcanic covers, sand, river terraces, cliffs, gullies can be identified because

of their characteristics shape controlled by geology and topography.

(v) Size

The size of an image also helps for its identification whether it is relative or absolute.

Sometimes the measurements of height (as by using parallax bar) also gives clues to the nature

of the object. For example, measurement of height of different clumps of trees gives an idea of



the different species, similarly the measurement of dip and strike of rock formation help in

identifying sedimentary formation. Similarly the measurements of width of roads help in

discriminating roads of different categories I e. national, state, local etc. Size of course, is

dependent upon the scale of imagery.

(vi) Shadows

Shadows cast by objects are sometimes important clues to their identification and

Interpretation. For example, shadow of a suspension bridge can easily be discriminated from

that of cantilever bridge. Similarly circular shadows are indicative of coniferous trees. Tall

buildings and chimneys, and towers etc., can easily be identified for their characteristic

shadows. Shadows on the other hand can sometimes render interpretation difficult i.e. dark

slope shadows covering important detail.

(vii) Site factor or Topographic Location

Relative elevation or specific location of objects can be helpful to identify certain features. For

example, sudden appearance or disappearance of vegetation is a good clue to the underlying

soil type or drainage conditions.

(viii) Pattern

Pattern is the orderly spatial arrangement of geological topographic or vegetation features. This

spatial arrangement may be two-dimensional (plan view) or 3-dimensional (space). Geological

pattern may be linear or curved. Linear pattern are formed of a very large number of continuous

or discontinuous short ticks which when viewed by eye appear to be continuous lines.

Examples of linear geological pattern are faults, fractures, joints, dykes, bedding planes,

anticlines etc.,

Examples of curved features are plunging anticlines and folds. Lineaments or lineations may

be short, medium or long running for several hundred kilometers. These are very important

expressions of the lithologic characters of the underlying rocks and the attitude of the rock

bodies, spacing of planes of bedding and other structural weaknesses and the control extended

by them over the surface features. Vegetation pattern may be of the 'Block' type or 'Alignment'

type.

The 'Alignment' type may be further subdivided into the Linear, Parallel and curved type.

Alignments are due to narrow rockbands or faults. Since faults retain moisture, vegetation is

aligned along the fault lines. Example of topographic pattern is the typical drainage patterns

(controlled and uncontrolled type). The uncontrolled types are those, which are purely governed

by topography, i.e., the slops whereas the controlled type are those, which are governed by the

underlying geological formations.



Figure Main drainage patterns

The well-known drainage patterns are:

(i) Dendritic

(ii) Trellis

(iii)Annular

(iv)Radial

(v) Rectangular

(vi) Parallel Type

(vii) Braided

(viii) Anastomotic

(xi) Asymmetrical

(x) Collinear

Drainage patterns take an important place amongst the various interpretation elements, used as

criteria for identification on geological and geomorphological phenomena. Factors to be

considered are amongst other, the density which is measured for the erodibility of the rocks; the

amount of geological control on the drainage pattern and the integration and homogeneity of the

pattern.



Key Elements of Visual Image Interpretation

Various terrain characteristics are very important to soil scientists, geologists,

geomorphologists, geographers, real estate developers, irrigation engineers, environmental

engineers and others who wish to evaluate the suitability of the terrain for various land uses.

These characteristics and the terrain conditions are also important for botanists, conservation

biologists, foresters, wild life ecologists and others concerned with vegetation mapping,

management and evaluation.

Knowledge of spatial database is important for planning and management activities and it is

considered an essential for modeling and understanding the earth as a system. As mentioned

frequently, the source of data collection for the creation of such a spatial database is remote

sensing system including photographic sensing systems. This spatial database along with the

corresponding attribute database (discussed in the subsequent chapters) can be used as an input

for Geographical Information System (GIS) for further analysis to deduce the results which can

be used for decision-making and developmental strategies. If the creation of spatial database is

based on the remote sensing data analysis, then the visual image interpretation (VIP) techniques

and/or digital image processing (DIP) techniques can be employed. The spatial database

consists of a number of thematic maps derived from different sources in general and from

remote sensing data in particular. If the source of such data is remote sensing system, then the

VIP and/or DIP analysis methods have to be applied and the second important source is existing

maps/toposheets.

The maps information layers namely land use/ land cover, hydrogeomorphology, soils, geology,

drainage network, road network, geomorphological units/landforms and other related maps can

be derived from satellite data, whereas layers of information like slope, contour, and watershed

boundaries are also considered spatial database and can be derived from other existing

maps/toposheets. One of the most important benefits of GIS is the ability to spatially interrelate

these multiple types of information layers stemming from a range of sources. Depending upon

the application area under study, the analyst may use the themes as per the requirements of the

GIS output. For example, a municipal administrator wishes to use GIS to study existing

conditions of a particular city. The set of thematic maps for this study contains data related to

land use, land cover, road network, drainage conditions, water distribution system, site selection

maps, and urban change detection maps.

In another example, a hydrologist may like to use GIS to study soil erosion in a watershed. This

system should contain the data or layers, namely, topography, soils, land use, land cover,

geology, ownership of the land and so on. Visual image interpretation of satellite imagery, in

general, and False Colour Composite (FCC) in particular is extensively used for generation of

thematic maps/layers, based on a systematic observation and evaluation of certain key elements.



They are topography, drainage pattern, drainage texture and density, erosion, image tone,

vegetation, and land use.

Table Topographic features based on reflection characteristics- Visual interpretation of

topographic features based on reflection characteristics of images

Drainage Pattern and Texture

The drainage pattern and texture seen on aerial and space images are indicators of landform and

bedrock type and suggest soil characteristics and site drainage conditions. The drainage pattern

which is a surface expression and can be discerned from the air photo or satellite image is a

clue/key to infer something about the subsurface phenomena. Figure shows six of the most

common drainage patterns that can be observed on different types of terrains: dendritic drainage

pattern, rectangular drainage pattern, trellis drainage pattern, radial drainage pattern, centripetal

drainage pattern and deranged drainage pattern.



Figure  Drainage patterns

Dendritic drainage pattern is a well-integrated pattern formed by a main stream with its

tributaries branching and rebranching freely in all directions. This type of drainage pattern

commonly occurs on relatively homogeneous materials, such as, horizontally bedded

sedimentary rocks and granite.

Rectangular drainage patterns are basically dendritic patterns and are modified by structural

bed rock control such that the tributaries meet at right angles to its main stream. This type can

be found on flat laying massive sand stone formations with a well-developed joint system.

Trellis drainage pattern consists of a number of streams having one dominant direction with

sub tributaries as right angles to it. It can be found in areas of folded sedimentary rocks. Radial

drainage patterns are formed from a central area and are radiated outward from this central area.

All the sub-streams radiate away from a single point. These can be found on an area full of

volcanoes and domes. Centripetal drainage pattern is the reverse of the radial drainage pattern .

It can be found in the areas of limestone, sinkholes, volcanic craters and other depressions.

Deranged drainage pattern is 1 a dis-ordered pattern , irregularly developed and directed

short streams, ponds, wetland areas, and glacial till areas. These six drainage patterns are called

destructional or erosional drainage patterns. The depositional constructional drainage patterns

are remnants (products) of origin of landforms such as alluvial fans and glacial outwash plains.



Drainage texture is a combination of drainage or integration of different kinds of drainage

patterns. Texture can be termed as "coarse textured and fine drainage patterns". Coarse textured

patterns develop where the soils and rocks have good internal drainage with little surface

runoff. Fine textured patterns develop where the soils and rocks have poor internal drainage and

high surface run-off. Also fine textured drainage patterns develop on soft, easily eroded rocks,

such as, shale, whereas coarse textured patterns develop on hard , massive rocks, such as,

granite.

Figure Coarse and Fine drainage texture

A measure of texture of the drainage pattern is texture ratio (T). It is defined as the ratio of the

highest number of stream order of a basin to perimeter of the basin (Vente Chow, 1979), and is

expressed as

T = N/P

where, N is highest number of stream order of a basin and

P is perimeter of the basin.

The high texture ratio indicates high runoff and low texture ratio indicates low runoff. For

example, the texture ratio of watershed shown in Figure lies between 0.9 to 3.5, and indicates

high runoff.

Drainage Density (Dd)

Drainage Density (Dd) is a measure of the texture of the drainage basin and is defined as the

ratio of the total stream length cumulated for all orders in the "basin to the basin area, that is

The difference in drainage density are commonly attributed to difference of rainfall or relief,

infiltration capacity of soil or terrain, and initial resistivity of the terrain to the erosion. The

low drainage density favoured generally in the regions of highly resistant or highly permeable

subsoil material under dense vegetative cover at low relief. On the other hand, in regions of

weak impermeable, subsurface material, sparse vegetation and mountainous relief favour high

drainage density.



Figure Drainage map of Bheemgal watershed

Horton (1932) classified steep impervious areas as those areas that have drainage density (Dd)

ranging between 0.90 to 1.29 km/sq. km, and the areas having drainage density values less than

0.93 km/sq. km as permeable high infiltration rates.

Long Bein (1941) suggested a range of drainage density from 0.55 to 2.09 km/sq.km in steep

impervious areas and in humid regions with stream density of 1.03 km/sq.km. Smith (1950) and

Strahler (1957) described Dd value less than 5.00 as coarse, between 5.0 to 13.7 as medium,

between 13.7 to 155.3 as ultrafine. So, high drainage density indicates low infiltration, high

runoff, high relief and impermeable stratum, while low drainage density indicates high

infiltration, low runoff, low relief and permeable stratum. For example, Dd of Racharla drainage

basin of Prakasam district, Andhra pradesh, India lies between 1.1 to 2.4 km/sq.km which in

turn indicates low infiltration, high runoff, high relief and impermeable stratum.

Erosion

Gullies are the smallest drainage features that can be seen in aerial photographs or imageries

and may be as small as a metre wide and 100 m long. Gullies result from the erosion of

unconsolidated material by runoff and develop where rainfall cannot adequately percolate into

the ground. These small gullies are sometimes called small rivulets.

Figure Gulley sections



These Initial rivulets enlarge and take on a particular shape. This shape is a characteristic

feature of the material type in which they are formed. These gullies are generally named as V -

shaped, U - shaped and gently rounded cross sections.

Image Tone

The term image tone refers to the brightness at any point in a photograph or space image. The

absolute value of the image tone depends not only on certain terrain characteristics but also

on photographic factors, such as, film, film filter combination, exposure and photographic

processing, image acquisition factors, spectral bonds used for both multispectral and

hyperspectral scanning, combination of bonds used for false colour composite, and data

processing methods. Image tone also depends on meteorological and climatological factors,

such as, atmospheric haze, sun angle and cloud shades. Because of these factors which are not

related to terrain, image interpretation should be based on relative tones instead of absolute

tonal values. The relative tone values are important because they often form distinct image

patterns that may be of great significance in image Interpretation.

Vegetation and Land Use

Vegetation and land use can be considered one of the most essential key elements as the

variations of vegetation and land use from one area to the other act as an indicator of terrain

condition. For example, coconut trees are generally located on deltaic regions, whereas truck

farming activities are often based on highly organic soils, such as, peat deposits. In almost all

applications of remote sensing and GIS knowledge of a land use / land cover is important, and

without this, the planning and management activities are biased. The land use / land cover is

considered an essential element for modeling and understanding the earth as a system. The use

of panchromatic, medium-scale aerial photographs to map land use has been an accepted

practice since the 1940's. More recently, small-scale aerial photographs and satellite images

have been utilized for land use/land cover mapping. The term land cover relates to the type of

feature present on the surface of the earth. Corn fields, lakes, maple trees, and concrete

highways are all examples of land cover types. The term land use relates to the human activity

or economic function associated with a specific piece of land. An example, of this is a tract of

land on the fringe of an urban area that may be used for a Single-family housing.

Concept of Converging Evidence

Terrain information can be derived from the visual image interpretation of aerial or space Image

through the identification, evaluation and analysis of all the above key elements. This image

interpretation process is like the work of a detective trying to put all the pieces of evidence

together to solve a mystery.



Figure Concept of converging evidence

Hence the information derived through the analysis of the above key terrain elements can be

converged and by combining all the evidences of image element identification, the inferences

can be drawn. The inferences will be useful for GIS data input, manipulation and analysis. The

process of converging the description of all the interpreted results or information’s of these key

elements is called "convergence evidence". The interpreter uses the process of convergence of

evidence to successfully increase the accuracy and details of the results of visual interpretation.

The key elements described above are the most commonly used elements for any application in

general. But based on the application, some more key elements derived from these fundamental

key elements may be required.

Characteristics of Digital Satellite Image

Basic Character of Digital Image

The basic character of digital image data is illustrated in Figure. Though the image shown in

(a) appears to be a continuous tone photograph , it is actually composed of two-dimensional

array of discrete picture elements or pixels. The intensity of each pixel corresponds to the

average brightness or radiance measured electronically over the ground area corresponding to

each pixel. A total of 200 rows and 200 columns of pixels are shown in Figure (a) Whereas the

individual pixels are virtually' impossible to discern in (a) they are readily observable in the

enlargements shown in (b) and a 20 row x 20 column enlargement is included in (c).Part (d)

shows the individual digital number (ON) corresponding to the average radiance measured in

each pixel shown in (c).



These values are simply positive integers that result from quantizing the original electrical

signal from the sensor into positive integer values using a process called analog-to-digital (A to

0) signal conversion.

Figure Basic character of digital image data

(a) original 200 x 200 digital image (b) enlargement showing 20 x 20 of pixels

Figure Basic character of digital image data

(c) 10 x 10 enlargment (d) digital numbers corresponding to radiance of each pixel



The figure is graphical representation of the A to D conversion process. The original electrical

signal from the sensor is a continuous analog signal shown by the continuous line plotted in the

figure. This continuous signal is sampled at a set time interval and recorded numerically at each

sample point (a , b, ..... , i, k) . The sampling rate for a particular signal is determined by the

least to twice the highest frequency presents in the original signal in order to adequately

represent the variation in the signal.

Figure Analog-to-digital conversion process

The figure illustrates the incoming sensor signal in terms of an electrical voltage value ranging

between 0 and 2 V. The DN output values are integers ranging from 0 to 255. Accordingly, a

sampled voltage of 0.46 recorded by the sensor would be recorded as a DN of 59. Typically, the

DNs constituting a digital image are recorded over such numerical ranges asO to 255, 0 to 511

,0 to 1023, or higher. These ranges represent the set of integers that can be recorded using 8-, 9-

, and 10 - bit binary computer coding scales, respectively (That is, 2 8 = 256, 2 9 = 512 , and 2

= 1024). In such numerical formats, the image data can be readily analyzed with the aid of a

computer. This is what we call radiometric resolution of remote sensing data.

A digital image is defined as a matrix of digital numbers (DNs). Each digital number is the

output of the process of analog to digital conversion . The image display subsystem carries out

the conversion operation, that of taking a digital quantity of an individual pixel value from an

image. Figure illustrates the surface of the ground divided into a number of parcels. Each parcel

of land can be represented as a pixel (picture element) on the image and each pixel is occupied

by a digital number and is called pixel value. This pixel value or digital number shows the

radiometric resolution of remote sensing data.

The use of computer-assisted analysis techniques permits the spectral patterns in remote sensing

data to be more fully examined. It also permits the data analysis process to be largely

automated, providing cost advantages over visual interpretation techniques. However, just as

human beings are limited in their ability to evaluate spectral patterns, computers are limited in

their ability to interpret spatial patterns.



Therefore visual and numerical techniques are complementary in nature, and consideration

must be given to the approach (or combination of approaches) that best fits a particular

application.

Figure Representation of land parcels with pixel locations and corresponding energy

levels / digital numbers

Satellite remote sensing data in general and digital data in particular have been used as basic

inputs for the inventory and mapping of natural resources of the earth surface like agriculture,

soils, forestry, and geology. The final product in most of the applications (classified outputs) is

likely to complement or supplement the map. Space borne remote sensing data suffer from a

variety of radiometric and geometric errors caused by satellite motion, the sensor system,

earth's rotation and so on. These distortions would diminish the accuracy of the information

extracted and reduce the utility of the data.

In order to update and compile maps with high accuracy, the satellite digital data have to be

manipulated using image processing techniques. The central idea behind digital image

processing is that, the digital Image is fed into a computer, one pixel at a time. The computer is

programmed to insert these data into an equation or a series of equations, and then store the

results of the computation for each pixel.

These results are called look-up-table (LUT) values for a new Image that may be manipulated

further to extract information of user's interest. Virtually, all the procedures may be grouped

into one or more of the following broad types of operations, namely,

(i) Preprocessing

(ii) Image Registration



(iii)Image enhancement

(iv)Image filtering

(v) Image transformation

(vi)Image classification

Image enhancement

Low sensitivity of the detectors, weak signal of the objects present on the earth surface, similar

reflectance of different objects and environmental conditions at the time of recording are the

major causes of low contrast of the image. Another problem that complicates photographic

display of digital image is that the human eye is poor at discriminating the slight radiometric or

spectral differences that may characterize the features. The main aim of digital enhancement is

to amplify these slight differences for better clarity of the image scene. This means digital

enhancement increases the separability (contrast) between the interested classes or features. The

digital image enhancement may be defined as some mathematical operations that are to be

applied to digital remote sensing input data to improve the visual appearance of an image for

better interpretability or subsequent digital analysis. Since the image quality is a subjective

measure varying from person to person , there is no simple rule which may produce a single

best result. Normally, two or more operations on the input image may suffice to fulfill the

desire of the analyst, although the enhanced product may have a fraction of the total

information stored in the original image.

As in many outer areas of knowledge, the distinction between one type of analysis and another

is a matter of personal taste and need of the interpreter. In remote sensing literature, many

digital enhancement algorithms are available. They are contrast stretching enhancement,

rationing, linear combinations, principal component analysis, and spatial filtering. Broadly, the

enhancement techniques are categorized as point operations and local operations. Point

operations modify the values of each pixel in an image data set independently, whereas local

operations modify the values of each pixel in the context of the pixel values surrounding it.

Point operations include contrast enhancement and band combinations, but spatial filtering is an

example of local operations. In this section, contrast enhancement, linear contrast stretch ,

histogram equalization, logarithmic contrast enhancement, and exponential contrast

enhancement are considered.

Contrast Enhancement

The sensors mounted on board the aircraft and satellites have to be capable of detecting

upwelling radiance levels ranging from low (oceans) to very high (snow or ice). For any

particular area that is being imaged it is unlikely that the full dynamic range of the sensor will

be used and the corresponding image is dull and lacking in contrast or over bright. In terms of

the RGB model, the pixel values are clustered in a narrow range of grey levels.



If this narrow range of gray levels could be altered so as to fit the full range of grey levels, then

the contrast between the dark and light areas of the image would be improved while

maintaining the relative distribution of the gray levels. It is indeed the manipulation of look-up

table values. The enhancement operations are normally applied to image data after the

appropriate restoration procedures have been performed. The most commonly applied digital

enhancement techniques will be considered now. The sensitivity of remote sensing detectors

was designed to record a wide range of terrain brightness from black asphalt and basaltic rocks

to White Sea ice under a wide range of lighting conditions. In general, few of the scenes have

the full brightness range to produce an image with optimum contrast ratio it is inevitable to

utilize the entire dynamic range. Digital contrast enhancement is thus of prime importance. The

objective of contrast stretching is to expand the narrow dynamic range of gray values (digital

numbers) typically present in an input image. A variety of contrast stretching algorithms is

available and is broadly categorized as linear contrast stretching and non-linear contrast

stretching.

Spatial Filtering Techniques

A characteristic of remotely sensed images is a parameter called spatial frequency, defined as

the number of changes in brightness values per unit distance for any particular part of an image.

If there are few changes in brightness value over a given area it is termed as a low frequency

area. If the brightness values changes dramatically over very short distances, this is called high

frequency area. Algorithms which perform image enhancement are called filters because they

suppress certain frequencies and pass (emphasise) others. Filters that pass high frequencies

while emphasizing fine detail and edges called high frequency filters, and filters that pass low

frequencies called low frequency filters.

Filtering is performed by using convolution windows. These windows are called mask,

template filter or kernel. In the process of filtering, the window is moved over the input image

from extreme top left hand corner of the scene.

The discrete mathematical function transforming the original input image digital number to a

new digital value. First it will move along the line. As soon as the line is complete, it will restart

for the next line for covering the entire image.

The mask window may be rectangular (1 x 3, or 1 x 5 pixels) size or square (3 x 3, 5 x 5 or 7 x

7 pixels size). Each pixel of the window is given a weightage. For low pass filters all the

weights in the window will be positive and for high pass filter all the values may be negative or

zero, but the central pixel will be positive with higher weightage value. In the case of high pass

filter the algebraic sum of all the weights in the window will be a zero. Many types of mask

windows of different sizes can be designed by changing the size and varying weightage within

the window.



The simplest form of mathematical function performed in filtering operation is

neighbourhood averaging. Another commonly used discrete function is to calculate the sum

of the products given by the elements of the mask and the input image pixel digital numbers

of the central pixel digital number in the moving window.

Some of the most commonly used filtering techniques are given below.

(i) Low Pass Filters

(ii) Median Filter

(iii)High Pass Filters

(iv)Filtering for Edge Enhancement

Image Classification

Image classification is a procedure to automatically categorize all pixels in an image of a terrain

into land cover classes. Normally, multispectral data are used to perform the classification of

the spectral pattern present within the data for each pixel is used as the numerical basis for

categorization. This concept is dealt under the broad subject, namely, Pattern Recognition.

Spectral pattern recognition refers to the family of classification procedures that utilises this

pixel-by-pixel spectral information as the basis for automated land cover classification. Spatial

pattern recognition involves the categorization of image pixels on the basis of the spatial

relationship with pixels surrounding them. Image classification techniques are greuped into two

types, namely supervised and unsupervised. The classification process may also include

features, such as, land surface elevation and the soil type that are not derived from the image.

A pattern is thus a set of measurements on the chosen features for the individual to be

classified. The classification process may therefore be considered a form of pattern recognition,

that is, the identification of the pattern associated with each pixel position in an image in terms

of the characteristics of the objects or on the earth's surface.

Supervised Classification

A supervised classification algorithm requires a training sample for each class, that is, a

collection of data points known to have come from the class of interest. The classification is

thus based on how "close" a point to be classified is to each training sample. We shall not

attempt to define the word "close" other than to say that both geometric and statistical distance

measures are used in practical pattern recognition algorithms. The training samples are

representative of the known classes of interest to the analyst. Classification methods that relay

on use of training patterns are called supervised classification methods.

The three basic steps involved in a typical supervised classification procedure are as follows :

(i) Training stage: The analyst identifies representative training areas and develops numerical

descriptions of the spectral signatures of each land cover type of interest in the scene.



(ii) The classification stage: Each pixel in the image data set IS categorized into the land cover

class it most closely resembles. If the pixel is insufficiently similar to any training data set it is

usually labeled 'Unknown'.

(iii) The output stage: The results may be used in a number of different ways. Three typical

forms of output products are thematic maps, tables and digital data files which become input

data for GIS. The output of image classification becomes input for GIS for spatial analysis of

the terrain. Figure depicts the flow of operations to be performed during image classification of

remotely sensed data of an area which ultimately leads to create database as an input for GIS.

Plate 6 shows the land use/ land cover colour coded image, which is an output of image

classification.

Figure Basic steps supervised classification

There are a number of powerful supervised classifiers based on the statistics, which are

commonly, used for various applications. A few of them are a minimum distance to means

method, average distance method, parallelepiped method, maximum likelihood method,

modified maximum likelihood method, baysian's method, decision tree classification, and

discriminant functions. The principles and working algorithms of all these supervised classifiers

are available in almost all standard books on remote sensing and so details are not provided

here.  Since all the supervised classification methods use training data samples, it is more

appropriate to consider some of the fundamental characteristics of training data.

Training Dataset

A training dataset is a set of measurements (points from an image) whose category membership

is known by the analyst. This set must be selected based on additional information derived from

maps, field surveys, aerial photographs, and analyst's knowledge of usual spectral signatures of

different cover classes. Selecting a good set of training points is one of the most critical aspects

of the classification procedure. These guidelines are as following:



(i) Select sufficient number of points for each class. If each measurement vector has N features,

then select N+1 points per class and the practical minimum is 10*N per class. If the class

shows a lot of variability (the scatter plot showing considerable spreading or scatter among

training points), select a larger number of points, subject to practical limits of time, effort and

expense. The more the training points, the better the "extra points" to evaluate the accuracy of

the classifier.

Figure Flow Chart showing Image Classification

The more the points, the more accurate the classification will be.

(ii) Select training data sets which are representative of the classes of interest that show both

typical average feature values and a typical degree of variability. For each class, select several

training areas on the image, instead of just one. Each training area should contain a moderately

large number of pixels. Pick training areas from seemingly heterogeneous or appearing

regions. Pick training areas that are widely and spatially dispersed, across the full image. For

each class, select the training areas which are uniformly distributed across the image and with

high density.

(iii) Check that selected areas have unimodel distributions (histograms). A bimodal histogram

suggests that pixels from two different classes may be included in the training sample.

(iv) Select training sets (physically) using a computer-based classification system:



Poorest method: Using coordinates of training points or training regions directly.

Better method: using joystick, trackball, light pen, directly on the image.

For example. EASI/PACE : The program should show the histograms, mean and

standard deviations for each region selected, and for each class in total.

The Program should allow to iterate; do classification using one set of training points,

then come back and modify training sets and class definitions without starting all over

again. There should be options to combine classes from previous classification.

(v) The program should allow one to designate half of the points as training points, and

the other half to test the accuracy of the trained classifier. Before it is used, the training set

should be evaluated by examining scatterplots and/or histograms for each class. It should show

unimodel distributions, hopefully approximating normal distributions. If not unimodel, one may

want to select new training sets. After the discriminant functions and the classification rule is

derived, accuracy must be tested.

Two acceptable techniques which are commonly used are:

(a) Designate a randomly selected half of the training points as test points, before developing

classifier. Use the other half for training. Then classify the half of the data not used for training.

Develop contingency table (confusion matrix) to indicate probability of error in each class. This

procedure is actually a measure of the consistency of the classifier.

(b) Randomly select a set of pixel regions from the image of an unknown class. Classify them

using the discriminant function and rules developed from the training set. Then verify the

correctness of the classification (again with a confusion matrix) by checking the identity of

these regions using external information sources like maps and aerial photos.

(vi)Separability of classes: So far, we have looked at an ideal situation where there is no

overlap between different classes. In reality the classes are likely to overlap. It can be seen that

the less the overlap between classes the lower the chance of misclassifying a given pixel.

Classes that have little overlap is said to be highly separable.

Unsupervised Classification

Unsupervised classification algorithms do not compare .points to be classified with training

data. Rather, unsupervised algorithms examine a large number of unknown data vectors and

divide them into classes based on properties inherent to the data themselves. The classes that

result stem from differences observed in the data. In particular, use is made of the notion that

data vectors within a class should be in some sense mutually close together in the measurement

space, whereas data vectors in different classes should be comparatively well separated. If the

components of the data vectors represent the responses in different spectral bands, the resulting

classes might be referred to as spectral classes, as opposed to information classes, which

represent the ground cover types of interest to the analyst.



The two types of classes described above, information classes and spectral classes, may not

exactly correspond to each other. For instance, two information classes, corn and soya beans,

may look alike spectrally. We would say that the two classes are not separable spectrally. At

certain times of the growing season corn and soya beans are not spectrally distinct while at

other times they are. On the other hand a single information class may be composed of two

spectral classes. Differences in planting dates or seed variety might result in the information

class" corn" being reflectance differences of tasseled and un tasseled corn. To be useful, a class

must be of informational value and be separable from other classes in the data.

Urban and Municipal Applications

Introduction

The administrators of city or a town adopt two approaches to evaluate the urban places and the

impact of urbanization. The first approach undertakes the study of size, function, growth rate,

and tributary area of cities in the general fabric of settlements. The second approach deals with

the internal structure of cities and the related factors, which control the layout and buildings, the

character and intensity of land use, the movement of persons and goods between various

functional areas. The land use planning is a part of larger process of city planning. It is basically

concerned with location, intensity, and amount of land development required from various

space using functions of city life, such as, industry, wholesaling business, housing, recreation,

education, and religious and cultural activities of the people. The study of urban land use and its

planning is of considerable significance in the overall planning of urban places like Hyderabad

city.

Decline and decay of our cities calls for all policy makers, administrators and politicians to stop

destructive forces of the urban development and to forge alliances among all local and national

forces which are concerned with the social, political, economic, ecological, physical and

cultural development of our cities and towns. Despite the claims that developments in

communications imply that the cities are going to lose their function and will change

dramatically, it cannot be predicted that the new paradigm of the 'information city' will only

represent another device of those who do not have access to information technology.

Today nearly half of the world's population lives in cities. In developing countries people are

deserting rural areas while population is rising rapidly. In less than 20 years from now, these

two factors will combine to drive over two billion people into urban areas, which in some cases

are already overcrowded. Most urban growth falls outside formal planning controls, thus

increasing economic and social pressures and health and hygiene problems. "Urban growth and

rural depopulation are going to be the main issues of this millennium and their impact will be

felt in many areas, like water resource management.



To resolve this problem, we must identify and distinguish zones that can or cannot prevent

urban densification. To keep track of urban growth, objective data are necessary on population

Influx to assess the impact of growth and to plan development actions. It is also necessary to

analyse urban encroachment on arable land, so that we can plan and upgrade infrastructures, to

update land use and land cover maps, and much more. The rate of urban growth in the modern

era is making it increasingly difficult to keep track of populations, and traditional survey and

census methodologies are proving inadequate. Not only are censuses time-consuming and

costly, but the sheer pace of growth in the world's cities means that information collected is

virtually obsolete even before it reaches our desks. As censuses are generally carried out every

ten years, they are of limited use for monitoring populations. It is in this context that urban

planners require nearly continuous acquisition of data to formulate government policies and

programs. These policies and programs might range from the social, economic and cultural

domain to the context of environmental and natural resource planning. The role of urban

planners and municipal administrators is becoming increasingly more complex. Consequently

there is an increased need to have timely, accurate, and cost effective sources of data in

different forms.

The Role of Satellite Imagery and other Data Sets

The need for recent data to conduct detailed spatial analysis means that urban planning

departments are increasingly turning to satellite for a broad picture of urban areas untrammeled

by boundaries on the ground. Satellite image resolution is currently good enough to produce

maps at scales of 1 ;1,00,000,1: 390 Urban and Muncipal Applications 50,000, 1 :25,000, and

1: 10,000 in certain cases. Satellite imagery is a vital source of global, frequently update and

reliable information for producing and updating maps.

Satellite data are easily integrated in Geographic Information System (GIS) and are an ideal

tool for change detection in urban areas. The utility of satellite imagery is further enhanced

when combined with other data. For example Photo-interpreters can analyze high resolution

satellite imagery to identify homogeneous habitat zones, and then survey them using aerial

photography to refine their analysis in conjunction with field surveys.

Multidate satellite imagery is also well suited for detecting change in land use and land cover at

intervals of 5, 10 and 15 years. Keeping track of change over time is vital to provide accurate

input for planning guidelines, and here again the IRS, SPOT, IKONOS satellite .systems, have

much to offer. For example, in Africa, on average 30% of the territory is covered by zones like

towns and farmlands generating economic value. Our global archive contains over seven

million scenes. That means, we can provide images of Johannesburg acquired weekly for over

ten years.



If the archive doesn't meet requirements, we program the satellites to acquire fresh imagery.

Local government agencies need accurate and regularly update geographic information for

immediate use. It must be pre interpreted and be ready for retrospective analysis and land use

change detection. A number of local authorities have already adopted the remote sensing data

products to help planning departments make the right decisions concerning large areas

experiencing rapid change, because it lets them compare observed patterns of change at

different dates. Thus high resolution satellite data provides a clear picture of urban and

agricultural land use. With very high resolution (VHR) imagery, we will be able to move

inwards from the semi-urban fringes and zoom in on urban centres, where data will have to be

refreshed very frequently.

The Indicator Function of Urban Land Uses

There is a casually quoted statistic that roughly half of all GIS implementations fail. Most

failures are related to institutional issues, resistance to change, lack of political support,

insufficient funding, and the fact that GIS innovation results in a radical change in information

flow within an organization. The spatial information component of a project needs to be an

integral part of overall project design from the beginning.

Insertion of a GIS can be well executed and products generated will be effectively used. The

user needs assessment, training, data collection, pilot project, and a complete project success.

An awareness of spatial data products and analysis capabilities typically needs to be cultivated

in end-users early on, in order for these products to be used to their fullest.

The user needs assessment is a vital component of GIS implementation within a municipality.

Thoroughly exploring potential data sources, integrating the GIS with more traditional

information management within the municipality, and promoting an understanding of spatial

information and analysis capabilities early-on are crucial to project success. It is also important

to explore whether there have been previous GIS initiatives within a city, and whether there are

any project remnants (equipment, trained staff, or digital data sets) which can be utilized.

Analysis of the land use pattern with regard to the major functional areas of land use in a city,

and how they change over the years, is the basis of urban ecology. Urban ecology is a term, that

the sociologist has adopted from the biological sciences to describe the physical change process

in the city. It concerns the physical, spatial, and material aspects of urban life. It is also

connected with the interrelation of living things and their environment. These ecological factors

of land use thus can be explained in terms of "ecological processes" with their physical context

and "organizational process" with their social structure context.

This approach considers the existing land use pattern as an outcome of the interacting

determinants. The main idea is that in analyzing the pattern by considering related contexts, the

determinants and their way of action can be identified.



It is then possible to view the changes through the time and the evolution of context. In a

further development some land uses or combination of a set of land uses could be recognized as

indicators for analyzing the land use pattern. This indicator function has considerable appeal in

land use analysis and planning procedure to cope with the scale and rationale of the ever-

expanding horizons of urban planning. It also produces vast and important factual references

which are necessary to these professionals interested in physical aspects of current urbanization.

The sets of indicators could outline the formation of hierarchical land use pattern reflected by

social and physical context. Also associated with the social process, land use indicators could

break through the identification of distinct cultural areas, islands of ethnic groups, areas of high

religious practice, and so on. The extent and rapidity of the sorting could cover all aspects of

land use pattern as the function of all attitudes, decisions, and actions at stake. They frequently

involve such matters as deed restrictions, zoning, tightness of the housing market, cultural ties,

location of place of work, school environment, and so on.

Some sets of land use could replace the insufficiency of economic or social indicators relevant

to land use analysis. For example, where the detailed statistical data about the distribution

of income groups in urban areas are not available, the gradient concentration of pastry and

flower shops could indicate the average income of surrounding residents.

One of the major achievements in the preparation of such an effort could be the producing of

the most appropriate standards in an emerging field of study, among the vast wealth of material

available. In order to maintain a manageable form it is therefore, necessary to experiment and

select the facts that would represent a real criterion rather than to attempt the inclusion of

imagined information.

Rapid Land-Use Assessment

A streamlined approach to land use classification called the Rapid Land use Assessment (RLA)

methodology assesses and quantifies land use through a combination of satellite imagery, local

field knowledge/expertise and resources, and simple GIS techniques. High resolution data is

valuable for identifying property locations. This can be explained in the following case.

In Honduras the RLA methodology allowed the municipality of San Pedro Sula to determine

and quantify by area 18 categories of land use for a 900 square kilometer area in three weeks

using SPOT 10 meter satellite data and local staff. Image maps of the satellite data were

processed in the US and taken to Honduras to be used as black and white ortho maps for

interpretation. Utilizing simple aerial photographic techniques, field surveys, and local

knowledge of the area, the land use database was constructed. Once the data had been

interpreted it was then transferred digitally by trained local municipal staff into a simple; PC-

based GIS.



This resulted in an accurate and up-to-date land use classification for the municipality. Road

networks and surface hydrology data layers can serve as a base for development of a rich

database for environmental and land use planning.

Rapid Land Information System Development

A streamlined approach is developed for Land Information System to LIS that incorporates key

data into a land registration structure, subsequently transferring them into a fully automated

information system. Under this approach, a land parcel is not stored as a polygon or area in the

LIS and hence is not used as the base framework for the related database. Instead, a single point

feature representing each property is used as the identifier and geographic locator and are

usually termed as, "lots by dots." This is the critical difference from the polygon-based

approach which attempts to reconcile geometry and compile all land parcels together into a

contiguous map of polygons. This is practically impossible to achieve even in the United States

since individual surveys of land parcels or 'lots' are often, not entirely accurate and do not

actually reconcile with one another.

This point-based property database can be developed from hardcopy very high resolution

satellite imagery or aerial photographs, or through ground-based collection using Global

Positioning System (GPS) techniques. As the field person collects the geographic (point)

position of each land parcel the property identifier number as well as physical characteristics of

the land, such as, land cover, soil condition, and number of structures can also be logged. This

effectively allows an LIS database to be built in the field during survey. Additional

complementary data can also be integrated into the LIS, such as, scanned property documents.

The benefits of this point-based LIS versus a polygon-based system include reduced time for

input and reduced processing overhead as the point databases are smallest and faster to manage,

analyze, update and use than polygon databases. All relevant cadastral information is stored

within the database just as it would be with a polygon-based system , no resources are expanded

on resolving land geometry problems during database and system development.

GIS as an Emerging tool

GIS based method involves, basically, two approaches in urban planning procedure. The first

method consists of the application of GIS in preparation of urban planning projects. In recent

years CAD and more recently GIS software have been introduced by urban planning agencies.

The initial utilisation of such software is concentrated in mapping procedures. In particular, the

GIS software is used to prepare the thematic maps of urban related projects. The land use map

and some related maps such as types and states of structures or the land-use intensity site

ratings, road network maps, land suitability maps and dynamic changes of urban patterns have

been prepared by the using of GIS software products.



Accumulation of data within the GIS for analytical processing for land use planning. Also in

this field the GIS computational capabilities have provided opportunities for modelling the

prototypes of urban land use planning procedures, and even possibilities of observing the results

through virtual simulations. These opportunities have advanced the exploration of new ideas

and the elaboration of new applicable theories.

The second and the most major proceeding involve the land use planning field. Some

theoretical studies concerning the process of more appropriate methods for land use planning

are in course of materialization. A notable field in these studies involves land use determinants.

For example, about 2000 urban land uses have been identified during recent statistical survey of

establishments in Iranian cities.

In a parallel study using the field notes of land use surveys of seventeen Iranian cities the

distribution of these 2000 land uses in the cities are studied and considered with city size and

rank, city's regional function, population densities, and so on. Also these land uses have been

sorted in different ways, applying the criteria relevant to land

use planning. These findings showed four major types of land use patterns for cities.

In this study each land use is considered in terms of its urban activity. The second is contrary to

the first, that is the outlying drift of certain land uses. The third and most important criterion

included two main factors :

(i) land value effective in attracting or repelling a land use pattern,

(ii) specific regulation's factor which surmounts the rent or cost factor. The fourth criterion

is the function area of each land use.

It is also included that, in Iranian urban agglomerations a grocery store indicates the existence

of a neighbourhood unit, and its function area indicates the boundaries of that neighbourhood

unit. The periodical investigations had proved that when there were two grocery stores in one

neighbourhood unit, the second was obliged to close due to lack of trade. On the other hand, in

a neighbourhood unit where even due to specific regulations the establishment of stores is

forbidden, investigations show that an unofficial grocery store could exist. Subsequent studies

confirm this dynamic relation to the functional area.

At the same time the space requirements and localization factors could be entrenched in relation

mainly to the population density of the area, and some other relevant criteria. So a map of

grocery store distribution could show the formation of neighbourhood units in an urban area.

Based on the land use planning for a new development plan, functional area of existing patterns

and potency of localization land uses are sorted. The results of this sorting are classified in

dynamic, semi-dynamic and passive land use patterns.



Dynamic Urban Land-Use

Dynamic urban land use locates itself in an urban context according to a direct relation to its

area of function and potency of its functionality. The spatial localization of these land uses are

usually the central areas of their functionality boundaries. The periodical investigation of

dynamic land use locations has proved that any change in their zone of function or their potency

of functionality has contiguously affected their localization in urban context. In a gradient

manner due to the extent of functionality area, mainly the commercial, private office building

and some governmental or public land uses could be categorized as dynamic.

Semi-Dynamic Land-Use

The semi-dynamic land use locates itself in an urban context with an acceptable relation to its

zone of utility. The potencies of functionality of semi-dynamic land uses are regularly

determined due to governmental or some public interventions. The spatial localizations are

usually in a range of their zone of utility but are far from the central areas of dynamic land use

area of functionalities. Public schools, general hospitals and other similar public or private

services are usually categorized as semi-dynamic.

Figure An example of aggregation of land use/land cover type



Passive Land-Use

Passive land uses have a poor potency of localization due to their area of function. These

usually are the quasi-public utilities which are not supported by any specific regulations or due

to restrictions, the private sector is not interested. Cultural, entertainment or recreational centres

are among the main passive land uses. In urban land use planning procedure this sorting gives

the planner the criteria to intervene to support the appropriate land use redistribution. Its

usefulness rests on its approach in giving the planner, the basic pattern of information required

to aid in solving the many varied and complex problems of our cities. Also, the material which

is comprehensive in scope, will be highly valuable to other disciplines related to urban

planning.

Dynamic, semi-dynamic, and passive land uses are viewed as a group. These three modes of

processes offer a means of understanding the ongoing aspects of the patterning of the city. A

land use table is produced by interactively contemplating these modes in relation to land use

functional categories, and jurisdictional considerations as well. This table which mainly deals

with space requirement, also indicates where and in which parts of categorized land uses special

consideration or planning type interventions are needed.

Table USGS Land Use/Land Cover Classification System for use with Remote Sensor

Data



The land use table referred to earlier is also extended for hierarchical urban divisions. For each

division a specific land use table is assembled containing the land uses with a similar area of

function. These tables indicate how to deal with every category of land use by divisions

(classified functional areas). Describing the present situation of land use distribution in each

stage of urban hierarchical division is also possible by using these tables.

Table Representative Image Interpretation Formats for Various

Land Use/Land Cover Classification Levels

Methodology

The broad objective of the project of MCH discussed in this unit is to prepare municipal zone-

wise land use/ land cover and major road network using PAN+LlSS III merged digital data of

IRS 10 satellite on 1 :25000 scale. This can be performed by image processing of digital data

with the help of EASI/PACE software and ARCIINFO GIS software. The land use/land cover

map will be used as baseline information for taking necessary decisions for the improvement of

area under Municipal Corporation of Hyderabad.

Table GIS data collection and sources

Remote sensing and Geographic Information System (GIS) addresses the problems related to

urban planning and management. As discussed earlier, GIS can be defined as a set of tools for

collecting, storing, retrieving, transforming, and displaying geographically referenced spatial

data with its corresponding attribute information.



There are essentially two kinds of data bases: one, the specific characteristic of a location called

spatial data, and two, the attribute data (Statistics of written text, tables and so on). New maps

can be generated precisely by easily integrating innumerable layers of data. Thus a GIS has a

database of multiple information layers that can be manipulated to evaluate relationships among

the chosen elements in the different layers under consideration called topology, in order to

develop Hyderabad Environmental Information System (HEIS) in general, and land use/land

cover information system of Hyderabad using GIS technique in particular. Basically two types

of data are to be generated along with other collateral data from different sources for desired

accuracy parameters.

Figure Flow chart showing the methodology for GIS data processing



The two types of data base are:

(i) spatial database creation and

(ii) non-spatial database creation (attribute data).

Apart from these data products, other data related to environmental impact assessment (EIA),

have been obtained from different State and Central Government Organizations. The various

sources of data products needed for the creation of land use/land cover information system are

given in the following Table. The spatial database and non-spatial database are created and used

as GIS input to ARC-INFO software.

Since the main objective is to prepare the land use/land cover information system with major

road network (the sites for the development of green vegetation), a large number of data layers

like land use/land cover, topological information, such as, roads, parks, other protected areas,

and so on are to be mapped as the project is multidisciplinary in nature, and hence the output of

this project is the analysis of all types of data. Some of these data products are obtained from

various organizations and the other data products are derived from the analysis of satellite

digital data obtained from the NRSA.

(i) Data Source and Collection

(ii) Data Processing

(iii)Geocoding and Georeferencing

(iv)Digital Image Enhancement of LlSS III Data

Water Resources

Water is essential for life. It is also a key resource in all-economic activities ranging from

agriculture to industry. There is severe stress on water resources with increasing pressure of

human population. Lands are getting either degraded or wasteland due to inadequate

management of water resources and over exploitation of available water. Water resources are

divided into surface water resources and ground water resources.

Drainage

Drainage map is prepared by using Survey of India Topographic maps on1: 50,000. All the

streams and tanks existing in the study area are marked in this map. These streams further

classified based on stream ordering. Up to fourth order streams exist in the study area.

Most of the streams right side of the state highway flow North East to South West in the study

area and left side of the state highway South West to North East. Canals, reservoirs and lakes

do not exist in the study area. Only two minor rivers namely Palleru and Akeru exists. The

drainage system existing is dendritic. Tank bunds are also marked in the map. All the water

bodies are divided into dry and wet areas. These wet (water spread) areas changes from time to

time and some new tanks are found in the satellite images. For this reason , the drainage map is

updated from the satellite images.



Ground Water Resources

Ground water is a precious and the most widely distributed resource of the earth and unli.ke any

other mineral resource, it gets its annual replenishment from the meteoric precipitation. It is the

largest source of fresh water on the planet excluding the polar icecaps and glaciers. The only

recharge of ground water is precipitation, which is less and erratic. As such often drought

conditions persist. It is essential that each drop of rain water fallen on ground is utilized

properly for better water management. Recharge can be effectively done through the

construction of mini percolation tanks, sub surface dams and other recharge structures at

feasible sites.

Ground Water Prospects in the Study Area

Ground water prospects of an area depend mainly on lithology unit (rock type) occurring at that

area. However, within each lithology unit, the ground water conditions vary significantly

depending upon the geomorphology, structure, slope, soil thickness, depth and nature of

weathered material, presence of fractures I lineaments, surface water bodies, canals, irrigated

areas, etc. All the parameters of the study area are studied and integrated to arrive at the ground

water prospects.

Ground Water Prospects Map

All the above parameters are integrated to arrive at the ground water prospects in each

geomorphic-cum-lithology units, designated as hydrogeomorphic unit. Except dyke ridge all the

geomorphic units present in the study area belongs to the granites and gneisses (lithology unit)

of peninsular gneissic complex, whereas dyke ridge belongs to dolerite dyke (lithology unit).

Hydrogeomorphic units occurred in the study area are described.

Figure Ground water prospects findings

Pediplain shallow weathered in granitic gneiss landscape

Pediplain is a gently undulating plain developed by the coalescence of several pediments. Since

it is shallow weathered, the thickness of the weathered zone is less than 10m. Pediplains form

good aquifers. Therefore this unit is categorized as good for ground water prospects. Along the

lineaments the ground water prospects are even better.



Valley fill shallow in Granitic Gneiss landscape

These are the valleys of different shapes and sizes occupied by fill material of partly detrital and

partly weathered. Since i~ is shallow filled, the thickness of the filled material is less than 10m.

These valley fills form good productive shallow aquifers. Topographically the valleys have

more recharge potential if check dams and percolation tanks are constructed across the valley.

Therefore this unit is categorized as good in ground water prospects.

Pediment in granitic gneiss landscape

These are gently undulating plain dotted with rock outcrops with or without thin veneer of soil

cover. In general the ground water prospects are moderate except along the lineaments, where it

is even better.

Pediment inselberg complex in granitic gneiss landscape

Pediment dotted with a number of inselbergs, which cannot be separated and mapped as,

individual units. Inselberg as such is a runoff zone, which does not permit infiltration. Because

this unit includes pediments, it is characterized as low in ground water prospects. Along the

lineaments the ground water prospects are even better.

Inselberg in granitic gneiss landscape

Inselbergs is an isolated small hill of massive type, rising abruptly from the surrounding plain.

The inselbergs are devoid of any structure and forms a rapid runoff zone. Hence, there are

no prospects for ground water occurrence and it is categorized as nil in ground water prospects.

Residual hill in granitic gneiss landscape

These are isolated hills formed due to differential, weathering. The hills form a rapid run-off

zone, eliminating the chances of ground water occurrence. Therefore the overall groundwater

prospects of this unit are categorized as nil.

Denudational hill in granitic gneiss landscape

These hills are formed due to differential erosion and weathering, so that more resistant

formation stand as hills. These hills act as a run-off zone, with no groundwater occurrences. But

along the narrow valleys of these hills, there is a chance for ground water occurrence. This unit

is categorized as nil in ground water prospects.

Dyke ridge in Dolerite landscape

Dyke ridge is formed by narrow ridge of dolerite. The dyke ridges are encountered in the

southern part of the study area. The general direction of the dyke ridges is East West toNW-

SE. The dyke has no ground water prospects, as it is a run-off zone. It also acts as a barrier for

ground water movement and improves the potential in the upstream side. The overall ground

water prospects of this unit are categorized as nil. With the advent of satellite remote sensing

technology and computer based GIS, it has become possible for environmental planners to have

correct overall perspective with least investment of time and money.



APPLICATIONS

Figure example of Elements of visual interpretation

Figure example of application of GIS and RS in Urban planning

Figure example of application of GIS and RS in Water shed management



POST TEST-MCQ TYPE

[1] ___________is a process of identification and grouping of objects or features resolved by

analysis.

a) Classification

b) Interpretation

c) Editing

d) Reporting

[2] What process depends upon the type of data product, interpretation equipment and a

particular interpretation task undertaken?

a) Classification

b) Interpretation

c) Editing

d) Reporting

[3] Tonal contrast can be enhanced by use of high contrast film, high contrast paper or by

specialized image processing techniques called as_______

a) Image filtering

b) Image segmentation

c) Dodging or Digital Enhancement

d) Analog Enhancement

[4] Texture is NOT dependent upon

a) photographic tone of the imagery

b) shape of the imagery

c) size of the imagery

d) White dots of the imagery

[5] ________________is a combination of drainage or integration of different kinds of drainage
patterns.

a) Drainage texture

b) Dendritic drainage

c) Rectangular drainage

d) Deranged drainage pattern



[6] Which of the following also depends on meteorological and climatological factors, such as,

atmospheric haze, sun angle and cloud shades?

a) Convergence evidence

b) Texture

c) Rectangular drainage

d) Image tone

[7] Small scale aerial photographs and satellite images have been utilized for

a) Land use mapping

b) Ground water resources

c) Satellite surveying

d) Sea surveillance

[8] The process of converging the description of all the interpreted results or information’s of
these key elements is called

a) Convergence evidence

b) Texture

c) Rectangular drainage

d) Image tone

[9] A digital image is defined as a matrix of

a) Whole numbers

b) Zeros

c) Integer numbers

d) Digital numbers

[10] The size of mask window is

a) Rectangular

b) Triangular

c) Circular

d) Hexagonal



[11] What is the procedure to automatically categorize all pixels in an image of a terrain into
land cover classes?

a) Image Classification

b) Image Interpretation

c) Image Editing

d) Image Reporting

[12] _________can analyze high resolution satellite imagery to identify homogeneous habitat

zones.

a) X-rays

b) Aerial surveyors

c) Photo-meters

d) Photo-interpreters

[13] VHR stands for

a) Very Heavy Reader

b) Video Home Reader

c) Very High Resolution

d) Very Home Resolution

[14] A streamlined approach to land use classification is called as

a) Photogrammetry

b) Aerial surveyors

c) Ground water assessment

d) Rapid Land use assessment

[15] ________are usually in a range of their zone of utility but are far from the central areas of

dynamic land use area of functionalities.

a) Spatial resolution

b) Spatial localization

c) Spectral localization

d) Multi-spectral localization



[16] An example of Semi-Dynamic Land Use is

a) Private clinics

b) Private homes

c) Public schools

d) None of these

[17] Which of the following is not a flood proofing measures for houses?

a) Elevation

b) Floodwalls

c) Dry flood proofing

d) Detention basin

[18] General land use planning deals with:

a) Residential

b) Institutional

c) Forests

d) Commercial

[19] Municipal Corporations, Municipal Councils and Nagar Panchayats are three types

of_______________ local Governments.

a) Rural

b) Urban

c) Both rural and urban

d) None of these.

[20] Which of the following is the major source of fresh water which is available in India?

a) Ocean water

b) River water

c) Pond water

d) Ground water

[21] Which planet is also known as blue planet?

a) Mercury

b) Venus

c) Earth

d) Mars



[22] Ground water is accessed by______________

a) Drilling wells

b) Drip irrigation

c) Check bunds

d) Constructing canals

[23] Rain forest land is most often cleared for___________

a) Pasture

b) Forest fire

c) Human activities

d) High pressure

[24] The response for linear spatial filtering is given by the relationship __________

a) Sum of filter coefficient’s product and corresponding image pixel under filter mask
b) Difference of filter coefficient’s product and corresponding image pixel under filter mask

c) Product of filter coefficient’s product and corresponding image pixel under filter mask

d) None of the mentioned

[25] Which of the following is/are used as basic function in nonlinear filter for noise reduction?

a) Computation of variance

b) Computation of median

c) All of the mentioned

d) None of the mentioned

[26] Which of the following filter have a less sharp detail than the original image because of

attenuation of high frequencies?

a) Highpass filter

b) Lowpass filter

c) Zero-phase-shift filter

d) None of the mentioned

[27] Using the feature of reciprocal relationship of filter in spatial domain and corresponding

filter in frequency domain, which of the following fact is true?

a) The narrower the frequency domain filter results in increased blurring

b) The wider the frequency domain filter results in increased blurring

c) The narrower the frequency domain filter results in decreased blurring

d) None of the mentioned



CONCLUSION

In this unit, the student would have understood the concept of Integration of GIS and Remote

Sensing. The basic concepts of visual interpretation of satellite images were discussed. The

characteristics of digital satellite image, processing of digital images, image enhancement,

filtering and its classification were discussed. The application of remote sensing and GIS were

discussed. The knowledge about water resources management and urban analysis in GIS were

acquired.
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ASSIGNMENT

1. Describe about visual image interpretation and explain digital image.

2. List out the general steps of image processing.

3. Classify the different schemes adopted for land use mapping.

4. List out the basic elements of image interpretation.

5. Identify the Ground Water Prospects in GIS and Remote sensing.


