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Unit 5 
 

Applied geology and remote sensing, engineering properties of rocks, selection of sites for Dam, Tunnel, 

Reservoirs and Canals, uses of remote sensing technique. Types, components and elements of remote 

sensing, EMS and MSS, Visual interpretation technique, application of GIS in civil engineering and resource 

mapping (site selection, water resources, rocks and soil). 

Applied Geology 
 

The application of various fields of geology to economic, engineering, water-supply, or environmental 

problems; geology related to the human activity. 

Use of Applied geology in civil engineering 
 

Civil engineering projects involve some excavation of soils and rocks, or involve loading the Earth by building 

on it. In some cases, the excavated rocks may be used as constructional material, and in others, rocks may 

form a major part of the finished product, such as a motorway cutting of the site or a reservoir. The 

feasibility, the planning and design, the construction and costing, and the safety of a project may depend 

critically on the geological conditions where the construction will take place. 

Remote Sensing 
 

Remote sensing (RS), also called earth observation, refers to obtaining information about objects or areas at 

the Ea th s su fa e ithout ei g i  di e t o ta t ith the o je t o  a ea. Hu a s a o plish this task ith 
aid of eyes or by the sense of smell or hearing; so, remote sensing is day-today business for people. Reading 

the newspaper, watching cars driving in front of you are all remote sensing activities. Most sensing devices 

e o d i fo atio  a out a  o je t  easu i g a  o je t s t a s issio  of ele t o ag eti  e e g  f o  
reflecting and radiating surfaces. 

Basic principle of Remote Sensing 
 

Detection and discrimination of objects or surface features means detecting and recording of radiant energy 

reflected or emitted by objects or surface material. Different objects return different amount of energy in 

different bands of the electromagnetic spectrum, incident upon it. This depends on the property of material 

(structural, chemical, and physical), surface roughness, angle of incidence, intensity, and wavelength of 

radiant energy. 

The Remote Sensing is basically a multi-disciplinary science which includes a combination of various 

disciplines such as optics, spectroscopy, photography, computer, electronics and telecommunication, 

satellite launching etc. All these technologies are integrated to act as one complete system in itself, known  

as Remote Sensing System. There are a number of stages in a Remote Sensing process, and each of them is 

important for successful operation. 

Stages in Remote Sensing 
 

1. Emission of electromagnetic radiation, or EMR (sun/self- emission) 

2. Transmission of energy from the source to the surface of the earth, as well as absorption and 

scattering 
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3. I te a tio  of EM‘ ith the ea th s su fa e: efle tio  a d emission 

4. Transmission of energy from the surface to the remote sensor 

5. Sensor data output 

6. Data transmission, processing and analysis 
 

All objects radiate electromagnetic energy by virtue of their atomic and molecular oscillations. The total 

a ou t of e itted adiatio  i eases ith the od s a solute te pe atu e a d peaks at progressively 

shorter wavelengths. The sun, being a major source of energy, radiation and illumination, allows capturing 

reflected light with conventional (and some not-so-conventional) cameras and films. 

The basic strategy for sensing electromagnetic radiation is clear. Everything in nature has its own unique 

distribution of reflected, emitted and absorbed radiation. These spectral characteristics, if ingeniously 

exploited, can be used to distinguish one thing from another or to obtain information about shape, size and 

other physical and chemical properties. 
 

 
Fig.18 Basics of Remote Sensing 

Electromagnetic Radiation and the Electromagnetic Spectrum 

EMR is a dynamic form of energy that propagates as wave motion at a velocity of c = 3 x 1010 cm/sec. The 

pa a ete s that ha a te ize a a e otio  a e a ele gth λ , f e ue  ν  a d elo it   

The elatio ship et ee  the a o e is  = λ ν 
 

 

 

 
Fig. 19 Electromagnetic Radiations 

Downloaded from  be.rgpvnotes.in

Page no: 2 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

 

Electromagnetic energy radiates in accordance with the basic wave theory. This theory describes the EM 

energy as travelling in a harmonic sinusoidal fashion at the velocity of light. Although many characteristics of 

EM energy are easily described by wave theory, another theory known as particle theory offers insight into 

how electromagnetic energy interacts with matter. It suggests that EMR is composed of many discrete units 

called photons/quanta. The energy of photon is 

Q = h  / λ = h ν 

Where 

Q is the energy of quantum, 

h = Pla k s o sta t 

The geology of an area dictates the location and nature of any civil engineering structures. 
 

Roads and Railways Problems for a road or railway project may be caused by any of the  following  

geological features: 

i. Faults 

ii. Junctions between hard and soft formations 

iii. Boundaries between porous and impermeable formations 

iv. Spring-lines 

v. Fractured granites 

vi. weathered schists2 

vii. Landslip areas 

viii. Areas where beds dip towards the road or railway, as shown in the adjacent diagram. 
 

 

 

 
Fig. 20 Road and vehicle relationship 

 

1 - A passage for surplus water from a dam. 2 - A coarse-grained metamorphic rock that consists of layers of 

different minerals and can be split into thin irregular plates. 

If the terrain and proposed route are such that these features cannot be avoided, construction of suitable 

safety features is required. Earthwork construction must include an embankment to stabilize areas of 

landslip. Lightweight material on a concrete raft may be needed where the road traverses deep, 

compressible deposits. 
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Drainage holes can be drilled into rock to ensure that water is drained from potential slip surfaces, such as 

bedding planes. Unless water is properly drained from a rock embankment, pressures will build-up within 

and behind the rock, eventually causing it to fracture and collapse. 

Effects of geological structures in tunneling Case of Folds 
 

For tunneling purposes, folded rocks are in general unsuitable because the affected rocks are under great 

strain and the subsurface removal of material, i.e., creation of tunnels in such rocks may cause the release of 

the contained strain which may appear as collapse of the roof, or as caving or bulging of sides, or floor etc. If 

the tunneling work is taken up along the thick beds of limbs, parallel to the axis of the fold, because the 

disadvantages associated with crests and troughs do not occur. This is because, along the crests of folds, the 

beds contain numerous tensions and other factures and if the tunnel is made through them, frequent falling 

of rocks from the roof may occur. 

 
 

 
Fig. 21 Tunnel 

 

At certain situations, where folds occur with wedge-shaped rocks tapering downwards may provide a 

desirable situation for tunneling. This is because the wedge-shaped shapes will lie perpendicular to the 

curved bedding and prevent rocks from falling as they act as key rocks in arches. In spite of this, as the 

fractured rock is not cohesive, it cannot be strong and competent. Its competence becomes lesser when its 

openings get saturated with water. Hence, tunneling by excavation in such ground is unsafe and unstable. 

Over break also occurs there considerably which means lining work will be costlier. 

Along the troughs, rocks will be highly compressed. Therefore they will be tough and offer greater resistance 

for excavation. This means tunneling work will be difficult and progress less. Further, by virtue of dip of limbs, 

water will be percolated along the bedding planes and accumulate along troughs. If the accumulation of 

water is of artesian1 type then tunneling along troughs may encounter sever ground water problems and 

shall be disastrous also. 

1-An artesian aquifer is a confined aquifer containing groundwater under positive pressure. This causes the 

water level in a well to rise to a point where hydrostatic equilibrium has been reached. This type of well is 

called an artesian well. Water may even reach the ground surface if the natural pressure is high enough, in 

which case the well is called a flowing artesian well. 
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Fig. 22 Artesian wells 
 

 

 

 

Fig. 22.1 Artesian wells 
 

When the tunnel alignment is perpendicular to the axis of the fold, this situation is also undesirable because, 

under such a condition, different rock formation are encountered from place to place along the length of the 

tunnel and also the tunnel has to pass through a series of anticlines and synclines. These two factors bring 

heterogeneity in the physical properties of rocks and also in physical conditions in anticlinal parts. In 

synclinal folds, the conditions are exactly reversed. 
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Fig. 23 Tunnel position 
 

Effect of faults at Tunnel site: 
 

Normally faults are harmful and undesirable as they create a variety of problems. The problems with faults 

occurring at tunnel site can be described as followed. 

1. Active fault zone: These are the places where there is scope for further recurrence of faulting which will be 

accompanied by the physical displacement of litho logical units. Such faults will lead to dislocation and 

discontinuity in the tunnel alignment. So occurrence of any active fault in tunnels is very undesirable. 

2. Inactive fault zone: These are the places where there is no scope of further occurrence of faulting, yet 

these prone to intense fractures due to earlier faults. This means that these zones are of great physical 

weakness. So if such zones occur along the course of a tunnel, it is necessary to provide lining. 

3. Highly permeable zones (with or without faulting): Zones that are highly porous, permeable and 

decomposed may occur at tunnel sites these also require heavy concrete lining. 

Effect of Joints on Tunneling: 
 

Joints interfere with tunneling work as follows: 
 

1. It causes serious ground water problems, unless the water table position is reasonably below the 

level of the tunnel floor. 

2. If the joints are too many, they may severely hamper the competence even inherently strong rocks 

and render them unsuitable for tunneling. 

3. The openings of joint planes enable the ground to be saturated with water and thereby decrease the 

strength of the rocks considerably. So, joints become responsible indirectly also for reduction in 

strength of rocks at the tunnel site. 

4. If joints occur unfavorably, they may cause fall of rocks from the roof of the tunnel. This means 

tunneling will be unsafe and needs lining. 

5. Joints may act as sites for the development of solution cavities and solution channels in lime stone 

terrain. This is due to the action of percolating carbon dioxide-bearing waters. 

Joints, being oriented cracks, their attitude with reference to the tunnel alignment are also very important. 

Such of these joints which strike parallel to the tunnel axis naturally persist for long distances and hence are 

undesirable for tunneling. On the other hand, joints which strike oblique or perpendicular to the tunnel axis 

will obviously have a limited effect on them. 
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Fig. 24 Tunnel position 
 

In sedimentary rocks, the occurrence of joints is undesirable because these rocks, which are originally weak 

and incompetent, and become weaker. 

In metamorphic rocks also, joints are not characteristic, but are frequently present. Granite gneisses and 

ua tzite s, ei g e  o pete t, a  e ai  suita le fo  tu eli g e e  if so e joi ts o u  i  the . But 
schist and slates with joints will become very incompetent and necessarily require lining. 

Dams: 
 

Geological investigations of a site proposed for construction of a dam must be complete and detailed. 

Features such as rock-types, geological structures, weathering, fractures and fissures must all be considered. 

The main considerations are that the material on which the dam rests must be able to carry the weight of the 

structure without failing. The geology upon which the dam is built must also be impervious1 to water. The 

abutments2, (the rock faces to which the dam wall is attached) must also be impervious and strong enough 

to support the dam wall, especially in the case of an arch dam (where more force is transmitted to the 

abutments). 

 

 
Fig. 25 Cross section of Dam 

Failure of a dam can be due to many factors including: 

i. Earthquakes 

ii. A sudden drop in water level 

iii. Inadequate protection of the reservoir side of the dam from wave action 

iv. Insufficient spillway capacity, so that water flows over the whole of the dam surface, with consequent 

erosion 
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1 - Not allowing something to pass through; not penetrable. 2 - A structure built to support the lateral 

pressure of an arch or span, e.g., at the ends of a bridge. 

The type of dam selected depends largely on the nature of the surrounding rocks. If they are strong and 

stable, an arch dam, such as the one shown below can be constructed. This type of dam requires a minimum 

of construction materials, but the concrete must be of high quality. The Barossa Reservoir Dam (the 

Whispering Wall), The Roosevelt Dam are examples of an arch dams. 

An earth and rock fill embankment dam, as shown in the diagram below must be constructed where the 

surrounding rocks are not strong enough to support an arch dam. This type of dam is more expensive to 

build, requiring much more material. The main weight and strength of the dam is provided by compacted 

quarried rock. The core is made of impermeable material, such as clay, bitumen1 or concrete. 
 

 

Fig. 26 Cross-section embankment 

 

 

Rock and soil tests are taken before homes are built. For larger buildings, deep holes may be drilled to test 

the strength and stability of the rocks under the proposed building. The type and strength of foundations 

required are determined from the results of these tests. People who build houses in areas of clay soil are 

likely to find that windows and doors stick and that cracks appear in brick walls. Piers under the house move 

a d o ete sla s a  a k. This is e ause la s s ell he  et a d sh i k afte  d i g. Adelaide s Ba  of 
Bis a  soils, hi h u de lie so e of the o th-eastern suburbs, contain a type of clay called montmorillonite 

which swells to almost twice its dry volume when wet. This is responsible for many cracks in older buildings. 

These soils are said to be expansive. 

1 - A metamorphic rock with a banded or foliated structure, typically coarse-grained and consisting mainly of 

feldspar, quartz, and mica. 

Two other types of problem soils are collapsing soils, which settle rapidly on wetting, and compressible soils 

that consolidate and settle slowly over several years. 

The footing is that part of a house that is in direct contact with the soil or rock forming the foundation. Strip 

footings were the earliest type used. These consisted of concrete strips beneath the walls of the house. 
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Strip footings proved to be unsuitable in areas of expansive soil, as the soil under the house dried out and 

shrank (shrink), causing the problems shown in the diagram below. 

 

 

Fig. 27 Strip Footing 
 

Slope Failure 
 

The term slope failure covers a wide range of ground movement, such as rock falls, deep failure of slopes, 

and shallow debris flows. 

Causes of Slope Failure 

Gravity 

Although gravity acting on an over-steepened slope is the primary cause of a landslide, other contributing 

factors include: 

i. Earthquakes that create stress causing weak slopes to fail. 

ii. Volcanic eruptions that produce loose ash deposits and debris flows. 

iii. Vibrations from machinery, traffic, blasting, and even atmospheric thunder that may trigger failure 

of very weak slopes. 

iv. Excess weight from accumulation of rain, snow, the stockpiling of rock or ore, or from built 

structures that may stress weak slopes to failure. 

Relief 
 

Slope failure occurs in hilly or mountainous regions all over the world — essentially wherever there is any 

significant topographic relief. In Australia, significant landslides coincide with mountainous areas. 

Water 
 

Rock and soil slopes are weakened through saturation by melting snow or heavy rain. Water filling the pores 

of permeable materials allows the grains to slide past each other with little friction. Water acts as a lubricant 

increasing the ease of movement of rock and soil particles (and therefore slope failure). Slope material that 

becomes saturated with water may develop a debris flow or mudflow. The resulting slurry of rock and mud 
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can pick up trees, houses, and cars, causing the blocking of bridges and tributaries and increasing the 

likelihood of flooding. 

Undercutting 
 

Undercutting is erosion of material at the foot of a cliff or steep bank — E.g. on the outside of a meander. 

Ultimately the overhang collapses and the process is repeated. Undercutting caused by rivers, glaciers, or 

ocean waves creates over-steepened slopes, which are prone to failure. Human activities, such as quarrying 

and road construction also result in undercutting. 

Rock Types 
 

In unconsolidated material, that is material not held together by cement or by a strong interlocking crystal 

structure, landslides start after a significant part of the whole rock mass is saturated with water and 

therefore lubricated. A single shock or vibration can trigger the down-slope movement of an entire unstable 

hillside. Any area of very weak or fractured materials resting on a steep slope will be likely to experience 

landslides. 

Slope Angle 
 

A pile of sand always assumes the same angle of slope, whether it is a few centimetres high, or a huge sand 

dune. The angle that the sand makes with the horizontal is called the angle of repose. It is about 37° for fine 

sand, and steeper for coarse sand and angular pebbles, as shown in the diagrams below. 

 

 

Fig. 28 Slope action 
 

If a slope is steepened beyond this natural angle, for example for a road cutting, it then becomes unstable 

and the slightest vibration may lead to slope failure. The angle of repose is reduced if the sand or 
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unconsolidated rock material becomes water-saturated. Moreover, the angle of repose is significantly 

reduced underwater. 

Effect of Geological Structures on location of Reservoirs: 
 

If any of the following geological settings occur at the reservoir site, there will be significant difference in 

terms of leakage of reservoir water. 

1. The case wherein beds of the limb dip in the upstream direction, there will not be any effective 

leakage of water from the reservoir. This is so because all percolated water will be directed in the 

upstream direction only, along the bedding planes. 

 

Fig. 29 Cross section for reservoir 
 

2. The case wherein if strata at the reservoir site are horizontal, there may baa little seepage of water of 

the reservoir in the downstream side along the horizontal bedding planes. 

 

 

 

 

 

Fig. 30 Cross section for reservoir 

 

 

3. The case wherein strata dip in the downstream direction, there shall be considerable leakage of 

reservoir water along the bedding planes which are dipping in the downstream direction. 
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Fig. 31 Cross section for reservoir 

 

 

3. In the case of strata containing faults, the faults which dip in the downstream direction are more 

harmful. This is so because they not only cause effective and significant loss of water but also 

endanger the safety of the dam by creating, uplift pressure over it. However, if the water table 

occurs at or near the surface of the reservoir site, faults do not contribute to loss of water. If 

server fault or shear zone occurs as outcrops along the upstream course of the river, they get 

eroded quickly and contribute heavily to the load of the river. This means sever silting problems in 

the concerned reservoirs. 

4. In the case of joints present in the reservoir site or basin, they act as avenues for serious leakage 

of water. The prevailing water table position will affect the influence of leakage. 

5.  If the ground water is contributing to the surface water (effluent conditions), the resultant effect 

will nullify the effect of presence of joints and cause no leakage. If the ground water is fed by 

surface water (influent conditions), this will permit the joints to play their role in leakage of water 

as expected. But a matter of consolation is that even if joints are contributing to the leakage of 

water, in course of time, this adverse effect partly disappears slowly, because the fine silt and clay 

settle in the openings of joints and seal them off. 

b. The other adverse effect of joints is similar to faulting when it occurs in the upstream side. If jointing has 

occurred in the valley in the upstream side, such disintegrated rocks under quick erosion and contribute to 

the river load heavily. This means that rate of silting will be very heavy in the reservoir. This, in turn, reduces 

the life of the reservoir. So, as a precaution, such places have to be grouted or covered suitably. 
 

 

Fig. 32 Cross section for reservoir 
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6. In the case where beds strike parallel to the length of the valley, topography and the position of 

occurrence of different beds at the reservoir site are taken granted for the same as, topographically, another 

parallel valley occurs at the lower level and adjacent to the valley containing the reservoir. In this situation, 

litho logical, a permeable bed (say, sandstone or cavernous lime stone) occurs in between the impermeable 

beds (like shales). When all the beds are conformable and striking parallel to the length of the valley, with 

respect to the relative position of the beds, the permeable bed occurs at the rim of the reservoir and all beds 

are dipping towards the same side. Under these conditions, 

a. When tilted permeable bed is exposed in the adjacent valley, there will be leakage of the reservoir water 

into the adjacent valley lying at the lower level. 

 

 

b. If the foldi g o u s i  su h a  a ea, the leakage o t occur. 
 

 

Fig. 32 Water Table 

 

 

c. If a fault occurs in the reservoir area, and if the permeable bed through which reservoir water percolates 

gets terminated against an impermeable bed along the fault plane, the leakage is prevented. 

Basic components of Remote Sensing: 
 

The sun is the major source of energy, radiation and illumination. At any given moment our sun is 

bombarding the earth with a variety of wavelengths of EMR, including visible light, infrared, radio and 

microwaves. Detection and discrimination of surface features means detecting and recording of radiant 

energy reflected or emitted by surface (Joseph, 2004; Lille sand and Kiefer, 1987; 2000). Different features 

return different amount and kind of energy in different bands of the electromagnetic spectrum, incident 

upon it. This unique property depends on the property of material (structural, chemical and physical), 

surface roughness, angle of incidence, intensity and wavelength of radiant energy (Elachi, 1987). Everything 

in nature has its own unique distribution of reflected, emitted and absorbed radiation. These spectral 

characteristics, if ingeniously exploited, can be used to distinguish one thing from another or to obtain 

information about shape, size and other physical and chemical properties. Because the emission and 

Downloaded from  be.rgpvnotes.in

Page no: 13 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

 

reflection of many different types of EMR can be detected by instruments, they can also be used for remote 

sensing. Thus, to understand remote sensing, it is important to first understand the basics of EMR. 

History of Remote Sensing: 
 

The technology of modern remote sensing has a very long history, dating back to the end of the 19th century 

with the invention of the camera. 

Initially cameras were used to take photographs on the ground, which provided (and still does) a fascinating 

and exciting way to capture moments in time and keep a record of something that happened, which looked 

more realistic than a drawing or painting, and which could be captured much quicker than by drawing or 

painting. 

The idea and practice of remote sensing first developed in the 1840s, when it was realized that a different 

and perhaps more revealing view of a particular landscape could be obtained by taking a photograph from a 

a tage poi t, su h as a  i li e o  uildi g, a d effo ts e e ade to look do  at the Ea th s su fa e  
taking pictures with the aid of cameras secured to tethered balloons, for purposes of topographic mapping. 

It was realized that the airborne perspective gave a completely different view than to what was available 

from the ground. The most novel platform at the end of the last century is perhaps the famed pigeon fleet 

that operated as a novelty in Europe. 

By the first World War, cameras were mounted on airplanes, which provided aerial views of fairly large 

surface areas and was used as a method of data and information acquisition, that proved invaluable in 

military reconnaissance. Thus, aerial photography remained the single standard tool for depicting the surface 

from a vertical or oblique perspective till the early 1960s. 

The history of Satellite remote sensing can be traced back to the early days of the space age of both Russian 

and American programs. It actually began as a dual approach of imaging surfaces, from spacecraft, using 

several types of sensors. After World War II, in 1946, V-2 rockets acquired from Germany, containing 

automated still or movie camera, were launched to high altitudes from White Sands, New Mexico. 

These o kets, ho e e  e e  attai ed o it, ut took pi tu es of the ea th s su fa e as the ehi le as e ded. 
In the 1960s, with the emergence of the space program, cosmonauts and astronauts started taking 

photographs out of the window of their spacecraft in which they were orbiting the earth. 

Today, remote sensing is carried out using airborne and satellite technology, not only utilizing film 

photography, but also digital camera, scanner and video, as well as radar and thermal sensors. 

Unlike in the past, when remote sensing was restricted to only the visual part of the electromagnetic 

spectrum i.e., what could be seen with naked eye, today through the use of special filters, photographic films 

and other types of sensors, the parts of the spectrum which cannot be seen with the naked human eye can 

also be utilized. 

Thus, today remote sensing is largely utilized in environmental management, which frequently requires rapid, 

accurate and up-to-date data collection. 
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Fig. 33 Overview of Remote Sensing 
 

2. Principles of Remote Sensing: 
 

Remote sensing involves the detection and measurement of the radiations of different wavelengths 

reflected or emitted from distant objects or materials, which helps in their identification and categorization. 

It offers four basic components to measure, which include: 
 

(i) The energy source 

(ii) The transmission path 

(iii) The target 

(iv) The satellite sensor 
 

Among these, the energy source or electromagnetic energy, is very important, as it serves as the crucial 

medium for transmitting information from the target to the sensor. It is described as an electromagnetic 

spectrum, on which, many forms exist that describe energy in a specific region of the spectrum . 

 

 
 

Fig. 34 Electromagnetic spectrum 
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Electromagnetic spectrum 
 

These are visible light, radio waves, microwaves, heat, UV rays, X-rays and gamma rays. This spectrum is an 

overview of the continuum of electromagnetic energy from extremely short wavelengths (cosmic gamma 

rays) to extremely long wavelengths (radio and television waves). These divisions are not absolute and 

definite as overlapping may occur. 

The basic unit of wavelength is measured in meters (m). Most energy in the visible (including U.V., visible, 

and near infrared) and infrared portions of the electromagnetic spectrum is measured in micrometers (10- 

6m) [1 micrometer = 10,000 angstroms]. Millimeters may be used for longer wavelengths (blue – 0.4 – 0.5 

mm). 

Regions of Electromagnetic Spectrum 
 

 

Fig. 35 Regions of ES 
 

Depending on the wavelength and the nominal spectral location, principal applications can be matched with 

suitable satellite bands for classification. 

Band, Wavelength, Nominal Spectral Location and Principal Applications 
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Fig. 36 Wavelength range 
 

3. Types of Remote Sensing: 
 

“atellite e ote se si g i ol es gathe i g i fo atio  a out featu es o  the Ea th s su fa e f o  o iti g 
satellites, which may carry either of the following two types of sensor systems: 

(i) Passive System: 
 

It generally consists of an array of small sensors or detectors, which records the amount of electro-magnetic 

adiatio  efle ted a d/o  e itted f o  the Ea th s su fa e. Thus, passi e e ote se si g elies o  atu all  
reflected or emitted energy of the imaged surface. 

Most remote sensing instruments fail into this category, obtaining pictures of visible, near-infrared and 

thermal infrared energy. A multi-spectral scanner is an example of a passive system. Passive visible and near- 

infrared data are used in a variety of GIS applications, for example in the classification of vegetation and 

land-use, and may be performed at a variety of temporal and spatial scales. 

Common Remote Sensing Systems 
 

(ii) Active System: 
 

This type of a system propagates its own electro-magnetic radiation and measures the intensity of the return 

signal. Thus, active remote sensing means that the sensor provides its own illumination and measures what 

comes back. Remote sensing technologies that use this type of system include lidar (laser) and radar. 
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Synthetic Aperture Radar (SAR) is an example of an active system. Active remote sensing (radar and lidar) 

systems are rapidly increasing in use since the launch of the ERS-1 Synthetic Aperture Radar (SAR) satellite in 

1991. In comparison to visible/near-infrared imagery, radars are sensitive to very different surface properties. 

As for example, radar images are sensitive to the shape, orientation and size of leaves and their moisture 

content, rather than the vegetation color. Similarly, airborne lidars have been largely used for mapping 

surface topography in three dimensions. Existing and planned radar and lidar altimeters will also help in 

o ito i g losel  the ele atio  of the o ld s i e aps a d sea le el ith e ti ete  p e isio . 

4. Advantages of Remote Sensing: 
 

Remotely sensed imaging systems have several advantages over camera photography, from which it differs 

significantly in the following two ways: 

(i) It is not just restricted to the visible part of the electromagnetic spectrum (from about 0.4 to 0.7 

micrometers in wavelength), but can also measure energy at wavelengths invisible to the eye, such as near- 

infrared, thermal infrared and radio wavelengths. 

(ii) Most remote sensing instruments can record different wavelengths at the same time, yielding not one 

but numerous images of the same location on the ground, each corresponding to a different range of 

wavelengths called a band. 

Thus, remotely sensed data acquired by the Earth observation satellites provides a number of benefits for 

stud i g the Ea th s surface, which include: 

(i) Good spectral (including infra-red bands) and spatial resolution. 

(ii) Allows broad regional coverage. 

(iii) Allows continuous acquisition of data. 

(iv) Provides up-to-date information because of the capability of regular revisit. 

(v) Provides cost effective and map-accurate data. 

(vi) Provides large archive of historical data. 

(vii) Enables to combine satellite digital data with other digital data. 

(viii) Has the ability to manipulate or enhance digital data, 

(ix) Allows the possibility of stereo viewing. 
 

5. Limitations of Remote Sensing: 
 

Although remote sensing has many advantages over ground-based survey, yet remote sensing has not totally 

replaced ground-based survey methods, largely because of some limitations with this technology, which still 

exist. 

These include: 
 

(i) Cost of data collection and data purchase. 

(ii) Problems with data analysis and interpretation. 

(iii) Potential limitations with spatial, spectral and temporal resolutions of the various sensors. 

(iv) P o le s ith all eathe  apa ilit  as so e se so s a ot see  th ough cloud. 
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In-spite of these limitations, remote sensing has however many advantages over ground- based survey in 

that large tracts of land can be surveyed at any one time, and areas of land (or sea) that are otherwise 

inaccessible can be monitored. 

The advent of satellite technology and multi-spectral sensors has further enhanced this capability, with the 

ability to capture images of very large areas of land in one pass, and by collecting data about an environment 

that would normally not be visible to the human eye. 

6. Applications of Remote Sensing: 
 

Satellite data allows the proper management of our renewable and non-renewable resources as it provides 

ti el  a d detailed i fo atio  a out the Ea th s su fa e. 

Following are a few examples of some of the important uses of satellite data: 
 

(i) Assessment and monitoring of vegetation types and their status. 

(ii) Agricultural property management planning and crop yield assessment. 

(iii) Soil surveys including mineral and petroleum exploration. 

(iv) Litho logic mapping. 

(v) Monitoring and planning of water resources and groundwater exploration. 

(vi) Geographic information 

(vii) Map making and revision and production of thematic maps. 

(viii) Weather and agricultural forecasts and assessment of environment and natural disasters. 

(ix) Urban planning. 

(x) Image processing. 

(xi) Precision geo-referencing. 

(xii) Laser film writing and printing. 
 

Applications of Remote Sensing in Forest Resource Management: 
 

(i) Satellite imagery can provide the visible boundaries of soil types, while remote sensing provide for a 

shallow penetration of soils. Additional physical data can be obtained from spectral signatures for the soil 

surfaces. 

(ii) Remote sensing allows for classification of soils, which can be interpreted from the remote sensing 

images and the spectral signatures. 

(iii) Remote sensing can provide information on the productivity of forests, meadows, wildlife habitat 

conditions, land-use and recreational suitability, which allows for future protection of the environment. 

(iv) Multi temporal techniques can be used to map dynamical features, erosion and soil moisture. 
 

(v) Remote sensing can also be used in combination with ground radar, to detect changes of diagnostic soil 

horizons such as albic, spodic and argillic horizons or soil/rock boundaries. 

 

 

Elements of Visual Interpretation 
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Observing the differences between targets and their backgrounds involves comparing different targets based 

on any, or all, of the visual elements of tone, shape, size, pattern, texture, shadow, and association. 

Identifying targets in remotely sensed images based on these visual elements allows us to further interpret 

and analyze. The nature of each of these interpretation elements is described below: 
 

Fig. 37 Tone 
 

Tone refers to the relative brightness or colour of objects in an image. Generally, tone is the fundamental 

element for distinguishing between different targets or features. Variations in tone also allow the elements 

of shape, texture, and pattern of objects to be distinguished. 
 

 

Fig. 38 Shape 
 

Shape refers to the general form, structure, or outline of individual objects. Shape can be a very distinctive 

clue for interpretation. Straight edge shapes typically represent urban or agricultural (field) targets, while 

natural features, such as forest edges, are generally more irregular in shape, except where man has created a 

road or clear cuts. Farm or crop land irrigated by rotating sprinkler systems would appear as circular shapes. 

Downloaded from  be.rgpvnotes.in

Page no: 20 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

 

 

 
 

Fig. 39 Size 

 

 

Size of objects in an image is a function of scale. It is important to assess the size of a target relative to other 

objects in a scene, as well as the absolute size, to aid in the interpretation of that target. A quick 

approximation of target size can direct interpretation to an appropriate result more quickly. For example, if 

an interpreter had to distinguish zones of land use, and had identified an area with a number of buildings in 

it, large buildings such as factories or warehouses would suggest commercial property, whereas small 

buildings would indicate residential use. 
 

 

Fig. 40 Pattern 
 

Pattern refers to the spatial arrangement of visibly discernible objects. Typically an orderly repetition of 

similar tones and textures will produce a distinctive and ultimately recognizable pattern. Orchards with 

evenly spaced trees and urban streets with regularly spaced houses are good examples of pattern. 

 

 
 

 

Fig. 41 Texture 
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Texture refers to the arrangement and frequency of tonal variation in particular areas of an image. Rough 

textures would consist of a mottled tone where the grey levels change abruptly in a small area, whereas 

smooth textures would have very little tonal variation. Smooth textures are most often the result of uniform, 

even surfaces, such as fields, asphalt, or grasslands. A target with a rough surface and irregular structure, 

such as a forest canopy, results in a rough textured appearance. Texture is one of the most important 

elements for distinguishing features in radar imagery. 
 

 

Fig. 42 Shadow 
 

Shadow is also helpful in interpretation as it may provide an idea of the profile and relative height of a target 

or targets which may make identification easier. However, shadows can also reduce or eliminate 

interpretation in their area of influence, since targets within shadows are much less (or not at all) discernible 

from their surroundings. Shadow is also useful for enhancing or identifying topography and landforms, 

particularly in radar imagery. 
 

 

Fig. 43 Association 
 

Association takes into account the relationship between other recognizable objects or features in proximity 

to the target of interest. The identification of features that one would expect to associate with other 

features may provide information to facilitate identification. In the example given above, commercial 

properties may be associated with proximity to major transportation routes, whereas residential areas 

would be associated with schools, playgrounds, and sports fields. In our example, a lake is associated with 

boats, a marina, and adjacent recreational land. 

GIS 
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GI“ a  e defi ed as A  i teg ated s ste  of o pute  ha d a e a d soft a e oupled ith p o edu es 
and a human analyst which together support the capture, storage, management, manipulation, analysis, 

odeli g a d displa  of spatiall  efe e ed data  

In short geographical information system gives power to create maps, integrate information, visualize 

scenarios, solve complicated problems, present powerful ideas and develop effective solutions like never 

before. It can be said as supporting tool for decision making process. Mapmaking and geographic analysis are 

not new, but a GIS performs these tasks better and faster than do the old manual methods. 
 

Fig. 44 Process of GIS 
 

Data Models: 
 

Conversion of real world geographical variation into discrete objects is done through data models. It 

represents the linkage between the real world domain of geographic data and computer representation of 

these features. Data models are of two types: Raster and Vector. There are three different geometric classes 

of data in both the models, viz. the point representing the position, line giving the length and polygon giving 

information about the perimeter or area. 

Raster model: In raster type of representation of the geographic data, a set of cells located by coordinate is 

used; each cell is independently addressed with the value of an attribute. Each cell contains a single value 

and every location corresponds to a cell. One set of cell and associated value is a layer. 
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Fig. 45 Data models generated in GIS domain 

 

 

Ve to  odel: Ve to  data odel uses li e seg e ts o  poi ts ep ese ted  thei  e pli it ,  
coordinates to identify locations. Discrete objects are formed by connecting line segments which area is 

defined by set of line segments. Vector data models require less storage space, outputs are appreciable, 

estimation of are/perimeters is accurate and editing is faster and convenient as compared to raster model. 

La e s a d Co e age s: 
 

The common requirement to access data on the basis of one or more classes has resulted in employing 

several schemes in which all data of a particular level of classification, such as roads, rivers or vegetation 

types are grouped into so called layers and more than one layer together form coverage. The concept of 

layers is to be found in both vector and raster models. The layers can be combined with each other in various 

ways to create new layers that are a function of the individual ones. The characteristic of each layer with in 

layer-based GIS is that all locations with each layer may be said to belong to a single arial region or cell, 

whether it be a polygon bounded by lines in vector system, or a grid cell in a raster system. But it is possible 

for each region to have multiple attributes. The following figure shows layers and coverage concept in GIS. 
 

 

Fig.  Diffe e t la e s a d o e age s ge e ated i  GI“ do ai  
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Global Positioning System (GPS): 
 

The Global Positioning System (GPS) is a burgeoning technology, which provides unequalled accuracy and 

flexibility of positioning for navigation, surveying and GIS data capture. The GPS provides continuous three- 

dimensional positioning 24 h/day throughout the world. The three dimentional nature of GPS measurements 

also allows us to determine horizontal as well as vertical displacement at the same time and place (Kalpan, 

1996; Segall and Davis, 1997). The technology seems to be beneficiary to the GPS user community in terms of 

obtaining accurate data upto about100 meters for navigation, metre-level for mapping, and down to 

millimetre level for geodetic positioning. The GPS technology has tremendous amount of applications in GIS 

data collection, surveying, and mapping. 
 

 

Fig. 47 Constellation of NAVSTAR satellites orbiting earth 
 

GPS –Basics: 
 

The GPS uses constellation of 24 satellites, continuously orbiting earth and computers to compute positions 

anywhere on earth (figure 3.14). The GPS is based on satellite ranging. That means the position on the earth 

is determined by measuring the distance from a group of satellites in space. In order to understand GPS 

basics, the system can be categorized into five logical steps: 

(1) Triangulation from the satellite is the basis of the system 

(2) To triangulate, the GPS measures the distance using the travel time of the radio message 

(3) To measure travel time, the GPS need a very accurate clock 

(4) Once the distance to a satellite is known, then we need to know where the satellite is in space 

(5) As the GPS signal travels through the ionosphere and the earth's atmosphere, the signal is delayed. 

To compute a position in three dimensions we need to have four satellite measurements. The GPS 

uses a trigonometric approach to calculate the positions. 

(6) The GPS satellites are so high up that their orbits are very predictable and each of the satellites is 

equipped with a very accurate atomic clock. 

 
 

GPS – Components: 
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The GPS is divided into three major components as listed below: 
 

(1) The Control Segment 

(2) The Space Segments 

(3) The User Segment 

The Control Segment: 

The Control Segment consists of five monitoring stations (Colorado Springs, Ascesion Island, Diego Garcia, 

Hawaii, and Kwajalein Island). Three of the stations (Ascension, Diego Garcia, and Kwajalein) serve as uplink 

installations, capable of transmitting data to the satellites, including new ephemerides (satellite positions as 

a function of time), clock corrections, and other broadcast message data, while Colorado Springs serves as 

the master control station. The monitoring stations track all GPS signals for use in controlling the satellites 

and predicting their orbits. Meteorological data also are collected at the monitoring stations, permitting the 

most accurate evaluation of tropospheric delays of GPS signals. Satellite tracking data from the monitoring 

stations are transmitted to the master control station for processing. This processing involves the 

computation of satellite ephemerides and satellite clock corrections. The master station controls orbital 

corrections, when any satellite strays too far from its assigned position, and necessary repositioning to 

compensate for unhealthy (not fully functioning) satellites. 
 

 

Fig. 48 Different components of GPS 
 

The Space Segment: 
 

The Space Segment consists of the constellation of 24 earth orbiting NAVASTAR satellites. The satellites are 

a a ed i   o ital pla es ith  satellites pe  pla e, e uall  spa ed ◌ apa t alo g the e uato  a d 
inclined at 55 from the equatorial plane. They orbit at altitudes of about 12000, miles each, with orbital 

periods of 12 sidereal hours (i.e., determined by or from the stars), or approximately one half of the earth's 
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periods, approximately 12 hours of 3-D position fixes. The next block of satellites is called Block IIR, and they 

will provide improved reliability and have a capacity of ranging between satellites, which will increase the 

orbital accuracy. Each satellite contains four precise atomic clocks (Rubidium and Cesium standards) and has 

a microprocessor on board for limited self-monitoring and data processing. The satellites are equipped with 

thrusters which can be used to maintain or modify their orbits. 

The User Segment: 
 

The user segment is a total user and supplier community, both civilian and military. The User Segment 

consists of all earth-based GPS receivers. Receivers vary greatly in size and complexity, though the basic 

design is rather simple. The typical receiver is composed of an antenna and preamplifier, radio signal 

microprocessor, control and display device, data recording unit, and power supply. The GPS receiver 

decodes the timing signals from the 'visible' satellites (four or more) and, having calculated their distances, 

computes its own latitude, longitude, elevation, and time. This is a continuous process and generally the 

position is updated on a second-by-second basis, output to the receiver display device and, if the receiver 

display device provides data capture capabilities, stored by the receiver-logging unit. 

GIS helps to present information in a straightforward method to your project. With ArcGIS Server technology, 

it is easier to take the map of something you have created with ArcGIS Desktop software and post them on 

the Web so that your staff and partner in the field can view how a project is developing. 

Critical Infrastructure Protection 
 

The security and the safety of the building are in the hands of the engineers. Utilities, bridges and other 

crucial infrastructures require comprehensive decision-making equipment for preparation response, 

emergency assessment and recovery activities. GIS technology offers situational responsiveness tools for 

combining information from flood evacuation and elevation routes to inspection results and structural 

specifications. 

With vital infrastructure information packed in a geo database, it is easier to display the information in 

actual time on a Web-based map. You can use GIS tools to analyze and combine specific data required to 

meet a required task. Add weather data and current traffic, draw barrier protection regions and share new 

changes in actual time. 

Land Fill Site Assortment 
 

GIS is a useful tool which can be utilized in the search for appropriate new landfill sites. It is also powerful 

technologies that permit correct spatial data processing covering a bigger number of themes. The arrival of 

highly sophisticated high-tech GIS systems, Landsat satellites and digitalized map data and other remote 

sensing devices that helps define land use patterns and infrastructural have dramatically improved the GIS 

potential to aid the progress of more organized approach to landfill site selection. 

This kind of approach should preferably syndicate computerized GIS and geotechnical site analysis 

procedures. Also, there is a need for better transparency in the procedure of site selection to encourage 

public confidence in the nonbiased scientific foundation process. 
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Urban Development and Town Planning 
 

The exceptional growth of urbanization in many countries such as India has caused problems of sanitation, 

power and waste supply, housing, environmental pollutions and disposal of effluents. For a maintainable 

development of urban agglomeration, ideal resources development model and urban land use plan need to 

be generated by integrating the information on demographics, natural resources and socio-economic 

statistics in a GIS domain with the presently available satellite records. 

GIS quickly analyzes and incorporates various types of images and information for sites analysis. It's 

extremely accurate results presented geographically provide insights into interactions and connections as 

clients can relate easily to a simple map. The base map may include serial photos, environmental 

protection areas, city and zoning designations soil and topographic maps. Overlays or pertinent data on 

commercial activity, traffic flow, and population growth combine to paint a significant picture of sites 

constraints and opportunities swiftly. 

Civil engineers use GIS to uphold a track of numerous city and regional displays, predict future essentials of 

the public and plan accordingly to make sure everybody in the community has a functional life. And with the 

changing technology more so, local planning agencies, states, regional and federal have realized GIS power  

to identify the problems and react to them efficiently as they share the outcomes with others. A GIS solution 

offers tools to help touch their agency undertakings while spending less and doing more. 

Watershed Management 
 

GIS improves controls for flow statics, watershed features, and debris flow probabilities and enables the 

watershed allocation using Digital Elevation Models (DEMs). It offers a stable procedure for watershed 

analysis using scandalized datasets and DEMs such as land cover, climates variables, gauging station 

locations and soil properties. Arc Hydro with ArcGIS offers the flexibility to syndicate watershed datasets 

from a map source with river and stream networks. 

Engineers who make use of GIS are able to save money because they no longer require owning expensive 

printers or properties for conscripting such as technical pens and papers. Equally, they don't require having a 

large control of drafters or sketching the same plot of land or a particular structure detail by hand. They only 

need to state a location on GIS mapping. This means improved communication among the team members as 

well as better record keeping when you make changes in the ground. The engineer can draw changes in the 

ground to the progress in the project to advance billing while the phases in the project are finalized. 

ESRI, the firm that developed GIS, assures that GIS allows you to request any question about a particular 

place. GIS will assist you in accumulating and obtaining the date, help you in analyzing and examining the 

data and act on the information received by GIS. ESRI defines this as "acquire, ask, analyze, examine and 

analyze" sequence as the geographic approach since all that happens or has happened before or could 

happen in the future is connected to geography. GIS connects all this information to geography and permits 

you to access and analyze it as long as you are aware where something occurred. 

Spatial Analysis 
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GIS offers tools for demonstrating information to support faster decisions, optimize network and resource 

allocation, characterizes and discover geographic patterns and systematize workflow through a graphical 

modeling environment. 

Spatial Data Management 
 

GIS manages and organizes geographic information to support efficient and fast visualization and logical 

applications, no matter the amount of data held in an organization. Organizations securely store and manage 

massive amounts of spatial information and promulgate data changes between several data sources. 

Transportation Planning 
 

GIS is used to manage transportation and logistical hitches. Once the transportation department is planning 

to construct a new road or a railway route, engineers can perform this by adding topographical and 

environmental data into the GIS platform. It easily points out the best direction for transportation grounded 

on criteria such as least harm to habitat, flattest route, and least disturbance to the local individuals. 

Environmental Analysis 
 

GIS provides exploration to support design including material consumption, hydrology analysis, soil load 

analysis, volume calculations, runoff and air emissions, slope stability, traffic capacity, and erosion control. 

Environmental analysis with GIS permits you to view trends, patterns, and relationships that weren't evident 

without visualization of data. 

Provide Construction Requirements 
 

GIS provides management and mechanics for constructing new infrastructure including earth movement, 

machine control takeoffs, payment calculations, schedules, logistics, materials tracking and traffic 

management. 

Data Collection as Built Surveying 
 

GIS provides tools to accumulate detailed data and document present settings. As-built surveying with GIS 

expertise allows the surveyor to provide data into operational GIS, eradicating costly data conversion and 

minimizing errors. 

Designing 
 

GIS permits the formation of innovative infrastructure data for diverse civil works including, classifying, cross 

sections, stipulations, quantity haul plans, design planning, equipment presentation, and environmental 

improvements plans. This includes incorporation with traditional design outfits such as database and CAD for 

new design capabilities. 

Preparing Response and Retrieving Activities 
 

GIS expertise provides situational awareness and equipment for linking information from flood depth and 

clearing paths for a bridge's mechanical provisions and inspection results. 
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CAD Integration 
 

CAD interoperability is an essential part of ESRI's software solutions. Attainable files on national GIS uses 

Web locations and level CAD documents are adapted and managed from the main location, reducing 

duplicated datasets and giving a platform for all spatial data supply and functionality. 

Results Interpretation 
 

One of the most obvious and interesting features of GIS is the capability to offer analysis results in map form. 

The invention of cartographic quality maps or presentations can provide support in numerous pertinent 

decision processes. More advantages can be achieved using other graphic GIS features. Through interactive 

model visualization, reasonable predictions can be assessed. Visualization can be accompanied by spatial 

queries of model outcomes. Such queries help to identify possible correlations between model predictions 

and input parameters. 

Data Handling 
 

GIS in civil engineering software has a unique ability to capture manage and store spatially referenced data 

such as lines points and polygons or as continuous field. It is used as the spatial file; GIS helps in modeling 

presentations through handling a precise form of data that would else be compromised to store in a spatial 

database. This is one of the most compelling motives for using GIS and the most mentioned benefit. 

Land Analysis 
 

GIS software enhances the optimum land use, functional proficiency of a proposed design, its marketability 

and the general cost-effectiveness of a project. GIS may be used for hydrologic, terrain, visibility analysis, 

and land-use suitability. Also, it can be used to assess the environmental effect for defining the 

consequences of different regulatory requirements. 

Model Application 
 

GIS provides a framework to model spatially neighborhood engineering phenomena. Engineering explores 

that has been traditionally mapping founded such as flood predicting benefit from efficiency in performing 

spatial operations that were achieved manually in the past. 

Visualization and Cartography 
 

By using 2D and 3D, you can experience a more cooperative way of seeing data, picturing change over space 

and time to identify trends and patterns and disseminate knowledge to managers, engineer, regulators, 

clients, and field-based personnel. 

Construction Management 
 

GIS provides the mechanism and management for constructing new infrastructure including machine control, 

intermediate construction, earth movement, traffic management, logistics, material tracking and payment 

calculations. 

Operating and Maintaining Infrastructure 
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GIS mapping models infrastructure network and utility and incorporates other related types of data such as 

CAD drawings and raster images. Display tools and spatial selection allow you to visualize ongoing activities, 

scheduled work, historical information and recurring maintenance problems. 

3D Renderings 
 

Environmental analysis with GIS mapping permits you to view trends, patterns, and relationships that were 

not visibly evident without data design visualization. It allows the formation of new infrastructure for 

innovative civil works including contouring, grading, mass haul plans, equipment staging, and environmental 

mitigation plan. 

Providing Accuracy 
 

GIS saves time and provides accuracy when producing a map for the project. It enables to have exceptional 

maps with various scales at low cost. The map acts as the project document, and it is used in the design stage 

at an estimated cost. The construction manager needs such in their job. 

Regional Planning 
 

Planners use GIS to research implement, develop research and the progress of their plans. It offers surveyors, 

engineers, and planners with the tools needed to map and design the cities and neighborhoods. Planners 

have the technical proficiency, political savvy and financial understanding to transform vision tomorrow into 

strategic action as they make use of GIS to facilitate the process of decision making. 

Space Utilization 
 

GIS helps engineers to arrange and spatially visualize small space and come up with the best way to use it. 

Operational costs can be minimized by using space more efficiently such as managing moves of assets and 

people. 

Properties of rocks 
 

Density, unit weight, specific gravity and water content Density of the rock is the mass of rock per unit 

volume whereas unit weight of the rock is the weight per unit volume. Highly porous rocks and relatively 

poor arrangement of grains (less packing) usually have relatively less densities and vice versa. The bulk unit 

weight considers the bulk (total) volume of rocks whereas the solid unit weight considers volume excluding 

the pores, fissures. Obviously, for porous rocks the unit weight of solid would be relatively higher than the 

bulk unit weight as the value in the denominator is relatively lower due to exclusion of pores and micro 

fractures. 

********************************************************************************* 
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