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Introduction: Definition

Remote sensing means acquiring information about a phenomenon object or

surface while at a distance from it.  This name is attributed to recent technology in which

satellites and spacecraft are used for collecting information about the earth's surface.

This was an outcome of developments in various technological fields from 1960 onward.

Remote sensing can be either passive or active. Active systems have their own source of

energy (such as Radar) whereas the Passive systems depend upon external source of

illumination (such as Sun) or self-emission for remote sensing.

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 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.

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 system, working as links in a complete and each

of them is important for successful operation.



Fundaments of Aerial Photography

Introduction

Remote sensing can be broadly defined as the collection of information about an

object or physical phenomenon without being in physical contact with the object or

phenomenon.  Aircraft and satellites are the most common platforms from which remote

sensing observations are made.  Aerial photography is the original form of remote

sensing and has wide applications in topographical mapping, engineering, environmental

studies and exploration for oil and minerals.  In the early stages of development, aerial

photographs were obtained from balloons and kites.  Later, with the development of

airplane (1903) and specifically during the World War (1914 to 1918), aerial

photography received more attention in the interest of military intelligence.

In India, aerial photographs have been in use since 1920 for aerial surveys and for

interpretation in specific fields such as geology.  Attempts were also made to use

terrestrial photographs obtained from photo-Theodolites for survey purposes around

1899.  Photogrammetric methods for mapping were introduced in the 1948 with the

advent of multiplex stereo plotting instrument.  Later, such equipment was further

augmented with the acquisition of modern stereo plotting instruments during the period

from 1954 to 1956.  Since then, survey of India (the national mapping agency) has kept

itself abreast of the technological changes in the fields of photogrammetric mapping and

aerial photography.

Aerial Photography

Aerial photography is defined as the science of obtaining photographs from the air

using various platforms, mostly aircraft, for studying the surface of the earth.  The sun

provides the source of energy (electromagnetic radiation or EMR) and the photo-sensitive

film acts as a sensor to record the images.  Variations in the grey tones of the various

images in a photograph indicate different amounts of energy reflected from the objects as

recorded on the film.

The earth's atmosphere, which contain various particles and molecules of gases

and water vapor, attenuates the incoming as well the outgoing energy/radiation

(scattering) after interaction (reflectance, transmittance and absorption) with the object

and thus reduces the contrast between different images formed on the photographic film.



Therefore, the quality of aerial photography largely depends upon the atmospheric

conditions prevailing at that time.  Different filter/lens combinations can, however, be

used to eliminate some of the atmospheric effect in black and white photography by

making use of a yellow (minus blue) filter to reduce the effects of haze.  The problem

becomes more complex in the case of colour photography.



Applications of Aerial Photography

Mapping

The application of aerial photography in photogrammetric mapping is an

established procedure all over the world.  It has been found to be fast, accurate,

indispensable in inaccessible areas and cost effective in the long run, as initially the

establishment of a photogrammetric survey/mapping unit involves capital expenditure

due to the cost of photogrammetric instruments and other ancillary equipment.

Interpretation

Photo interpretation has revolutionalized the methods of data collection in various

disciplines.  It greatly reduces the field work and thereby the cost.  The information is

reliable and acceptance for most studies such as in the fields of geology, water resources,

geomorphology, hydrogeology, forestry and ecology, soil surveys and urban and regional

planning.

Map Substitute

In a situation where there are no adequate large scale maps available, aerial

photographs can serve as map substitutes in the form of photomaps.  In the case of

relatively flat terrain, these photomaps can be produced by rectification to remove the

effects of tilt distortion and scale correction.  This method has been found to be three to

four times faster than conventional mapping by photogrammetric methods.  In the case of

hilly terrain, such photomaps (orthophoto maps) can be produced by the orthophoto

technique, which has also proved to be faster than conventional mapping.  In some urgent

situations, simple mosaics prepared from aerial photographs can substitute for maps.



PHOTOGRAMMETRY

INTRODUCTION AND DEFINITIONS

Introduction

Photographs taken from an aircraft commonly termed as aerial photographs have

come to play an ever increasing role in the execution of cartographic mapping on various

scales and in evaluation of natural resources of a region.

All students of natural resources basically involve qualitative examination of the

terrain, the correct correlation of the observed data and finally the evaluation of the data.

The Orthodox methods involve detailed study of the terrain with its attendant handicaps

but modern techniques of investigations make full use of the immense wealth of

information which is recorded on an aerial photograph and thus not only economize and

expedite the investigation but also offer more reliable results.

The aerial photograph offers possibilities of detailed study of the terrain and its

culture suited to the need of the investigator, be he a geologist, forester, soil scientist.

town planner or any other kind of specialist.  The only stipulation is that the specialist

must know what he is looking for and how the information which he is seeking appears in

the aerial photograph.  The result of this qualitative analysis will depend upon the

specialist's level of specialization and experience.

The quantitative analysis which involves measurement of linear distances, angles

and height differences between terrain objects under investigation as well as the

preparation of base maps will only be possible if the geometry of photographs and

technique of photogrammetry are understood.  These chapters will deal with those

aspects of photogrammetry which should form the base of photogrammetric knowledge

for photo-interpreters in the disciplines of geology, forestry, soil sciences and town

planning.

Definitions

Photogrammetry: The science or art of obtaining reliable measurements by means

of photographs (taken from calibrated cameras).

Photo-interpretation:  The art of examining photo-images for the purpose of

identifying objects and judging their significance.



Flying height:  The vertical distance of the aircraft in flight above a given datum

(usually mean sea-level).

Datum plane: A reference plane in relation to which the positions of other points

are determined, e.g. heights are reckoned from the mean sea level. Hence, mean sea level

is the datum plane for height.

Exposure station: The point in space or on the ground occupied by the camera

lens at the moment of exposure.  This is also called camera station.  In the case of aerial

photography it is also called air station.

Exposure interval: The time interval between two successive exposures.

Exposure time: The time during which the light sensitive material is subjected to

the action of light, i.e. the time during which the camera shutter is open to allow the light

to enter the camera.

Air base:  The line joining two successive camera stations of aerial photography

or its length.

Negative: A photographic image on film or plate in which the subject tones are

reversed, i.e. dark appears light and light appears dark or complementary it colors are

concerned.

Tone: Each distinguishable shade variation from black to white.

Positive: A photographic image having approximately the same rendering of tones

as the original subject photographed.

Diapositive: A positive photographs on a transparent medium is called

diapositive.

Contact print:  A print made from a negative or a diapositive in direct contact

with sensitized material.

Fiducial marks:  These are index marks, usually four which are rigidly connected

with the camera lens through the camera body and which form images on the negative

when exposure is made.  This set of four fiducial marks defines the principal point of the

photographs in an adjusted camera.

Fiducial axis: The ling joining opposite fiducial marks on a photograph.

Corresponding images:  The images of the same object on two or more

photographs.



Overlays:  Amount by which one photograph overlaps the area covered by

another.  It is expressed as a percentage.  The overlaps between aerial photographs in the

same strip are called forest and aft overlap or forward lap and end lap.  The overlap

between photographs of adjoining strips is called Lateral overlap or side lap.

Strip: Any number of overlapping photographs taken along a photo-flight line,

usually at an approximately constant altitude.



AERIAL CAMERA LENS AND AERIAL PHOTOGRAPH

1. Aerial Camera

A camera specially designed for use in aircraft.  The camera is a light proof

chamber or box in which the image of an exterior object is projected upon a sensitized

plate or film through an opening, usually equipped with a lens, shutter and variable

aperture.  In India the aerial cameras available are RC-5(a), RC-8 (universal), RC-10,

RMK 'A', Eagle IX, I.I.S. (multiband), MK-70 and EL-500 types.

2. Photographic Lens

The essential fact of photography is that an image projected through a converging

lens system is recorded on a sensitized surface upon which it can be developed and fixed.

The function of photography is that an image projected of objects on the negative

plane, i.e. on the emulsion surface of film stretched in the focal plane.

Lens equation is: 1/u + 1/v = 1/f

u is the distance of object from the lens, v is the distance of image from the lens

and f is the focal length of the lens.

In an ordinary camera, image is brought to a clear focus by adjusting the negative

plane, i.e. adjusting v, but in a surveying camera (used for air photography) u is very

large compared to f (e.g. f = 6 inches, u = 30,000 ft) and may be assumed infinitely great

compared to v, so that v equals f (approximately).  The camera is, therefore, not provided

with any focusing arrangement and hence is a fixed focus camera.  All images are formed

in the focal plane which passes through the rear principal focal point F and is

perpendicular to the optical axis (principal axis of the lens).  This plane is called the

negative plane or focal plane.

In aerial photography, the rays from the object space meet the principal axis at a

point called Front Node N1 and leave it at Rear Node N2 towards the image space,

parallel to their respective directions.  That means, any ray which appears to converage at

N1 appears to diverge from N2.

The Front Node N1 is often called External Perspective Centre and the Rear Node

N2 the Internal Perspective Centre.  The line joining these two points is the optical or

principal axis of the lens system.



A single lens cannot produce a perfect image and the object point will not be

images as a point but as a blur.  Image imperfections are called aberration and are

classified as:

 Spherical aberration

 Coma

 Chromatic aberration

 Astigmatism

 Curvature of the field

 Lens distortion

In order to have good image quality which is very essential for photogrammetry

and photo-interpretation a combination of lenses of glasses of different optical qualities

e.g. refractive indexes are used in a photographic lens to do away with or minimize the

aberration effects.  As such the nodes N1 and N2 may have an appreciable separation.

Now we may define focal length, the knowledge of which is of great importance

in photogrammetry, as the distance of the internal perspective centre from the negative

plane – the plane of best average definition.

Nodal Point Separation

The flying height 'Z' above the terrain is so large that the separation of N1 and N2

is negligible compared to it and replaced by a point for the determination of Z (flying

height), but for the determination of focal length this separation N1, N2 is significant.

3. Aerial Photograph

Types of Photographs

Photographs which are used for mapping and photo-interpretation can be divided

into the following main classes according to the direction of the camera axis:

a) Vertical photographs b) Horizontal or terrestrial photographs and c) Oblique

photographs.

The terms 'vertical' and 'horizontal' refer to the direction in which the camera axis

was pointing at the time of exposure.



Vertical Air Photographs

These are taken with the axis of the aerial camera vertical or nearly vertical.  A

vertical photograph closely resembles a map and is particularly suitable for obtaining

uniform coverage.  As these photographs can be obtained with reasonably low tilt (tilt is

deviation of the camera axis from the vertical) they are generally used for mapping and

photo-interpretation work and also extension of control.

Terrestrial Photographs

These are taken with photo-theodolites from camera stations on the ground with

the axis of the camera horizontal and they present the more familiar elevation view.

These types of photographs are used for survey of structures and monuments of

architectural or archaeological value.  Terrestrial photographs taken with normal good

cameras can also be of considerable use in supplementing photo-interpretation of vertical

aerial photographs particularly so in geology and forestry, where study of a profile may

be needed.

Oblique Photographs

Aerial photographs taken with the optical axis of the aerial camera tilted from the

vertical are known as oblique photographs.  These photographs cover large areas of

ground but clarity of details diminishes towards the far end of the photographs.  Aerial

photographs on which the horizon does not appear are known as low oblique and are,

sometimes, used to compile reconnaissance maps of inaccessible areas.  High oblique

photographs, which are tilted sufficiently to contain the horizon, were previously used for

extension of planimetric and height control, when the available ground control was

insufficient to provide necessary accuracy.  These have very limited use at present.

There are combinations of above types of photography taken with two or more

cameras in a single camera unit in the photographic air plane.



i) Convergent Photographs

These are low oblique photographs taken with two cameras exposed

simultaneously at successive exposure stations, with their axes tilted at a fixed inclination

from the vertical in opposite directions in the direction of the flight line so that the

forward exposure of the first station forms stereo-pair with the backward exposure of the

next station.  Special plotting instruments are required for compiling topographical maps

from convergent photographs.

ii) Trimetrogon Photography

Another type of photography which is a combination of a vertical and two oblique

photographs is time trogon photography, in which the central photograph is vertical and

the side ones are oblique.  This photography can be used for rapid production of

reconnaissance maps on small scales.

Classification According to Angle of Coverage

Another classification of aerial photographs is based on angle of coverage.  The

angle of coverage is defined as the angle, diagonal of the negative format subtends at the

rear node of the lens or the apex angle of the cone of rays passing through the front nodal

point of the lens.

We distinguish

Standard or normal – angle photography

The angle of coverage is of the order of 60 degrees

Format size (i)18 cm x 18 cm, f = 21 cm

and (ii)23 cm x 23 cm, f = 30 cm

Wide – angle photography

The angle of coverage is of the order of 90 degrees

Format size (i)18 cm x 18 cm, f = 11.5 cm

and (ii)23 cm x 23 cm, f = 15 cm



Super wide or ultra-wide angle photography

The angle of coverage is of the order of 120 degrees

Format size (i)18 cm x 18 cm, f = 70 mm

and (ii)23 cm x 23 cm, f = 88 mm

Narrow – angle photography

The angle of coverage is less than 50 degrees

Information recorded on Aerial Photographs

The following information appears on all aerial photographs:

a) Fiducial marks or collimating marks for the determination of the principal point

b) Altimeter recorded for determining the flying height of the aircraft at the moment

of exposure above M.S.L. (mean sea level)

c) Watch recording gives the time of exposure

d) Level bubble indicates the tilt of the camera axis at the moment of exposure (not

very accurate)

e) Principal distance for determining the scale of the photograph

f) Number of the photograph, the strip number and the specification number for easy

handling and indexing of photographs

g) Number of the camera, so that the camera calibration report can be obtained, if

required

h) Date of photography



GEOMETRY OF AERIAL PHOTOGRAPHS

Projection

In order to understand the geometric qualities of a photograph it is necessary to

understand what projection means in terms of geometry. In the examples given the

triangle ABC and the line LL’ on which the projection is made are in the same plane.

a) Parallel Projection

In this projection, the projecting rays are parallel. The triangle ABC is projected

on the LL’. The projection of the triangle is ‘abc'. The projection rays Aa, Bb, Cc, are all

parallel in this case.

b) Orthogonal Projection

In this case the projecting rays are all perpendicular to the line LL'. This is a

special case of parallel projection. Maps is an orthogonal projection of the ground on a

certain scale. The advantage of this projection is that the distances, angles and areas in

the plane are independent of the elevation differences of the objects.

c) Central Projection

The projecting rays Aa, Bb, Cc, pass through one point 0, called the Projection

Centre or Perspective Centre. The image projected by a lens system is treated as a central

projection, (though stringly it is not, as the lens is not a single point).

TILT

It is the angle between the optical axis of the camera and the plumb line. It is also

the angle between the ground plane and the photo plane. Tilt can be resolved into two

components, one in the direction of flight (the X-axis) and the other perpendicular to it

(the Y-axis).

i) The component about the Y-axis, i.e. in the direction of X is called Longitudinal

Tilt or X-tilt or Fore and Aft Tilt or Tip. It is denoted by letter (Phi).

ii) The component about the X-axis, i.e. in the direction of Y is called Lateral Tilt or

Y-Tilt or simple Tilt. It is donated by letter (Omega)



The vertical ON through the perspective center meets the photo plane at point 'n’

called the Photo nadir point and the ground plane at point N called the Ground nadir

point. These points are also called Plumb Point. The foot of the perpendicular (p) from O

on the photo plane is called Principle Point. The length of this perpendicular (op) is called

Principle Distance.

The approximate position of the principal point of a photograph is determined by

joining the opposite fiducial marks (or collimating marks). Line joining opposite fiducial

marks is known as fiducial axis. The point of intersection of the fiducial axes is called

fiducial centre (0 and is, for practical purposes, coincident with the principal point (p) in

a well adjusted camera.

Reasons for Photo Tilt

i) Atmospheric conditions (air pockets or currents)

ii) Human error of the pilot fails to maintain a steady flight

iii) Imperfections in the camera mounting, etc.

SWING

Swing is the angle measured in the plane of the photograph between the fiducial

axis in the direction of flight and the actual flight line. The angle is denoted by (Kappa).

ELMENTARY MATHEMATICAL CONCEPTS

An aerial photograph, as already discussed, is a central perspective. In an ideal of

an absolutely vertical photograph of a completely flat terrain the aerial photograph will

be geometrically the same as the corresponding map of the area. However, because of tilt

of the photograph and relief variation of ground photographed, aerial photograph differs

geometrically from the map of the corresponding area.

The central perspective (a case of central projection) is characterized by the fact

all straight lines joining corresponding points, i.e., straight lines joining object points

their corresponding images, pass through one point. This point is known as the

perspective centre.

Straight lines AA’, BB’ etc., joining corresponding points, e.g. A on the ground

and A' its image in the image plane (negative plane), are known as perspective rays and



pass through the perspective centre ‘S’. A plane between the perspective centre and the

object is known as a positive plane. The consideration of a positive plane does not

involve any significant geometrical change in the relationship. The purpose of

Photogrammetry is to produce an orthogonal projection of image of the object from its

central projection (i.e., from perspective pictures-photographs) by using the geometrical

links between the object and its photo-image at moment of exposure.

Properties of Central Projection

To study the properties of an aerial photograph it is necessary to understand

geometry of central (perspective projection). Some properties of this projection will deal

with in what follows: Plane I can be considered as ground plane and Plane I] positive

plane (photograph).

a) AB, the line of intersection of the object and image planes is known as the axis

homology. It is also known as the axis of perspective.

b) SN and Sp are the perpendiculars from S on to the planes I and II intersecting

plane I at N and P and plane II at n and p respectively. The bisector of the angle

PSN me the principle line, EF in plane I and EH in plane II in I and i. These

points are iso-centre is that angle measured at I in plane I are the same as

corresponding angles measured at i in plane II. It is very important to remember

that angles are true at the iso-centres only when the ground is flat.

c) A plane parallel to plane I and passing through the perspective centre ‘S’ cuts the

plane II in a line CD which is known as the horizon line. Horizon Line and Axis

of homology are always parallel to each other. All horizontal lines parallel to the

horizon line or axis of homology are termed as plate parallel. The plate parallel

passing through the iso-centre ‘i’ is termed the isometric parallel or iso-line. It can

be proved that this is the only parallel along which the scale = f/H, i.e., the same

as in the case of a vertical photograph. A line through the perspective centre

perpendicular to the principal plane is called axis of tilt.

d) Image of all objects infinitely distant on the right of AB will be formed on the

horizon line. Points on the horizon line arc known as vanishing points. Thus

images of parallel lines in the ground plane converge to a vanishing point. TI

images of all lines parallel to the principle line in the object plane will converge to



a vanishing point H, the point of intersection of horizon line and the principal line

in the photo-plane. Ii is a fundamental property of perspective projection that a

line in one plane projects as a line in the other plane, the two lines meeting at the

axis of homology, e.g. line XY in ground plane projects as X'Y' in photo plane.

e) A plane which is perpendicular to both the planes and passes through the

perspective centre is known as the principal plane. The lines of intersection of this

plane with the two planes are known as Principal lines. EF and EH are principal

lines. The angle ‘0’ between the principal lines is the angle between the

perspective planes. When this angle ‘0’ is equal to Zero the plane II can be

considered as a vertical photograph. In normal vertical photography this angle

should not exceeds 3 or 4 grades.

f) Any point in plane I such as X has a corresponding position X’ in plane II. Such

pairs are called homologous points.

g) If two planes are projectively related as in figure certain important relationships

exist between the corresponding details in plane I and II.

Lines O’l, O’2, O’3 and O’4, on plane II are the images of lines Ol, O2, O3 and O4

in plane I. Let there be another line UV in plane I which cuts the lines Ol, O2, etc. in 1’,

2’, 3’ and 4’ then it can be shown that

12/13 1’2’/1’3’
--------- = ----------- =  r
24/34 2’4’/3’4’

This ratio is known as the Anharmonic ratio (or Cross-ratio) of the four distances.

Because of the constancy of this ratio, a unique position can be found for the line UV in

plane II as well so that 1’ falls on line O’l, 2’ falls on line O’2 and so on. This property is

used in graphical rectification.

SCALE OF PHOTOGRAPHS

Scale is the relationship between distance on a map or photo and the actual

ground distance. Scale is represented in two says:

a) Equating different units of measurement on map and ground, i.e. 1 inch = 1 Mile.

64 inches = 1 Mile



b) As R.F. (representative fraction) in which the numerator is unity, e.g. 1:10,000 or

1/10,000 which means 1 unit on the map or photo represents 10,000 units on the

ground.

Methods of scale determination

In decreasing order of accuracy these are:

i) By establishing the relation of photo to ground

If the distance between the same two points on the photo as well as on the ground

can be measured, R.F. can be set up:

Photo distance
R.F. = ----------------------

Ground distance

ii) By establishing the relation of photo to ground with the help of a map

If the distance between two points on a photo which can be located on the map as

well is measured, the horizontal measurements of these distances form a ratio, which

when multiplied by the R.F. of the map gives the R.F. of the photo. If ‘g’ be the ground

distance between two points, ‘m’ the map distance and ‘p’ the photo distance then R.F. of

map is m/g and R.F. of photo scale is p/g.

R.F. of photo p/g p
-------------------- = ------ = -----

R.F. of map m/g ni

p
Hence R.F. of photo = --- x RF. of map

m

iii) By establishing the relation between focal length of the camera and the flying
altitude

In a true vertical photograph of fiat terrain the scale of photograph is the ratio f/H.

Distance ‘AB’ is imaged as ‘ab’ on the photo.

Photo distance
Scale of the photo = ----------------------

Ground distance

ab
= -----

AB



f
= ----- (from similar triangles OAB & Oab)

H

If the terrain is not fiat, the scale of the photograph is not uniform. Hmi is the

flying height above the average height of the terrain photographed.  Then the average

scale of the photograph = f/Hm. The scale of photo for a point A which is at a height of h

meters/ft above the average ground level.

f
= ---------- (the units of focal length and the heights being in the same terms)

Hm – h

Similarly, the scale for another point B which is at a vertical distance 'd' metres/ft

below the average terrain level

f
= ----------

Hm + d

Thus the scale of photograph is not uniform if there is irregular terrain. We can

determine either the average scale of the photograph as a whole or the scale of the

photograph at a particular point or elevation. Higher areas will be on a larger scale than

that of lower vellies. In tilted photograph the scale is not constant. it is constant along

any plate parallel (if the ground is fiat). The scale along isometric parallel (discussed

earlier) is true, i.e., equal to f/H. The scale increases continuously on the nadir point side

of the iso-centre and decreases continuously towards the principal point side of it. Thus

we arrive at an important result:

The scale of aerial photograph changes irregularly due to height difference in the

terrain but continuously due to inclination of the camera axis.

Resolution

Resolution of aerial photograph is expressed in lines pair per millimeter, i.e.,

numbers of lines and equal size gap can be resolved. We can get approximately 20 lines

pair per mm on the scale of the original negative. For example if the original scale of

negative is 1:10,000, then the ground resolution will be –

1 1
----------- X 10, 000 mm = ----- x 10,000 mm = 25 cm on the ground.
(20+ 20) 40



IMAGE DISPLACEMENT

On a planimetric map all features/details are shown in their correct horizontal

position on a certain scale. This is not so in the case of aerial photographs due to image,

displacement or distortion. A disturbance of the principle of geometry is called

displacement/distortion. There are three major sources of displacement/distortion which

arc due to: optical or photographic deficiencies i.e. lens distortion and aberration; relief

variation of the object photographed and tilt of the camera axis at the moment of

exposure.

(a) Lens distortion

Object point O is imaged at I’ instead of its correct position I on the image plane.

d is the image displacement in this case. In the modern aerial camera lens this type of

distortion is negligible.

b) Image displacement due to relief

Relief is the most significant source of image displacement. O is the camera

station. NA’ is a fiat plain on which stands a tower AB with its base at B. The image of B

on the truly vertical positive photographic plane is b. This is the correct planimetric

position (orthogonal) of the image of the tower AB. Top A is imaged at ‘a’. The image of

A is thus displaced from its correct planimetric position b, as ‘A’ is vertically above ‘B’,

on the photograph. This shift of ‘a’ from ‘b’ represented by distance ba is called relief

displacement. Let h be the height of the tower, H the flying height above the datum plane,

n and N be the photo and ground nadir points.

na
The scale of photo along na is ------

NA'

ab
The scale of photo along ab is ------

BA'

Since the photograph is truly vertical and datum plane is truly horizontal the scale

will be constant.

ab na
Hence ----- = ------

BA' NA'



ab BA'
or ----- = ----- ------ (1)

na        NA'

From similar triangles ONA' and ABA'

BA'        h
----- = -----
NA'       H

ab h
Equation (1) becomes ----- = -----

na H

h
Hence ab  =  na -----

H

If we denote ‘ab’, the displacement by r’ and na, the distance between the nadir

point and the image of top of the object by r then we can write the above equation as

h
r’ = r -----

H

From (his relation we conclude

i) Relief displacement increases with increasing value of ‘r’ i.e., it is zero at plumb

point and maximum at the edges of the photograph.

ii) Smaller the height of the object, smaller is the displacement and vice versa. If h =

o, i.e. for objects in the datum plane there is no displacement.

iii) With increasing value of ‘H’ i.e. with high flying heights the displacement

decreases. The satellite pictures can thus be considered having very low relief

displacement.

It can also be proved that the relief displacement is radial from the plumb point.

While relief displacement constitutes a source of error in the measurement of

horizontal distances on aerial photographs, it is the characteristics that make it possible to

study overlapping photographs stereoscopically and in the determination of height

differences between objects photographed.



c) Image displacement due to tilt

I. Flat Terrain - Let O be the perspective center I and II be the positive planes for a

truly vertical and tilted photographs respectively. The figure shows a cross-

section in the principal plane. For a point ‘A’ which appears at a’ in I and at a in

II, the displacement is equal to ia' - ia. It can be shown that it is equal to

ia2 Sin 
---------------
f – ia Sin

and is radial from the isocentre. For a point b in plane II (Fig. 10) which does not lie in

the principal plane and is that an angle with principal line at the isocentre 'i', the tilt

displacement which is still radial from the isocentre can be shown to be equal to

ib2 Sin Cos2
ib' – ib = ----------------------

f – ib Sin Cos

The displacement due to tilt is outward from the isocentre when the point is nadir

point side of the isometric parallel and inward when on the principal point side.  If the tilt

is small n and i will be closer to p and, therefore, for near vertical photographs we assume

that the relief displacement is radial from the principal point. (principal point coinciding

with the nadir point and the iso-centres for all practical purposes) and the displacement

due to tilt is negligible. This assumption is valid for all graphical methods of plotting,

mean height of relief being less than 10% of the flying height. The only mark easily

available on the photograph is the principal point which can be easily plotted and is

convenient to use. The iso-centres or the plumb point, though easy to define are difficult

to locate on the photograph.

II. Accidental Terrain - We know that displacement due to relief is radial from the

plumb point and that displacement due to tilt, in case of flat terrain, is radial from

the iso-centres. There is, however, no such point on the photograph where angles

are true to the corresponding angles on the ground in the case of accidental terrain

i.e. terrain in which there is elevation differences.



STEREOSCOPIC VISION AND STEREOSCOPES

For deriving maximum benefit from photographs they are normally studies

stereoscopically. A pair of photographs taken from two camera stations but covering

some common area constitutes a stereoscopic pair which when viewed in a certain

manner gives an impression as if a three dimensional model of the common area is being

seen. The basis of this subjective impression is dealt in the end of this lesson.

Depth Perception

Human beings can distinguish depth instinctively. However, there arc many aids

to depth perception, for instance, closer objects partly cover distant objects or distant

objects appear smaller than similar objects nearby. These aids apply to monocular vision.

For short distances binocular vision is more important and is of interest to

Photogrammetrists, for it is binocular vision which enables us to obtain a spatial

impression of a MODEL formed by two photographs of an object (or objects) taken from

different view points.

Normally, our eyes give us two slightly different views, which arc fused

physiologically by the brain, and result in a sensation of seeing a model having three

dimensions. This three-dimensional effect, due to binocular vision, is very limited

however, decreasing rapidly beyond a viewing distance of one metre. Thus it may be

concluded that binocular vision is primarily an aid in controlling and directing the

movements of one’s limbs.

A small percentage of the people do not have the facility of binocular vision and

no amount of training will give it to them. Unfortunately, there is no known Physical aid

to provide stereoscopic sight to such people who do not possess it naturally, but training

can help those having weak fusion.

Requirements of Stereoscopic Photographs

If, instead of looking at the original scene, we observe photos of that scene taken

from two different view points, we can, under suitable conditions, obtain a three

dimensional impression from the two dimensional photos. This impression may he very

similar to the impression given by the original scene, hut in practice this is rarely so.



In order to produce a spatial model, the two photographs of a scene must fulfill

certain conditions:

a) The camera (spatial) axes should be approximately in one plane, though the eyes

can accommodate the difference to a limited degree.

b) The ratio B/H, in which B is the distance between the exposure stations and H is

the distance between an object point and the line joining the two stations, must

have an appropriate value. In aerial photogrammetry this ratio is called the base-

height ratio. If this ratio is too small, say smaller than 0.02, we can obtain a fusion

of the two pictures, hut the depth impression will not be stronger than if only one

photograph was used. The ideal value of B/H is not known, but is probably not far

from 0.25. In photogrammetry, values upto 2 are used, although depending on the

object, sometimes much greater values may be appropriated.

c) The scale of the two photographs should be approximately the same. Difference

upto 15% may, however, be successfully accommodated. For continuous

observation and measurements, differences greater than 5% may be

disadvantageous.

d) Each photograph of the pair should be viewed by one eye only, i.e., each eye

should have a different view of the common overlay area.

The brightness of both the photographs should be similar.

Such a pair of photograph is known as stereoscopic pair or stereogram.

Stereoscopic vertical photography is the most commonly used one in aerial

survey. The terrain is covered with strips of photographs. Overlap between two

photographs in the same strip varies from 55 to 90%. Overlap of adjacent strips varies

from 5 to 55%. The most usual overlaps are, in the strip, 60% and between two adjacent

strips, 15%.

Mathematical Consideration

In order to study how the most natural impression of a stereoscopic pair of

photographs is obtained, we will give some definitions. Two convergent photographs in

positive positions are shown. The perspective centres O1 and O2 are on one side and two

points P and Q of a scene are behind the positive planes. The line joining the perspective

centres O1 and O2 (the base) is called the epipolar axis.



The points of intersection of the epipolar axis with the positive planes are called

epipoles (K1 and K2). Plane through the epipolar axis and an object point (plane O1 O2 or

plane O1 O2 Q) is called an epipolar plane. Lines of intersection of epipolar planes with

the positive planes are called epipolar lines (rays) (K1P1, K2P2).  The condition in which

the corresponding images of a streopair of photographs lie in the same epipolar plane is

called correspondence.  Departure from this condition is called want of correspondence.

When we focus our eyes on some object, the eye base and the object are in the

same plane. If we press slightly on one of the eye balls upward, we disturb the plane (i.e.,

disturb the correspondence condition) and we get a double image of the object. The

vertical difference between the two images has the character of a vertical parallax or y-

parallax. Obviously, a squint-eyed person who constantly has such a defect in his eyes

will not be able to see stereoscopically. In precise stereo plotting, instruments provision is

generally made to correct for squint.

In natural stereoscopic vision we observe always in an epipolar plane, determined

by the two eyes and the object. In artificial stereoscopic vision we have to create this

situation. This can be achieved

a) By giving the photographs relatively the same position as they had during

exposure and placing the eyes in the perspective centres.

b) If the photographs arc observed while they arc in one plane (e.g. on that table), by

positioning them in such a way that corresponding epipolar lines are collinear and

in one plane with the two eyes. Thus, rotation of the photographs is necessary

during scanning, if epipolar lines are not parallel. This is the case in convergent

photography.

If the optical axes are vertical and the flying height the same, epipolar axis will

be parallel to the negative planes. Then the epipolar lines arc all parallel to the epipolar

axis (because the epipole is at infinity). Thus vertical photographs need no rotation during

scanning.

Binocular observation of stereoscopic photographs

Accommodation and convergence

If we have a pair of stereoscopic photographs in front of us, on paper, glass plates

or projected with projectors and they are oriented in such a way that epipolar lines are



situated in the way described before we can observe them in different ways. In order to

evaluate the different ways of observation, we have to use the terms accommodation and

convergence. Accommodation refers to focusing of eye-lens to see objects sharply at

different distances. An un-accommodated eye is considered to be focused at infinity.

Convergence refers to the directing of lines of sight (i.e., the optical axes) of the

two eyes to the same point. The optical axis of the eye can be changed in direction by

rotating the eye in its socket. The angle the eye base subtends at the point is called angle

of convergence or parallactic angle.

Normal reading distance is 250 mm, i.e., while reading we accommodate and

converge the eyes at this distance. As the eye-base is one an average about 65 mm (2.5

inches) for human eye, the angle of convergence them is approximately 16 degrees. (The

line joining the nodes of the eyes is called eye-base or the interocular or interpupillary

distance. The relation between the accommodation distance (d) and angle of convergence

(in radians) is given by

E
 = -----

D

E, being the interpupillary distance.

Normally accommodation and convergence are automatically linked up. If we

look at a point at a certain distance, accommodation and convergence are set for that

distance. We can disconnect this link but not without much strain on eyes. A lot of

practice is required fur accommodation at a distance other than the distance of

convergence.

There are three ways of observation of stereoscopic photographs:

a) Observation with Crossed eye axes

This involves looking with the right eye at the left photograph and with the left

eye at the right photograph. The convergence and accommodation are at two different

distances, and this type of observation is, therefore, very tiring. Large photographs can be

used conveniently by this method, but due to strain on the eye, this method is not used in

practice.



b) Observation with parallel eye axes

This method is possible without any optical aids, but is tiring as well as the eyes

are converged on infinity, yet accommodating at approximately 250 mm (Fig. 13(b). It is

less tiresome if positive lenses are placed between the eyes and the photographs so that

the photos are placed at the focal length of the lenses. The accommodation then

corresponds with the convergence and the eyes are viewing naturally. The ‘pocket-

stereoscope’ was developed on this principle.

c) Observation with convergent eye-axes

When the accommodation and convergence arc at the same distance the viewing

is least tiring and this is the normal method of viewing. But in order to view the photos

stereoscopically they must be superimposed, such that the point A and the corresponding

point A’ on the other photo lie at the point of convergence.

The images have to be separated so that left eye sees only the left hand

photographs and the right eye only the right hand photograph. The resulting stereoscopic

perception is similar to that of normal three dimensional perception. The separation may

he achieved by colour filters or by polarized filters.

There is an interesting phenomenon in Stereoscopy. In viewing terrain in aerial

photography a reversal of the relief is sometimes obtained by the eyes. Such a

phenomenon is known as pseudoscopic illusion or Pseudo copy. Such an impression can

be obtained by viewing the photos with crossed eye axes. Sometimes, viewing with the

shadows in case of excessive relief (e.g. hills) away from the observer can also result in

pseudoscopy. So, in the initial stages, to avoid pseudoscopic view, it is desirable to view

the photographs with shadows of objects falling towards the observer.

Separation by colour filters

The photos are either projected or printed in two different colours. By placing a

filter of the same colour over each eye corresponding picture is observed by one eye only.

In practice this problem is difficult to solve completely. The human eye is sensitive for

light with wavelength from 400 to 720 milli-microns (mu). The vertex lies at about 560

mu. A possibility for separation of the two superimposed images would be to use filters

of which one cuts off all wave length over 560 mu (its colour would be blue-green) and



the other all under 560 mu (orange-red). The image projected in orange-red can be

observed with an orange-red glass in front of the eye. With the blue-green image it is just

opposite. This means, we have on one of our retina at bluish image from one projector,

and on the other a red one from the other projector. We seem to be able to fuse these

different images to one stereoscopic white-black image.

In the case of analysis printed on paper the condition is different from that

described above. The two images are printed in red and blue. The eye covered with the

red filter sees both the red image is indistinguishable and only the blue image is visible as

varying shades of grey. Similarly the eye covered with the blue filter seems the red image

only. If the spectacles are reversed, we see the LH photograph with the right eye and vice

versa. A pseudoscopic image will result.

Separation by polarized filters

Light has the characteristics of a wave motion in which the waves vibrate in all

possible planes perpendicular to the direction of prorogation. These are called transverse

waves. It is possible to analyse the transverse waves into separate components along two

axes perpendicular to each other and to the direction of propagation by means of filters.

For stereoscopic vision the filters are placed so that polarized light rays forming

the left image are at right angles to the light rays forming the right image. There are

several advantages in using polarized light:

- light loss is about 50% only in both projections,

- there is not colour contrast between the two picture, and

- it is possible to use colour photography on this principle

However, there is one big disadvantage in using the method, which has so far

prevented its use in photogrammetry. With the type of plotting instrument which uses this

system, it is important that the screen on which the image is projected be diffuse, so that

it can be viewed equally well from all directions but a diffuse surface acts as a

depolarizer and so no stereoscopic image would be apparent.

STEREOSCOPES

The function of a stereoscope is to deflect normally converging lines-of-sight so

that each eye views a different photographic image.



Stereoscopes are grouped into 2 basic types:

i) Lens stereoscopes

ii) Mirror prism stereoscopes

Pocket Stereoscope

By far the most popular is the lens stereoscope commonly known as pocket

stereoscope. The pocket stereoscope usually has plane-convex lens, upper side flat with a

focal length of 100 mm. The rays entering the eyes are now parallel and converge at

infinity and have been accommodated (focused) at 100 mm distance (Fig. 15). Since the

normal viewing distance is 250 mm, a closer view, i.e. at 100 mm results in a

magnification. The magnification is then 250/100 = 2.5. More expensive types have a

changeable eye-base. Such a refinement is not necessary for operators with an average

eye-base range of 60 to 68 mm. The pocket stereoscope is cheap, transportable, and has a

large field of view. It has two big disadvantages:

a) Limited magnification. Pocket stereoscopes with more than three times

magnification cannot be equipped with simple plane-convex lenses, due to the too

large an increase in lens aberrations. In addition the distance between the head

and the photos becomes too small for adequate illumination without undue

complications.

b) The distance between corresponding points on the photos must be equal to or

smaller than the eye-base. With normal size photographs this becomes difficult or

impossible without bending or folding the photos.

It should not be forgotten, however, that due to the simple optical system the

image quality of the pocket stereoscope is very good.

Mirror Stereoscope

The two above mentioned drawbacks have led to the development of the mirror

stereoscope. The normal size photos (23 cm x 23 cm) can be separated and seen under the

stereoscope without folding them. The path of the bundle of rays has been diverted and

brought to the eyes at 65 mm separation. This is achieved by reflecting mirrors. Normally

the distance between corresponding points is kept at 240 mm so that photographs are

placed separately, i.e., it effectively increases the eye base from 65 mm to 240 mm. As in



pocket stereoscope the picture must be at the focal plane of the lenses in order to have

convergence at infinity. The mirrors M 1 are placed in such a way that the picture

distance via the small mirrors M2 (generally prisms) become equal to the focal length of

the lens, usually 300 mm. This gives approximately 250/300 = 0.8 x magnification, or

rather reduction the picture observed, to magnify the image additional oculars of

magnification 3x to 8x can be used over the prisms or a lens placed before each prism

giving a magnification of about 1.8x.

Classification of aerial photography

There are different criteria to classify aerial photographs depending upon the

scale, tilt, coverage, film and spectral coverage/response. These classifications can be

defined as follows:

Scale

 Large scale: between 1:5,000 and 1:20,000

 Medium scale: between 1:20,000 and 1:50,000

 Small scale: smaller than 1:50,000 (Scale classification may differ from country

to country)

Tilt

 Vertical: when the tilt is within n 3 (nearly vertical)

 Oblique: Low oblique (horizon does not appear but tilt is more than 3o), high

oblique (horizon appears)

 Horizontal or terrestrial: camera axis is kept horizontal.

Angular Coverage

 Narrow angle: angle of coverage less than 50 degrees

 Normal angle: angle of coverage of 60 degrees.

 Wide angle: angle of coverage of 90 degrees

 Super-wide angle: angle of coverage of 120 degrees



Film

 Black and white panchromatic

 Black and white infrared

 Colour

 Colour infra-red/false colour

Spectral coverage/response

Multispectral: Depending upon the number of spectral bands.

As indicated above, a wide variety of photographic data products is available for

map makers, interpreters and resources scientists from which they can derive data

relevant to their specific needs. A thorough knowledge of the characteristics of these data

products is therefore imperative to derive the maximum benefits and to optimize the work

procedures.

Photographic products

In all aerial photographic tasks, the images are recorded on film negatives, which

are seldom used for mapping or interpretation. Positive prints or transparencies/

diapositives prepared from the film negatives are used for photogrammetric mapping as

well as for interpretation work. The criteria for good positive prints are that the prints

should represent the actual response and reproduce all the details in the negative in a

manner that permits easy recognition.

The positive materials in use are paper, film, and glass plates. Positive

transparencies, which are also called diapositives, are better as, they record all the details

present in the negatives. Diapositives are therefore used when high precision and quality

are the goals. Paper prints are, however, so much easier to handle that they are always

used for photo-interpretation and field checking. The different types of photographic data

products are detailed below.

 Negatives on film (polyester based): previously on glass plates also.

 Diapositives/transparencies on film

 Contact prints on photographic paper of various grades and types. Such

photographic papers are available in grades of soft, medium and hard, and are

used to obtain contact prints of optimum contrast from the original film negative.



For example, if the original negative is of high contrast, a soft paper is used to

prepare the contact prints. Similarly, photographic paper is also available in

various thickness and surface qualities (matte or glossy) for use in different stages

of mapping and interpretation.

 Enlargements obtained on film or photographic paper for specific uses.

 Colour/false colour prints. Positive prints can also be prepared on colour

films/paper/transparencies from original colour negative films for use in

interpretation. Likewise, such prints/transparencies can also be obtained from

colour infrared/false

 Colour films. However, the processing of such films requires special processing

facilities

 Multispectral photographs on film or photographic paper. In the case of

multispectral photographs 2 from an I S camera, it is possible to obtain colour

composites or false colour composites by the combination/superimposition of

different spectral bands: for example, the blue, green and red bands can be

combined in special projection instrument to obtain true colour composites. If the

idea is only to view them, colour/false colour composites can be obtained from

special instruments such as Mini Addcol Viewer.

Obtaining aerial photography

As per the existing policy of the Government of India, all types of aerial

photographs are classified documents (secret or restricted), depending upon the location

and its strategic importance. The Surveyor General of India coordinates all activities

relating to the execution of aerial photographic tasks for all civilian needs. The

coordinating authority performs the following functions:

 Design and issue of the specifications for photographic tasks

 Layout and priorities, clearance from various agencies and distribution of tasks

among the three flying agencies

 Flight planning and evaluation for suitability of the executed tasks

 Distribution of photographs to the indenter

 Accounting for the above



Flying agencies

As the coordinating agency does not have its own flying facilities, the flying

operations for aerial photography are earned out by the Indian Air Force; the Air Survey

Company, Dum Dum, Calcutta and the National Remote Sensing Agency (NRSA),

Hyderabad.

Cost of aerial photography

The cost of aerial photography in India depends upon the flying agency carryiing

out the operation; the scale of the aerial photography; the area covered. Cost also depends

whether the prints are supplied from fresh or existing photography. In the case of Indian

Air Force, the cost depends upon the number of actual flying hours and the type of

aircraft used: as such, the cost can not be worked out in advance.

In the case of Air Survey Company, the cost is Rs. 75.20 per square mile (Rs.29/-

per square km) for 1:40,000 scale (1990 price - the cost is now under revision). For other

scales, a linear conversion can be made; for example at 1:5,000 scale the cost is (40/5) x

75.2 = Rs. 601 .60 per square mile and at 1:60,000 scale the cost is (40/60) x 75.20 =

Rs.50.15 per square mile. In the case of the NRSA, the cost varies from scale to scale

and by the distance of the area from their headquarters. As such, the cost must be worked

out separately for each task.

Handling of aerial negatives

The greatest sources of dimensional change in aerial negatives are humidity and

thermal expansion/contraction. Ideally, negatives should be kept at the same temperature

and relative humidity that existed at the time of exposure. The recommended relative

humidity is 50 to 60 per cent, and temperatures should be 70oF with  3oF tolerance. In

order to ensure dimensional stability, it is advisable to control the temperature of the

aerial camera while in operation so as to be close to normal room temperature.

It is also recommended that negative rolls be stored for future use in controlled

conditions of temperature and humidity as mentioned above. While working with

negatives, their surfaces should be kept free from dust, grease, scratches and fingerprints.

These precautions will help in obtaining good quality data products on reproduction as

and when required.



Specifications of aerial photography

For planning fresh photography, the purpose of the photography and scale are the

main considerations. However, while defining these specifications, the following factors

should be kept in view. Unless otherwise specified, the overlaps should be kept 60 per

cent in the forward direction and 25 per cent in the lateral direction. For special tasks and

terrains, the overlaps can be increased to 80 percent in the forward direction and 50 to 60

per cent in the lateral direction, especially in steep hilly areas and in city centers with

high-rise buildings.

 Camera lens: depending on the type of photography required

 Film/filter combination: depending on the type of photography required

 Shutter speed: depending on the scale, type of aircraft, its speed and film

speed/aperture (between 1/100 to 1/1,000 seconds)

 Image motion: to be kept within tolerable limits (i.e. 20 µm on the negative scale)

by the proper combination of shutter speed/aperture and speed of aircraft

 Camera frame: stable mounts

 Platforms: ceiling height, stability in flying and speed limits

 Auxiliary data: as required

 Processing: depending on the film type and the requirements of the data products.

Procedure of obtaining aerial photographs

For acquiring aerial photography, (either already existing or freshly flown) the

users should write to Survey of India or National Remote Sensing Agency at following

addresses:

a. Director
National Remote Sensing Agency
Balanagar, HYDERABAD - 500 037

b. Officer-in-charge
No.73 (APFPS) Party, Survey of India
West Block No.4, Wing No.4, 2nd Floor
R.K. Puram, NEW DELHI – 110 066

Satellite data products are available in the following types of formats

1. High Density Digital Tape (HDDT)

2. Quick Look Film



3. Computer Compatible Tape(CCT), Digital Audio Tape(DAT) Compact Disc(CD-

ROM)

4. 70mm film

5. 240 mm Black and White film positive/negative in individual band

6. Black and White paper prints & enlargement in individual band

7. 240 mm False Colour Composite (FCC) Film

8. FCC paper print and enlargements

The Earth Station situated at Shadnagar, Hyderabad tracks the LANDSAT,

METSAT, ERS and IRS series of satellites. The data is primarily recorded on HDDT and

Quick Look 70 mm format roll films. Standard products listed in (3) to (8) are generated

from HDDTs and supplied to the users.

The NRSA Image Processing Laboratory located at NRSA, Balanagar, Hyderabad

is the single repository of data supply in India on request to the users.  The quality of the

products, that leave NDC is checked in respect of computer processing, photographic

reproduction, cloud cover and other defects as well. As an aid to the users for the

selection of data, Browse Facility provides an array of computerized data listing, satellite

coverage map, microfiche films and satellite orbital calendars.

All the user’s data products requirements and inquiries can be addressed to

Head,
NRSA Data Centre,
National Remote Sensing Agency,
Balanagar, Hyderabad - 500 037 (A.P.)



ELECTROMAGNETIC ENERGY AND REMOTE SENSING

Introduction

Remote sensing relies on the measurement of electromagnetic (EM) energy. EM

energy can take several different forms. The most important source of EM energy at the

Earth's surface is the Sun, which provides us, for example, with (visible) light, heat (that

we can feel) and UV-light, which can be harmful to our skin.

Many sensors used in remote sensing measure reflected sunlight. Some sensors,

however, detect energy emitted by the Earth itself or provide their own energy. A basic

understanding of EM energy, its characteristics and its interactions is required to

understand the principle of the remote sensor. This knowledge is also needed in order to

interpret remote sensing data correctly. For these reasons, this chapter introduces the

basic physics of remote sensing.  In between the remote sensor and the Earth's surface is

the atmosphere that influences the energy that travels from the Earth's surface to the

sensor.

Electromagnetic energy

Waves and photons

Electromagnetic (EM) energy can he modelled in two ways: by waves or by

energy bearing particles called photons. In the wave model, electromagnetic energy is

considered to propagate through space in the form of sinusoidal waves. These waves are

characterised by two fields, electrical (E) and magnetic (M) fields, which are

perpendicular to each other. For this reason the term electromagnetic (EM) energy is

used. The vibration of both fields is perpendicular to the direction of travel of the wave.

Both fields propagate through space at the speed of light c, which is 299,790,000 ms-1

and can be rounded off to 3 108 m s-1.

One property of electromagnetic waves is particularly important for

understanding remote sensing. This is the wavelength  that is defined as the distance

between successive wave crests. Wavelength is measured in metres (m) or some factor of

metres such as nanometres (nm, 10-9 metres) or micrometres (m, 10-6 metres).



The frequency, v, is the number of cycles of a wave passing a fixed point over a

specific period of time. Frequency is normally measured in hertz (Hz), which is

equivalent to one cycle per second. Since the speed of light is constant, wavelength and

frequency are inversely related to each other:

c =  x v ------ (1)

In this equation, c is the speed of light (3 x 108 m sec-1),  is the wavelength (m),

and v is the frequency (cycles per second, Hz).  The shorter the wavelength, the higher

the frequency. Conversely, the longer the wavelength, the lower the frequency.

Most characteristics of EM energy can be described using the `wave' model as

described above. For some purposes, however, EM energy is more conveniently

modelled by the particle theory, in which EM energy is composed of discrete units called

`photons'. This approach is taken when quantifying the amount of energy measured by

multispectral sensor. The amount of energy held by a photon of a specific wavelength is

then given by

Q = h x v = h x c/ ----- (2)

where Q is the energy of a photon (J), h is Planck's constant (6.3 10-34 J sec), and v the

frequency (Hz). From Equation 2 it follows that the longer the wavelength, the lower its

energy content. Gamma rays (around 10-9 m) are the most energetic, and radio waves

(around 1 m) the least energetic. An important consequence for remote sensing is that it is

more difficult to measure longer wavelengths than shorter wavelengths.

Sources of EM energy

All matter with a temperature above absolute zero (0oK) radiates EM energy due

to molecular agitation. Agitation is the movements of the molecules. This means that the

Sun, and also the Earth, radiate energy in the form of waves. Matter that is capable of

absorbing and re-emitting all EM energy is known as a blackbody. For blackbodies both

the emissivity, , and the absorptance, , are equal to 1.

The amount of energy radiated by an object depends on its absolute temperature,

its emissivity and is a function of the wavelength. In physics, this principle is defined by

Planck's Law. A blackbody radiates a continuum of wavelengths. The x-axis indicates the

wavelength and the y-axis indicates the amount of energy per unit area. The area below



the curve, therefore, represents the total amount of energy emitted at a specific

temperature. The peak radiation at 400oC is around 4 m while the peak radiation at

1000oC is at 2.5 m. The emitting ability of a real material compared to that of the

blackbody is referred to as the material's emissivity. In reality, blackbodies are hardly

found in nature; most natural objects have emissivities less than one. This means that

only part, usually between 80-98%, of the received energy is re-emitted. Consequently,

part of the energy is absorbed. This physical property is relevant in, for example, the

modeling of global warming processes.

Electromagnetic spectrum

All matter with a certain temperature radiates electromagnetic waves of various

wavelengths. The total range of wavelengths is commonly referred to as the

electromagnetic spectrum. It extends from gamma rays to radio waves.

Remote sensing operates in several regions of the electromagnetic spectrum. The

optical part of the EM spectrum refers to that part of the EM spectrum in which optical

laws can be applied. These relate to phenomena, such as reflectance and refraction, that

can be used to focus the radiation. The optical range extends from X-rays (0.02 m)

through the visible part of the EM spectrum up to and including far-infrared (1000 m).

The ultraviolet (UV) portion of the spectrum has the shortest wavelengths that are of

practical use for remote sensing. This radiation is beyond the violet portion of the visible

wavelengths. Some of the Earth's surface materials, primary rocks and minerals, emit or

fluoresce visible light when illuminated with UV radiation. The microwave range covers

wavelengths from 1 mm to 1 m.

The visible region of the spectrum is commonly called `light'. It occupies a

relatively small portion in the EM spectrum. It is important to note that this is the only

portion of the spectrum that we can associate with the concept of colour. Blue, green and

red are known as the primary colours or wavelengths of the visible spectrum. The longer

wavelengths used for remote sensing are in the thermal infrared and microwave regions.

Thermal infrared gives information about surface temperature. Surface temperature can

be related, for example, to the mineral composition of rocks or the condition of



vegetation. Microwaves can provide information on surface roughness and the properties

of the surface such as water content.

Active and passive remote sensing

In remote sensing, the sensor measures energy. Passive and active techniques are

distinguished. Passive remote sensing techniques employ natural sources of energy, such

as the Sun. Active remote sensing techniques, for example radar and laser, have their own

source of energy. Active sensors emit a controlled beam of energy to the surface and

measure the amount of energy reflected back to the sensor.

Passive sensor systems based on reflection of the Sun's energy can only work

during daylight. Passive sensor systems that measure the longer wavelengths related to

the Earth's temperature do not depend on the Sun as a source of illumination and can be

operated at any time. Passive sensor systems need to deal with the varying illumination

conditions of the Sun, which are greatly influenced by atmospheric conditions. The main

advantage of active sensor systems is that they can be operated day and night and have a

controlled illuminating signal.

Energy interaction in the atmosphere

The most important source of energy is the Sun. Before the Sun's energy reaches

the Earth's surface, three fundamental interactions in the atmosphere are possible:

absorption, transmission and scattering. The energy transmitted is then reflected or

absorbed by the surface material.

Absorption and transmission

Electromagnetic energy travelling through the atmosphere is partly absorbed by

various molecules. The most efficient absorbers of solar radiation in the atmosphere are

ozone (O3), water vapour (H20) and carbon dioxide (CO2).

Figure gives s schematic representation of the atmospheric transmission in the 0-

22 m wavelength region. From this figure it may be seen that about half of the spectrum

between 0-22 m is useless for remote sensing of the Earth's surface, simply because

none of the corresponding energy can penetrate the atmosphere. Only the wavelength

regions outside the main absorption bands of the atmospheric gases can be used for



remote sensing. These regions are referred to as the atmospheric transmission windows

and include:

 A window in the visible and reflected infrared region, between 0.4-2 m. This is

the window where the (optical) remote sensors operate as well as the human eye.

 Three windows in the thermal infrared region, namely two narrow windows

around 3 and 5 m, and a third, relatively broad, window extending from

approximately 8 to 14 m.

Because of the presence of atmospheric moisture, strong absorption bands are

found at longer wavelengths. There is hardly any transmission of energy in the region

from 22 m to 1 mm. The more or less transparent region beyond 1 mm is the microwave

region.

First of all, look at the radiation curve of the sun (measured outside the influence

of the earth’s atmosphere), which resembles a blackbody curve at 6000oC.  Secondly,

compare this curve with the radiation curve as measured at the earth’s surface.  The

relative dips in this curve indicate the absorption by different gases in the atmosphere.

Atmospheric scattering

Atmospheric scattering occurs when the particles or gaseous molecules present in

the atmosphere cause the EM waves to be redirected from their original path. The amount

of scattering depends on several factors including the wavelength of the radiation, the

amount of particles and gases, and the distance the radiation travels through the

atmosphere. For the visible wavelengths, 100% (in case of cloud cover) to 5% (in case of

a clear atmosphere) of the energy received by the sensor is directly contributed by the

atmosphere. Three types of scattering take place: Rayleigh scattering, Mie Scattering and

Non-selective scattering.

Rayleigh scattering

Rayleigh scattering predominates where electromagnetic radiation interacts with

particles that are smaller than the wavelength of the incoming light. Examples of these

particles are tiny specks of dust and nitrogen (NO2) and oxygen (O2) molecules. The

effect of Rayleigh scattering is inversely proportional to the wavelength; shorter

wavelengths are scattered more than longer wavelengths.



In the absence of particles and scattering, the sky would appear black. In daytime,

the Sun rays travel the shortest distance through the atmosphere. In that situation,

Rayleigh scattering causes a clear sky to be observed as blue because this is the shortest

wavelength the human eye can observe. At sunrise and sunset, however, the Sun rays

travel a longer distance through the Earth's atmosphere before they reach the surface. All

the shorter wavelengths are scattered after some distance and only the longer wavelengths

reach the Earth's surface. As a result, the sky appears orange or red.

In the context of satellite remote sensing, Rayleigh scattering is the most

important type of scattering. It causes a distortion of spectral characteristics of the

reflected light when compared to measurements taken on the ground: by the Rayleigh

effect the shorter wavelength are overestimated. In colour photos taken from high

altitudes it accounts for the blueness of these pictures. In general, the Rayleigh scattering

diminishes the `contrast' in photos, and thus has a negative effect on the possibilities for

interpretation. When dealing with digital image data (as provided by scanners) the

distortion of the spectral characteristics of the surface may limit the possibilities for

image classification.

Mie scattering

Mie scattering occurs when the wavelength of the incoming radiation is similar in

size to the atmospheric particles. The most important cause of Mie scattering are the

aerosols: a mixture of gases, water vapour and dust.

Mie scattering is generally restricted to the lower atmosphere where larger

particles are more abundant, and dominates under overcast cloud conditions. Mie

scattering influences the entire spectral region from the near ultra-violet up to and

including the near infrared.

Non-selective scattering

Non-selective scattering occurs when the particle size is much larger than the

radiation wavelength. Typical particles responsible for this effect are water droplets and

larger dust particles.

Non-selective scattering is independent of wavelength, with all wavelengths

scattered about equally. The most prominent example of non-selective scattering includes



the effect of clouds (clouds consist of water droplets). Since all wavelengths are scattered

equally, a cloud appears white. Optical remote sensing cannot penetrate clouds. Clouds

also have a secondary effect: shadowed regions on the Earth's surface.

Energy interactions with the Earth's surface

In land and water applications of remote sensing we are most interested in the

reflected radiation because this tells us something about surface characteristics.

Reflection occurs when radiation `bounces' off the target and is then redirected.

Absorption occurs when radiation is absorbed by the target. Transmission occurs when

radiation passes through a target. Two types of reflection, which represent the two

extremes of the way in which energy is reflected from a target, are specular reflection and

diffuse reflection. In the real world, usually a combination of both types is found.

 Specular reflection, or mirror-like reflection, occurs when a surface is smooth and

all (or almost all) of the energy is directed away from the surface in a single

direction. It is most likely to occur when the Sun is high in the sky. Specular

reflection can he caused, for example, by a water surface or a glasshouse roof. It

results in a very bright spot (also called `hot spot') in the image.

 Diffuse reflection occurs in situations where the surface is rough and the energy is

reflected almost uniformly in all directions. Whether a particular target reflects

specularly or diffusely, or somewhere in between, depends on the surface

roughness of the feature in comparison to the wavelength of the incoming

radiation.

Spectra reflectance curves

Consider a surface composed of a certain material. The energy reaching this

surface is called irradiance. The energy reflected by the surface is called radiance.

Irradiance and radiance are expressed in W m-2.

For each material, a specific reflectance curve can be established. Such curves

show the fraction of the incident radiation that is reflected as a function of wavelength.

From such curve you can find the degree of reflection for each wavelength (e.g., at 400

nm, 401 nm, 402 nm, ...). Most remote sensing sensors are sensitive to larger wavelength

bands, for example from 400Ä480 nm, and the curve can be used to estimate the overall



reflectance in such bands. Reflectance curves are made for the optical part of the

electromagnetic spectrum (up to 2.5 m). Today, large efforts are made to store

collections of typical curves in spectral libraries.

Reflectance measurements can be carried out in a laboratory or in the field using a

field spectrometer. In the following subsections the reflectance characteristics of some

common land cover types are discussed.

Vegetation

The reflectance characteristics of vegetation depend on the properties of the

leaves including the orientation and the structure of the leaf canopy. The proportion of

the radiation reflected in the different parts of the spectrum depends on leaf pigmentation,

leaf thickness and composition (cell structure) and on the amount of water in the leaf

tissue. In the visible portion of the spectrum, the reflection from the blue and red light is

comparatively low since these portions are absorbed by the plant (mainly by chlorophyll)

for photosynthesis and the vegetation reflects relatively more green light. The reflectance

in the near infrared is highest but the amount depends on the leaf development and the

cell structure of the leaves. In the middle infrared, the reflectance is mainly determined

by the free water in the leaf tissue; more free water results in less reflectance. They are

therefore called water absorption bands. When the leaves dry out, for an example during

the harvest time of the crops, the plant may change colour (for example, to yellow). At

this stage there is no photosynthesis, causing reflectance in the red portion of the

spectrum to be higher. Also, the leaves will dry out resulting in higher reflectance in the

middle infrared whereas the reflectance in the near infrared may decrease. As a result,

optical remote sensing data provide information about the type of plant and also about its

health condition.

Bare soil

Surface reflectance from bare soil is dependent on SO many factors that it is

difficult to give one typical soil reflectance curve. However, the main factors influencing

the soil reflectance are soil colour, moisture content, the presence of carbonates, and iron

oxide content. Note the typical shapes of most of the curves, which show a convex shape

between 500-1300 nm with dips at 1450 and 1950 nm. These dips are so-called water



absorbtion bands and are caused by the presence of soil moisture. The iron-dominated

soil has a quite different reflectance curve that can be explained by the iron absorbtion

dominating at longer wavelengths.

Water

Compared to vegetation and soils, water has the low reflectance. Vegetation may

reflect up to 50%, soils, up to 30-40% while water reflects at the most 10% of the

incoming radiation. Water reflects EM energy in the visible up to the near infrared.

Beyond 1200 nm all energy is absorbed. The highest reflectance is given by turbid (silt

loaded) water and water containing plants with a chlorophyll reflection peak at the green

wavelength.



SENSORS AND PLATFORMS

Introduction

Depending on the surface characteristics electromagnetic energy from the Sun or

active sensor is reflected or energy may he emitted by the Earth itself. This energy is

measured and recorded. The resulting data can be used to derive information about

surface characteristics.

The measurements of electromagnetic energy are made by sensors that are

attached to a static or moving platform. Different types of sensors have been developed

for different applications. Aircraft and satellites are generally used to carry one or more

sensors. General references with respect to missions and sensors are [13, 141. Please refer

to ITC's Aerospace Sensor Database for a complete and up-to-date overview.

The sensor-platform combination determines the characteristics of the resulting

image data. For example, when a particular sensor is operated from a higher altitude the

total area imaged is increased while the level of detail that can be observed is reduced.

Based on your information needs and on time and budgetary criteria, you can determine

which image data are most appropriate.

Sensors

A sensor is a device that measures and records electromagnetic energy. Sensors

can be divided into two groups. Passive sensors depend on an external source of energy,

usually the Sun (although sometimes the Earth itself). The group of passive sensors

covers the electromagnetic spectrum in the range from less than 1 pico metre (gamma

waves) to over 1 metre (micro and radio waves). The oldest and most common type of

passive sensor is the (photographic) camera.

Active sensors have their own source of energy. Measurements by active sensors

are more controlled because they do not depend upon the (varying) illumination

conditions. Active sensors include the laser altimeter (using infrared light) and radar. For

more information about space borne remote sensing you may refer to ITC's Aerospace

Sensor Database.



Passive sensors

Gamma-ray spectrometer

The gamma-ray spectrometer measures the amount of gamma rays emitted by the

upper soil or rock layers due to radioactive decay. The energy measured in specific

wavelength bands provides information on the abundance of (radio isotopes that relate to)

specific minerals. Therefore, the main application is found in mineral exploration.

Gamma rays have a very short wavelength (pico-m). Because of large atmospheric

absorption of these waves this type of energy can only be measured up to a few hundred

metres above the Earth's surface.

Aerial camera

The camera system (lens and film) is mostly found in aircraft for aerial

photography. Low orbiting satellites and NASA Space Shuttle missions also apply

conventional camera techniques. The film types used in the camera enable

electromagnetic energy in the range between 400 nm and 900 nm to he recorded. Aerial

photographs are used in a wide range of applications. The rigid and regular geometry of

aerial photographs in combination with the possibility to acquire stereo-photography has

enabled the development of `photogrammetric procedures' for obtaining precise 3D

coordinates. Although aerial photos are used in many applications, principal applications

include medium and large scale (topographic) mapping and cadastral mapping. Today,

analogue photos are often scanned to he stored and processed in digital systems..

Video camera

Video cameras are sometimes used to record image data. Most video sensors are

only sensitive to the visible colours, although a few are able to record the near infrared

part of the spectrum. Until recently, only analogue video cameras were available. Today,

digital video cameras are increasingly available, some of which are applied in remote

sensing. Mostly, video images serve to provide low cost image data for qualitative

purposes, for example, to provide additional visual information about an area captured

with another sensor (e.g., laser scanner or radar).



Multispectral scanner

The multispectral scanner is an instrument that mainly measures the reflected

sunlight in the optical domain. A scanner systematically `scans' the Earth's surface

thereby measuring the energy reflected from the viewed area. This is done

simultaneously for several wavelength bands, hence the name `multispectral scanner'. A

wavelength band is an interval of the electromagnetic spectrum for which the average

reflected energy is measured. The reason for measuring a number of distinct wavelength

bands is that each band is related to specific characteristics of the Earth's surface. For

example, reflection characteristics of `blue' light give information about the mineral

composition; reflection characteristics of `infrared light' tell something about the type and

health of vegetation. The definition of the wavebands of a scanner, therefore, depends on

the applications for which the sensor has been designed.

Imaging spectrometer

The principle of the imaging spectrometer is similar to that of the multispectral

scanner, except that spectrometers measure only very narrow (5-10 nm) spectral bands.

This results in an almost continuous reflectance curve per pixel rather than the values for

relatively broad spectral bands. The spectral curves measured depend on the chemical

composition of the material. Imaging spectrometer data, therefore, can be used to

determine mineral composition of the surface or the chlorophyll content of the surface

water.

Thermal scanner

Thermal scanners measure thermal data in the range of 10-14 m. Wavelengths in

this range are directly related to an objects temperature. Data on cloud, land and sea

surface temperature are extremely useful for weather forecasting. For this reason, most

remote sensing systems designed for meteorology include a thermal scanner. Thermal

scanners can also be used to study the effects of drought (`water stress') on agricultural

crops, and to monitor the temperature of cooling water discharged from thermal power

plants. Another application is in the detection of coal fires.



Radiometer

EM energy with very long wavelengths (1-100 cm) is emitted from the soil and

rocks on, or just below, the Earths surface. The depth from which this energy is emitted

depends on the properties, such as water content, of the specific material. Radiometers

are used to detect this energy. The resulting data can be used in mineral exploration, soil

mapping and soil moisture estimation.

Active sensors

Laser scanner

Laser scanners are mounted on aircraft and use a laser beam (infrared light) to

measure the distance from the aircraft to points located on the ground. This distance

measurement is then combined with exact information on-the aircraft's position to

calculate the terrain elevation. Laser scanning is mainly used to produce detailed, high-

resolution, Digital Terrain Models (DTM) for topographic mapping. Laser scanning is

increasingly used for other purposes, such as the production of detailed 3D models of city

buildings and for measuring tree heights in forestry.

Radar altimeters are used to measure the topographic profile parallel to the

satellite orbit. They provide profiles (single lines of measurements) rather than `image'

data. Radar altimeters operate in the 1-6 cm domain and are able to determine height with

a precision of 2-4 cm. Radar altimeters are useful for measuring relatively smooth

surfaces such as oceans and for `small scale' mapping of continental terrain models.

Imaging radar

Radar instruments operate in the 1-100 cm domain. As in multispectral scanning,

different wavelength bands are related to particular characteristics of the Earth's surface.

The radar backscatter is influenced by the illuminating signal (microwave parameters)

and the illuminated surface characteristics (orientation, roughness, di-electric constant/

moisture content). Since radar is an active sensor system and the applied wavelengths are

able to penetrate clouds, it has `all-weather day-and-night' acquisition capability. The

combination of two radar images of the same area can provide information about terrain

heights. Combining two radar images acquired at different moments can be used to

precisely assess changes in height or vertical deformations (SAR Interferometry).



P1atforms

In remote sensing, the sensor is mounted on a platform. In general, remote sensing

sensors are attached to moving platforms such as aircraft and satellites. Static platforms

are occasionally used in an experimental context. For example, by using a multispectral

sensor mounted to a pole, the changing reflectance characteristics of a specific crop

during the day or season can be assessed.

Airborne observations are carried out using aircraft with specific modifications to

carry sensors. An aircraft that carries an aerial camera or a scanner needs a hole in the

floor of the aircraft. Sometimes Ultra Light Vehicles (ULVs), balloons, zeppelins or kites

are used for airborne remote sensing. Airborne observations are possible from 100 m Lip

to 30-40 km height. Until recently, the navigation of an aircraft was one of the most

difficult and crucial parts of airborne remote sensing. In recent years, the availability of

satellite navigation technology has significantly improved the quality of flight execution.

For spaceborne remote sensing, satellites are used. Satellites are launched into

space with rockets. Satellites for Earth Observation are positioned in orbits between 150-

36,000 km altitude. The specific orbit depends on the objectives of the mission, e.g.,

continuous observation of large areas or detailed observation of smaller areas.

Airborne remote sensing

Airborne remote sensing is carried out using different types of aircraft depending

on the operational requirements and budget available. The speed of the aircraft can vary

between 140-600 km/hour and is, among others, related to the mounted sensor system.

Apart from the altitude, also the aircraft orientation affects the geometric characteristics

of the remote sensing data acquired. The orientation of the aircraft is influenced by wind

conditions and can he corrected for to some extent by the pilot. Three different aircraft

rotations relative to a reference path are possible: roll, pitch and yaw (Figure 3.9). An

Inertial Measurement Unit (IMU) can be installed in the aircraft to measure these

rotations. Subsequently the measurements can be used to correct the sensor data for the

resulting geometric distortions.

Today, most aircraft are equipped with satellite navigation technology, which

yield the approximate position (RMS-error of less than 30 m). More precise positioning

and navigation (up to decimetre accuracy) is possible using so-called `differential



approaches'. In this textbook we refer to satellite navigation in general, which comprises

the American GPS system, the Russian Glonass system and the proposed European

Galileo system.

In aerial photography the `measurements' are `stored' on hardcopy material: the

negative film. For other sensors, e.g., a scanner, the digital data can be stored on tape or

mass memory devices. Tape recorders offer the fastest way to store the vast amount of

data. The recorded data are only available after the aircraft has returned to its base.

Owning, operating and maintaining survey aircraft, as well as employing a

professional flight crew is an expensive undertaking. in the past, survey aircraft were

owned mainly by large national survey organisations that required large amounts of

photography. There is an increasing trend towards contracting specialised private aerial

survey companies. Still, this requires basic understanding of the process involved. A

sample contract for outsourcing aerial photography is provided by the American Society

of Photogrammetry and Remote Sensing at their ASPRS web site.

Spaceborne remote sensing

Spaceborne remote sensing is carried out using sensors that are mounted on

satellites. The monitoring capabilities of the sensor are to a large extent determined by

the parameters of the satellite's orbit. Different types of orbits are required to achieve

continuous monitoring (meteorology), global mapping (land cover mapping), or selective

imaging (urban areas). For remote sensing purposes, the following orbit characteristics

are relevant:

 Altitude, which is the distance (in km) from the satellite to the mean surface level

of the Earth. Typically, remote sensing satellites orbit either at 600-800 km (polar

orbit) or at 36,000 km (geo-stationary orbit) distance from the Earth. The distance

influences to a large extent which area is viewed and at which detail.

 Inclination angle, which is the angle (in degrees) between the orbit and the

equator. The inclination angle of the orbit determines, together with field of view

of the sensor, which latitudes can be observed. If the inclination is 60 then the

satellite flies over the Earth between the latitudes 60o South and 60o North; it

cannot observe parts of the Earth at latitudes above 60o.



 Period, which is the time (in minutes) required to complete one full orbit.  A polar

satellite orbits at 800 km altitude and has a period of 90 minutes. You can

calculate that a ground speed of 28,000 km hour-1, which is almost 8 km s-1.

Compare this figure with the speed of an aircraft which is around 400 km hour-1.

The speed of the platform has implications for the type of images that can be

acquired (time for `exposure').

 Repeat cycle, which is the time (in days) between two successive identical orbits.

The revisit time, the time between two subsequent images of the same area, is

determined by the repeat cycle together with the pointing capability of the sensor.

Pointing capability refers to the possibility of the sensor-platform to `look'

sideways. Pushbroom scanners, such as those mounted on SPOT, IRS and

IKONOS, have this possibility.

The following orbit types are most common for remote sensing missions:

Polar, or near polar, orbit. These are orbits with inclination angle between 80 and

100 degrees and enable observation of the whole globe. The satellite is typically placed in

orbit at 600Ä800 km altitude.

Sun-synchronous orbit. An orbit chosen in such a way that the satellite always

passes overhead at the same local solar time is called sun-synchronous. Most sun-

synchronous orbits cross the equator at mid-morning (around 10:30 h). At that moment

the Sun angle is low and the resultant shadows reveal terrain relief. Sun-synchronous

orbits allow a satellite to record images at two fixed times during one 24-hour period: one

during the day and one at night. Examples of near polar sun-synchronous satellites are

Landsat, SPOT and IRS.

Geostationary orbit. This refers to orbits in which the satellite is placed above the

equator (inclination angle is 0o) at a distance of some 36,000 km. At this distance, the

period of the satellite is equal to the period of the Earth. The result is that the satellite is at

a fixed position relative to the Earth. Geostationary orbits are used for meteorological and

telecommunication satellites.

Today's meteorological weather satellite systems use a combination of

geostationary satellites and polar orbiters. The geo-stationary satellites offer a continuous

view, while the polar orbiters offer a higher resolution.



The data of spaceborne sensors need to be sent to the ground for further analysis

and processing. Some older spaceborne systems utilised film cartridges that fell back to a

designated area on Earth. In the meantime, practically all Earth Observation satellites

apply satellite communication technology for downlink of the data. The acquired data are

sent down to a receiving station or to another communication satellite that downlink the

data to receiving antennae on the ground. If the satellite is outside the range of a

receiving station the data can he temporarily stored by a tape recorder in the satellite and

transmitted later. One of the trends is that small receiving units (consisting of a small dish

with a PC) are being developed for local reception of image data.



MU1TISPECTRA1 SCANNERS

Introduction

Multispectral scanners measure reflected electromagnetic energy by scanning the

Earth's surface. This result in digital image data, of which the elementary unit is a picture

element: pixel. As the name niultispectral suggests, the measurements are made for

different ranges of the EM spectrum. Multispectral scanners have been used in remote

sensing since 1972 when the first Landsat satellite was launched. After the aerial camera

it is the most commonly used sensor. Applications of multispectral scanner data are

mainly in the mapping of land cover, vegetation, surface mineralogy and surface water.

Two types of multispectral scanners are distinguished: the whiskbroom scanner

and the pushbroom scanner. The principles of these scanners and their characteristics are

explained in Section 5.2 and Section 5.3 respectively. Multispectral scanners are mounted

on airborne and spaceborne platforms. Section 5.4 describes the most widely used

satellite based scanners.

Whiskbroom scanner

A combination of a single detector plus a rotating mirror can be arranged in such

a way that the detector beam sweeps in a straight line over the Earth across the track of

the satellite at each rotation of the mirror. In this way, the Earth's surface is scanned

systematically line by line as the satellite moves forward. Because of this sweeping

motion, the whiskbroom scanner is also known as the across-track scanner (Figure 5.1).

The first multispectral scanners applied the whiskbroom principle. Today, many scanners

are still based on this principle: NOAA/ AVHRR, Landsat/TM, IRS/ LISS (Recall:

platform/sensor).

Spectral characteristics

Whiskbroom scanners use solid state detectors for measuring the energy

transferred by the optical system to the sensor. This optical system focuses the incoming

radiation at the surface of the detector. Various techniques (prism, gratings) are used to

split the incoming radiation into spectral components that each have their own detector.



The detector transforms the electromagnetic radiation (photons) into electrons.

The electrons are input to an electronic device that quantifies the level of energy into the

required units. In digital imaging systems, a discrete value is used to store the level of

energy. These discrete levels are referred to as Digital Number values or DN-values. The

fact that the input is measured in discrete levels is also referred to as quantisation. Using

the expression, one can calculate the amount of energy of a photon corresponding to a

specific wavelength, using

Q = h x v ----- (1)

where Q is the energy of a photon (J), h is Planck's constant (6.3. 10-34 J sec), and, v is the

frequency (Hz). The solid state detector measures the amount of energy (J) during a

specific time period, which results in J sec-1 = Watt (W).

The range of input radiance, between a maximum and a minimum level, that a

detector can handle is called the dynamic range. This range is converted into the range of

a specified data format. Typically an 8-bit, 10-bit or 12-bit data format is used. The 8-bit

format allows 28 = 256 levels or DN-values; similarly 12-bit data format allows 212 =

4096 DN-values. The difference in input level that can be distinguished is called the

radiometric resolution. Consider a dynamic range of energy between 0.5 - 3 W. Using

100 or 250 DN-values results in a radiometric resolution of 25 mW and 10 mW

respectively.

The other main characteristic of a detector is the spectral sensitivity, which is

similar to film sensitivity, as explained in Section 4.3.2. Each detector has a characteristic

graph that is called the spectral response curve. The bandwidth is usually determined by

the difference between the two wavelengths where the curve is at 50% of its maximum

value. A multispectral scanner uses a number of detectors to measure a number of bands;

each band having its own detector.

Geometric characteristics

At any instant the mirror of the whiskbroom scanner `sees' a circle-like area on

the ground. Directly below the platform (at nadir), the diameter, D, depends on the

viewing angle of the system, d, and the height, H:

D =  x H ----- (2)



D should be expressed in metres,  in radians and H in metres. Consider a scanner

with  = 2.5 millirad that is operated at 4000 m. Using expression 5.2 you can easily

calculate that the diameter of the area observed under the platform is 10 m.

The viewing angle of the system () is also referred to as instantaneous Field of

View, abbreviated as IFOV. The IFOV determines the spatial resolution of a scanner. The

Field of View (FOV) describes the total angle that is scanned. For aircraft scanners it is

usually expressed as an angle; for satellite based scanners with a fixed height the

effective image width is used.

Consider a single line scanned by a whiskbroom scanner mounted to a static

platform. This results in a series of measurements going from the left to the right side.

The values for single pixels are calculated by integrating over a carefully selected time

interval.

Pushbroom scanner

The pushbroom scanner is based on the use of Charged Coupled Devices (CCDs)

for measuring the electromagnetic energy. A CCD-array is a line of photo-sensitive

detectors that function similar to solid state detectors. A single element can be as small as

5 m. Today, two-dimensional CCD-arrays are used in digital cameras and video

recorders. The CCD-arrays used in remote sensing are more sensitive and have larger

dimensions. The first satellite sensor using this technology was SPOT-1 HRV. High

resolution sensors such as IKONOS and Orbview3 also apply the pushbroom principle.

The pushbroom scanner records one entire line at a time. The principal advantage

over the whiskbroom scanner is that each position (pixel) in the line has its own detector.

This enables a longer period of measurement over a certain area, resulting in less noise

and a relatively stable geometry. Since the CCD elements continuously measure along

the direction of the platform, this scanner is also referred to as along-f rack scanner.

Spectral characteristics

To a large extent, the characteristics of a solid state detector are also valid for a

CCD-array. In principle, one CCD-array corresponds to a spectral band and all the

detectors in the array are sensitive to a specific range of wavelengths. With current state-



of-the-art technology, CCD-array sensitivity stops at 2.5 m wavelength. If longer

wavelengths are to be measured, other detectors need to be used.

One drawback of CDD arrays is that it is difficult to produce an array in which all

the elements have similar sensitivity. Differences between the detectors may be visible in

the recorded images as vertical banding.

Geometric characteristics

For each single line, pushbroom scanners have a geometry similar to that of aerial

photos (which have a `central projection'). In the case of fiat terrain, and a limited total

field of view (FOV), the scale is the same over the line, resulting in equally spaced

pixels. The concept of IFOV cannot be applied to pushhroom scanners.

Typical for most pushbroom scanners is the ability for off-track viewing. In such

a situation, the scanner is pointed towards areas to the left or right of the orbit track (off-

track) or to the hack or forth (along-track). This characteristic has two advantages: it is

used to produce stereo-images, and it can be used to image an area that is not covered by

clouds at that particular moment. When applying off-track viewing, similar to oblique

photography, the scale in an image varies and should be corrected for.

As with whiskbroom scanners, an integration over time takes place in pushbroom

scanners. Consider a moving platform with a pushbroom scanner. Each element of the

CCD-array measures the energy related to a small strip below the platform. Every n

milliseconds the recorded energy (W) is averaged to determine a the DN value for each

pixel along the line.



RADAR

What is radar?

So far, you have learned about remote sensing using the visible and infrared part

of the electromagnetic spectrum. Microwave remote sensing uses electromagnetic waves

with wavelengths between 1 cm and 1 m. These relatively longer wavelengths have the

advantage that they can penetrate clouds and are independent of atmospheric conditions,

like haze. In microwave remote sensing there are active and passive sensors. Passive

sensors operate similarly to thermal sensors by detecting naturally emitted microwave

energy. They are used in meteorology, hydrology and oceanography. In active systems,

the antenna transmits microwave signals from an antenna to the Earth's surface where

they are backscattered. There are several advantages to be gained from the use of active

sensors, which have their own energy source:

 It is possible to acquire data at any time including during the night (similar to

thermal remote sensing).

 Since the waves are created actively, the signal characteristics are fully controlled

(e.g., wavelength, polarisation, incidence angle, et cetera) and can be adjusted

according to the desired application.

Active sensors are divided into two groups: imaging and non-imaging sensors.

RADAR sensors belong to the group of most commonly used active imaging microwave

sensors. The term RADAR is an acronym for Radio Detection and Ranging. Radio stands

for the microwave and range is another term for distance. Radar sensors were originally

developed and used by the military. Nowadays, radar sensors are widely used in civil

applications too, such as environmental monitoring. To the group of non-imaging

microwave instruments belong altimeters, which collect distance information (e.g., sea

surface height), and scatterometers, which acquire information about the object properties

(e.g., wind speed).

This chapter will focus on the principles of imaging radar and its applications.

The interpretation of radar imagery is less intuitive than that obtained from optical remote

sensing. This is because of differences in physical interaction of the waves with the



Earth's surface. The chapter will explain which interactions take place and how radar

images can be interpreted.

Principles of imaging radar

Imaging radar systems include several components: a transmitter, a receiver, an

antenna and a recorder. The transmitter is used to generate the microwave signal and

transmit the energy to the antenna from where it is emitted towards the Earth's surface.

The receiver accepts the backscattered signal as received by the antenna, filters and

amplifies it as required for recording. The recorder then stores the received signal.

Imaging radar acquires an image in which each pixel contains a digital number

according to the strength of the backscattered energy that is received from the ground.

The energy received from each transmitted radar pulse can he expressed in terms of the

physical parameters and illumination geometry using the so-called radar equation

G2 2 Pe 
Pr  = --------------- ----- (1)

(4)3 R4

where

Pr is the received energy,

G is the antenna gain,

 is the wavelength,

Pe. is the emitted energy,

 is the radar cross section, i.e., the average backscattered energy per unit area,

R is the range from the sensor to the object

From this equation you can see that there are three main factors that influence the

strength of the backscattered received energy:

 radar system properties, i.e., wavelength, antenna and transmitted power,

 radar imaging geometry, i.e., incidence angle and range,

 object characteristics in relation to the radar signal, i.e., surface roughness and

terrain topography and orientation.

They are explained in the following sections in more detail.



What exactly does a radar system measure?

To interpret radar images correctly, it is important to understand what a radar

sensor detects. Imagine the transmitter creates microwave signals, i.e., pulses of

microwaves at regular intervals, the Pulse Repetition Frequency (PRF) that are bundled

by the antenna into a beam. This beam travels through the atmosphere, illuminates a

portion of the Earth's surface, is backscattered and passes through the atmosphere again

to reach the antenna where the signal intensity is received. From the time the signal

needed to pass twice the distance between object and antenna, and knowing the speed of

light, the distance (range) between sensor and object can be derived. Similarly, the

position of the received energy per line is determined and it is possible to generate an

image containing the different backscattered signal intensities. With the movement of the

sensor (similarly to optical remote sensing) a two-dimensional image is created. The

radar sensor, therefore, measures distances and detects backscattered signal intensities.

Commonly used imaging radar hands

Similarly to optical remote sensing, radar sensors operate with different bands.

For better identification, the military has defined various wavelength ranges using letters

to distinguish among the various bands. In the description of different radar missions you

will recognise the different wavelengths used if you see the letters. The European ERS

mission and the Canadian Radarsat, for example, use C-hand radar. Just like multispectral

hands, different radar bands provide information about different object characteristics.

Microwave polarisations

The polarisation of an electromagnetic wave is important in the field of radar

remote sensing. Depending on the direction of the orientation of the transmitted and

received radar wave, polarisation will result in different images. It is possible to work

with horizontally, vertically or cross-polarised radar waves. Using different polarisations

and radar bands, you can collect information that is useful for particular applications, for

example, to classify agricultural fields. In radar system descriptions you will come across

the following abbreviations:

 HH: horizontal transmission and horizontal reception,

 VV: vertical transmission and vertical reception,



 HV: horizontal transmission and vertical reception, and

 VH: vertical transmission and horizontal reception.

Geometric properties of radar

The platform carrying the radar sensor moves along the orbit in flight direction.

You can see the ground track of the orbit/flight path on the Earth's surface at nadir. The

microwave beam illuminates an area, or swath, on the Earth's surface, with an offset from

the nadir. The direction along-track is called azimuth, the direction perpendicular (across-

track) is called range.

Radar viewing geometry

Radar sensors are side-looking instruments. The portion of the image that is

closest to the nadir track of the satellite carrying the radar is called near range. The part of

the image that is farthest from the nadir is called far range. The incidence angle of the

system is defined as the angle between the radar beam and the ground surface. Moving

from near range to far range, the incidence angle increases. It is important to distinguish

between the incidence angle of the sensor and the local incidence angle, which could be

different depending on the terrain slopes. The radar sensor measures the distance between

antenna and object. This line is called slant range. But the true horizontal distance along

the ground corresponding to each measure point in slant range is called ground range.

Spatial resolution

In radar remote sensing, the images are created from transmitted and

backscattered signals. If each single transmitted pulse forms one element in the image the

system is called Real Aperture Radar. The spatial resolutions in slant range and azimuth

direction are defined by pulse length and antenna beam width, respectively. Due to the

different parameters that determine the spatial resolution in range and azimuth resolution,

it is obvious that the spatial resolution in the two directions is different. For radar image

processing and interpretation it is useful to resample the image data to regular pixel

spacing in both directions. In the case of ERS-1 SAR, for example, this spacing is 12.5 m

x 12.5 m.



Slant range resolution

In slant range the spatial resolution is defined as the distance that two objects on

the ground have to be apart to give two different echoes in the return signal. In other

words, two objects will be resolved in range direction if they are separated by at least half

a pulse length. The slant range resolution is independent of the range. However, in

ground range geometry the resolution will depend on the incidence angle.

Azimuth resolution

The spatial resolution in azimuth direction depends on the beam width and the

range. The radar beam width is proportional to the wavelength and inversely proportional

to the antenna length, i.e., aperture; this means the longer the antenna, the narrower the

beam and the higher the spatial resolution in azimuth direction.

Synthetic Aperture Radar (SAR)

Obviously there is a physical limit to the length of the antenna, the aperture that

can be carried on an aircraft or satellite. On the other hand, shortening the wavelength has

its limitations in penetrating clouds. Therefore, an approach in which the aperture is

increased synthetically is applied. Systems using this approach are called Synthetic

Aperture Radar (SAR). The synthesisation of the antenna length is achieved by taking

advantage of the forward motion of the platform and using several backscattered signals

of one object to simulate a very long antenna. Most airborne and spaceborne radar

systems use this type of radar.

Distortions in radar images

Due to the side-looking viewing geometry, radar images suffer from serious

geometric and radiometric distortions. In radar imagery, you encounter variations in scale

(slant range geometry), foreshortening, layover and shadows (terrain elevation) and

speckle effects.

Scale distortions

Radar measures ranges to objects in slant range rather than true horizontal

distances along the ground. Therefore, the image has different scales moving from near to

far range (Figure 6.4). This means that objects in near range are compressed with respect



to objects at far range. For proper interpretation, the image has to be corrected and

transformed into ground range geometry.

Terrain-induced distortions

Similarly to optical sensors that can operate in an oblique manner (e.g., SPOT)

radar images are subject to relief displacements (Figure 6.6). In the case of radar, these

distortions can be severe. There are two effects that are typical for radar: foreshortening

and layover.

Foreshortening

Radar measures distance in slant range. The slope area is compressed in the

image. Depending on the angle that the slope forms in relation to the incidence angle of

the radar beam the slope will be shortened more or less. The distortion is at its maximum

if the radar beam is almost perpendicular to the slope. Foreshortened areas in the radar

image are very bright.

Layover

If the radar beam reaches the top of the slope earlier than the bottom, the slope is

imaged upside down, i.e., the slope `lays over'. As you can understand from the definition

of foreshortening, layover is an extreme case of foreshortening. Layover areas in the

image are very bright.

Shadow

In the case of slopes that are facing away from the sensor, the radar beam cannot

illuminate the area. Therefore, there is no energy that can be backscattered to the sensor

and those regions remain dark in the image. Radar shadow has to be distinguished from

shadow areas in optical images where the radiometric values are altered due to the

difference in Sun illumination.

Radiometric distortions

The above-mentioned geometric distortions also have an influence on the received

energy. Since the backscattered energy is collected in slant range the received energy

coming from a long slope is stored in a shortened area in the image, i.e., it is compressed



into fewer image pixels than should be the case if obtained in ground range geometry.

This results in high digital numbers because the energy collected from different objects is

combined. Unfortunately this effect cannot be corrected. This is why foreshortening,

layover and shadow areas in radar imagery cannot be used for interpretation.

A typical property of radar image is so-called speckle. It appears as grainy `salt

and pepper' effects in the image. Speckle is caused by the interaction of the different

microwaves backscattered from the object area. The wave interactions are called

interference. Interference causes the return signals to be extinguished or amplified

resulting in random dark and bright pixels in the image even when the sensor observes a

homogenous area. Speckle is a form of noise that degrades the quality of the image and

makes the interpretation of radar imagery difficult.

Multi-look processing

It is possible to reduce speckle by means of multi-look processing or spatial

filtering. In the case of multi-look processing, the radar beam is divided into several

narrower beams. Each beam provides a look at the object. Using the average of these

multiple looks, the final image is obtained. Multi-look processing reduces the spatial

resolution. If you purchase an ERS SAR scene in FRI-format you will receive a 3-look

image.

Speckle filters

Another way to reduce speckle is to apply spatial filters on the images. Speckle

filters are designed to adapt to local image variations in order to smooth the values to

reduce speckle but to enhance lines and edges to maintain the sharpness of the imagery.

Interpretation of radar images

The brightness of features in a radar image depends on the strength of the

backscattered signal. In turn, the amount of energy that is backscattered depends on

various factors. An understanding of these factors will help you to interpret radar images

properly.



Microwave signal and object interactions

The amount of energy that is received at the radar antenna depends on the

illuminating signal (radar system parameters such as wavelength, polarisation, viewing

geometry, et cetera) and the characteristics of the illuminated object (roughness, shape,

orientation, dielectric constant, et cetera).

Influence of the illuminating signal

To a certain degree, the wavelength of a radar system influences the depth to

which the waves penetrate into the object surface. In addition, it determines the size of

the objects that the waves interact with. For example, a short microwave will only

penetrate the leaves on top of the trees (e.g., X-band = 3 cm) whereas in the case of L-

band (23 cm), the radiation penetrates into the canopy. The polarisation of the microwave

plays an important role in the interpretation of the form and the orientation of small

scattering elements that compose the surface object. Therefore, the use of microwaves

with different polarisation yields different images that might help in the identification of

objects.

Influence of the illuminated surface

An absolute measure for the backscatter behaviour of an object-similar to

reflectance in optical system is calculated from the ratio of the emitted and received

signal, taking into account the range to the object. This is called the radar cross section

sigma () and it is expressed in decibels (db). The amount of energy backscattered from

an object depends on its characteristics such as surface roughness, moisture content

(electrical properties of the object), its orientation with respect to the illuminating signal

(local incidence angle) and its shape. Apart from topography, the surface roughness is the

terrain property that most strongly influences the strength of the radar return. It is a

relative aspect, depending upon wavelength and incidence angle. A surface is considered

`rough' if its surface has dimensions that are close to the radar wavelength. In radar

images, rough surfaces appear bright, smooth surfaces appear dark in radar images. This

is a result of the scattering behaviour of radar waves. Another important parameter that

influences the microwave backscatter behaviour is the dielectric constant, which

describes the electrical properties of the surface material. The moisture content of the



object affects the electrical properties and therefore the dielectric constant. Depending on

the moisture content of the object, the radar is scattered in different ways.

Scattering patterns

The radar is scattered in different ways depending on the above-mentioned

characteristics of the signal and object. Changes in the electrical properties influence the

absorption, transmission and reflection of microwaves. This means that the moisture

content of the surface determines the scattering. If an object is wet, surface scattering

takes place. The type of reflection (ranging from specular to diffuse) and the strength

depend on the roughness of the material. Generally, reflectivity, and therefore image

brightness, increases with increasing moisture content.

Applications of radar

There are many useful applications of radar images. Radar data provide

complementary information to visible and infrared remote sensing data. In the case of

forestry, radar images can be used to obtain information about forest canopy, biomass

and different forest types. Radar images also allow the differentiation of different land

cover types such as urban areas, agricultural fields, water bodies, et cetera. In agricultural

crop identification, the use of radar images acquired using different polarisation (mainly

airborne) is quite effective due to the independence of weather or daylight conditions. It

is crucial for agricultural applications to acquire data at a certain point in time (season) to

obtain the necessary parameters. In geology and geomorphology the fact that radar

provides information about surface texture and roughness plays an important role in

lineament detection and geological mapping. Other successful applications of radar

include hydrological modelling and soil moisture estimation, based on the sensitivity of

the microwave to the dielectric properties of the observed surface. The interaction of

microwaves with ocean surfaces and ice provides useful data for oceanography and ice

monitoring. Operational systems use data from the European SAR system ERS-1/2 and

the Canadian Radarsat programme. In this framework the data is also used for oil slick

monitoring and environmental protection. Looking at SAR interferometry there are

plenty of interesting examples in the field of natural disaster monitoring and assessment,

i.e., earthquakes, volcano eruptions, flooding, et cetera.



Advanced radar processing techniques

Radar data provide a wealth of information that is not only based on the imagery

itself but also on other data properties that measure characteristics of the objects. One

example is radar interferometry, an advanced processing method that takes advantage of

the phase information of the microwave. If you look at two waves that are emitted with a

slight offset you obtain a phase difference between the two waves. The offset can be

based on two antennas mounted on the same platform (e.g., aircraft or space shuttle) or

based on two different orbits/passes. The range difference is calculated by measuring the

phase difference between the two backscattered waves received at the antenna. With the

knowledge of the position of the platform with respect to the Earth surface the elevation

of the object is determined. Phase differences are displayed in so-called interferograms

where different colours represent variations in height. The interferogram is used to

produce digital elevation models. Differential interferometry creates two interferograms

of successive radar data acquisitions that are subtracted from each other in order to

illustrate the changes that have occurred. These are useful for change detection, e.g.,

earthquake damage assessment.



REMOTE SENSING BELOW THE GROUND SURFACE

Introduction

The foregoing methods have relied on the electromagnetic spectrum in or near the

wavelength of visible light and are largely confined in their application to the

investigation of reflections and emissions from the Earth's surface. To probe more deeply

into the ground, a range of methods that have their origin in the physical or chemical

properties of the buried rocks themselves may he employed. These methods are often

called `geophysical methods'. While the methods of data collection may, of necessity,

differ from the methods employed in others types of remote sensing, the presentation of

geophysical data nowadays uses much of the technology originally developed for remote

sensing data sensu stricto. To maximise our ability to probe into the depth dimension, the

integrated interpretation of all available data is to be recommended, so much is to be

gained by a closer integration of remote sensing and geophysics, while appreciating the

important physical differences in the origins of the `images' obtained. General references

to this subject are [9, 22].

Gamma-ray surveys

Gamma radiation (electromagnetic radiation of very short wavelength) arises

from the spontaneous radioactive decay of certain naturally occurring isotopes. These

gamma rays have sufficient energy to penetrate a few hundred metres of air and so may

be detected conveniently from a low-flying aircraft. Their ability to penetrate rock and

soil is modest, so only gamma rays from radioactive sources within a few tens of

centimetres of the ground surface ever reach the air in significant numbers. As a result,

mapping gamma radiation is confined to mapping the shallowest sub-surface, but where

the soils are derived directly from the underlying bedrock and where bedrock outcrops

directly, gamma rays are useful in mapping large areas for their geology. Where the soil

has been deposited from distant origins, gamma radiation from the underlying bedrock is

obscure d but the method can still reveal interesting features of soil composition and

origin that have, so far, been little used. Only three isotopes lead to the emission of

gamma rays when they undergo their radioactive decay chain. These are isotopes of the

elements Thorium (Th), Uranium (U) and Potassium (K). While potassium is often



present in rocks at the level of a few per cent, the abundance of Th and U is usually

measured in only parts per million. The energy of a gamma-ray is characteristic of its

elemental source. A gamma-ray spectrometer can, then, not only count the number of

incoming rays (counts per second) but also, through analysing the energy spectrum of all

incoming gamma rays attribute gamma-rays to their source elements and so estimate the

abundances of Th, U and K in the source area. This requires suitable precautions and

careful calibration. While the abundance of the radio-elements is itself of little interest

(except, of course, in uranium exploration), in practice it is found that each rock unit has

a relative abundance of Th, U and K that is distinct from that of adjacent rock units.

Hence, if the abundance of each of the three elements is imaged as a primary colour (say,

Th = green, U = blue and K = red) with appropriate contrast-stretching and the three

colours are combined in a visual display, each rock unit appears with its own

characteristic hue. The changes in the hue evident in such an image correspond to

geological boundaries and so, under favourable circumstances, gamma-ray spectrometer

surveys can lead to a kind of `instant' geological map.

Gravity and magnetic anomaly mapping

The Earth has a gravity field and a magnetic field. The former we experience as

the weight of any mass and its tendency to accelerate towards the centre of the Earth

when dropped. The latter is comparatively weak but is exploited, for example, in the

design of the magnetic compass that points towards magnetic north when used in the

field. Rocks that have abnormal density or magnetic properties - particularly rocks lying

in the uppermost few kilometres of the Earth's crust - distort the broad gravity and

magnetic fields of the main body of the Earth by tiny but perceptible amounts, producing

local gravity and magnetic anomalies. Careful and detailed mapping of these anomalies

over any area reveals complex patterns that are related to the structure and composition of

the bedrock geology. Both methods therefore provide important `windows' on the

geology, even when it is completely concealed by cover formations such as soil, water,

younger sediments and vegetation. The unit of measurement in gravimetry is the milli-

Gal (mGal), an acceleration of 10-5 m sec-2. The normal acceleration due to gravity (g) is

about 9.8 m s-2 (980,000 mGal) and, to be useful, a gravity survey must be able to detect

changes in g as small as 1 mGal or about 1 part per million (ppm) of the total



acceleration. This may be achieved easily by reading a gravimeter at rest on the ground

surface, but is still at the limit of technical capability from a moving vehicle such as an

aircraft.

Conventional gravity surveys are ground- based and therefore slow and costly; the

systematic scanning of the Earth's surface by gravity survey is still confined largely to

point observations that lack the continuity of coverage achievable with other geophysical

methods. An exception is over the world's oceans where radar altimetry of the sea- level

surface from a satellite has been achieved with a precision of better than 10 cm. The sea-

surface is an equipotential surface with undulations of a few metres in height attributable

to gravity anomalies. These arise from density variations in the subsurface, which, at sea,

are due mainly to the topography of the ocean floor. Mapping sea-level undulations has

therefore made possible the mapping of sea-floor topography at the scale of a 5 km pixel

for all the world's oceans. Conventional airborne geophysical surveys over land areas can

now employ radar altimeters in combination with DGPS to produce digital elevation

models of the land surface with an accuracy of about 5 metres (in the vertical) for a raster

size of 80 m. Laser scanners can provide detailed and accurate DEMs.

Mapping of magnetic anomalies from low-flying aircraft has been widely used in

commercial exploration for 50 years. The Earth's main field has a value that varies

between 20,000 and 80,000 nano-Teslas (nT) over the Earth's surface.

At a ground clearance of 50 to 100 metres, magnetic anomalies due to rocks are

usually no more than a few hundred nT in amplitude. Modern airborne magnetometers

can reliably record variations as small as 0.1 nT in an airborne profile, about 2 parts per

million of the total field. Each reading takes only 0.1 second, corresponding to an interval

of about 6 metres on the ground, and a normal survey flight of six hours duration can

collect 1500 km of profile, keeping costs low. When ground clearance is only 50 m and

flight-lines are closely spaced (200 m), a great deal of geological detail may be revealed

by an aeromagnetic survey. In the exploration of ancient terrains that have been levelled

by weathering and erosion and consequently rendered difficult to map by conventional

means, aeromagnetic surveys are invaluable in directing ground exploration to the most

promising location for mineral occurrences.



Electrical imaging

Solid rocks are normally rather resistive to the passage of electricity. The

presence of water (groundwater) in pores, cracks and fissures and the electrical properties

of certain minerals nevertheless allow applied currents to flow through the large volume

of the subsurface. This has been exploited in methods developed to permit the mapping

of subsurface electrical conductivity in two and three dimensions. While seldom of such

regional (geological mapping) application as gravity and magnetic methods, electrical

methods have found application both in the search for groundwater and in mineral

exploration where certain ore minerals have distinctive electrical properties.

Where the ground is stratified an electrical sounding can he interpreted to reveal

the layering in terms of the resistivities or conductivities of the layers. Electrical profiling

can be used to reveal lateral variations in rock resistivity, such as often occur across

fissures and faults. Ground- based methods that require physical contact between the

apparatus and the ground by way of electrodes are supplemented by so-called

electromagnetic (EM) methods where current is induced to flow in the ground by the

passage of an alternating current (typically of low audio frequency) through a transmitter

coil. EM methods require no electrical contact with the ground and can therefore also be

operated from an aircraft, increasing the speed of survey and the uniformity of the data

coverage. Airborne EM surveys have been developed largely by the mineral exploration

community since many important ore bodies-such as the massive sulphide ores of the

base metals-are highly conductive and stand out clearly from their host rocks through

electrical imaging. Other important ore bodies are made up of disseminated sulphides that

display an electrochemical property known as chargeability. Mapping of chargeability

variations is the objective in induced polarisation (IP) surveys.

Seismic surveying

Virtually all new discoveries of oil and gas are these days made possible by

seismic imaging of the Earth's subsurface. Such surveys probably account for over 90 per

cent of the expenditure on geophysical surveys for all exploration purposes. Seismic

waves are initiated by a small explosion or a vibratory source at the surface, in a shallow

borehole or in the water above marine areas. Energy in a typically sub-audio frequency

range (10 to 100 Hz) radiates from the source and is reflected off changes in acoustic



properties of the rock, typically changes in lithology from one stratum to the next, and are

detectable from depths of many kilometres.

By deploying a suitable array of seismic sources and receiving reflected energy at

a large number of receiving stations known as geophones, an image of the surface may be

built up in three dimensions. This involves processing an enormous amount of data to

correct for multiple reflections and the geometry of the source-receiver configurations.

To achieve the detail necessary for the successful siting of expensive, deep exploratory

wells, most surveys now carried out are known as 3D surveys, though isolated lines of

2D survey, typical of earlier decades, are still carried out for reconnaissance purposes in

new areas. The accuracy and precision of the seismic method in mapping the subsurface

is now sufficient not only to find trapped oil and gas but also to assess the volume and

geometry of the reservoir to plan optimum extraction strategies. Repeated surveys during

the production lifetime of a given field (time lapse seismic) permit the d raw-down to be

monitored and so maximise the recovery of the oil and gas in a field. Similar seismic

technology, adapted to more modest scales of exploration, can be applied for shallow

investigations (depths of a few tens of metres), useful in groundwater exploration and site

investigation.



GEOMETRIC ASPECTS

Introduction

The previous chapters have examined remote sensing as a means for producing

image data for a variety of purposes. Geometric characteristics have to be taken into

consideration when the data are used:

 To derive two-dimensional (x, y) and three-dimensional (x, y, z) coordinate

information. 2D geometric descriptions of objects (points, lines, areas) can be

derived from a single image or photo. 3D geometric descriptions (2.5D terrain

relief, 3D objects as volumes) can be derived from stereo pairs of images or

photos. Extraction of 3D information from images requires a specific process

called orientation.

 To merge different types of image data for integrated processing and analysis.

Consider a land cover classification based on multispectral Landsat and SPOT

data. Both data sets need to be converted into the same geometric grid before they

can be processed simultaneously. This can be achieved by a geocoding process.

 To visualise the image data in a GIS environment. There is a growing amount of

image data available that are used as a backdrop for other (vector stored) data. To

enable such integration, the image data need to be georeferenced to the coordinate

system of the vector stored data.

Traditionally, the subjects of georeferencing, geocoding and orientation have been

addressed by the discipline of photogrammetry. Today, not only aerial photographs but

also various other types of image data are used in the field of digital photogrammetry

[25]. Deriving 3D measurements from radar data is in the discipline of interferometry.

This chapter deals with a limited number of concepts and topics. In Section 8.2 relief

displacement is introduced. Section 8.3 and Section 8.4 introduce 2D and 3D approaches

respectively. 2D approaches relate to methods and techniques that neglect terrain

elevation differences. In 3D approaches, methods for correction of relief displacement are

introduced. If a DTM is not available, 3D coordinates can be measured directly from

stereo pairs. Note that spatial referencing in general and an introduction to map

projections have been introduced in Principles of GIS[6].



Relief displacement

A characteristic of most sensor systems is the distortion of the geometric

relationship between the image data and the terrain caused by relief differences on the

ground. This effect is most apparent in aerial photographs and airborne scanner data.

Consider the situation on the left in which a true vertical aerial photograph is taken of a

flat terrain. In this situation the horizontal distance between two points (A-B) on the

ground and on the negative (a-b) is the same. In the right situation there is significant

terrain relief difference. As you can now observe, the distance between a-b in the

negative has become larger, although when measured in the terrain system, it is still the

same as in the left situation. This phenomenon does not occur in the centre of the photo

but becomes increasingly prominent towards the edges of the photo. This effect is called

relief displacement: terrain points whose elevation is above or below the reference

elevation are displaced respectively away from or towards the nadir point. The magnitude

of displacement, r (mm), is given by:

r x h
r  = -------- ----- (1)

H

In this equation, r is the radial distance (mm) from the nadir, h (m) is the height of

the terrain above the reference plane and H (m) is the flying height above the reference

plane (where nadir intersects the terrain). The equation shows that the amount of relief

displacement is zero at the nadir (r = 0), greatest at the corners of the photograph and, is

directly proportional to the flying height.

In addition to relief displacement you can imagine that also buildings and other

tall objects can cause displacement (height displacement). This effect is, for example,

encountered when dealing with large scale photos of urban or forest areas. In this chapter

the subject of height displacement is not further elaborated.

The main effect of relief displacement is that inaccurate or wrong coordinates

might be determined when for example digitising from image data. Whether relief

displacement should be considered in the geometric processing of the image data depends

on its impact on the required accuracy of the geometric information derived from the



images. Relief displacement can be corrected for if information on the terrain topography

is available (in the form of a DTM).

Two-dimensional approaches

In this section we consider the geometric processing of image data in situations

where relief displacement can be neglected. Examples of such image data are a digitised

aerial photograph of a flat area (flat being defined by h/H  1/1000) or a multispectral

image with medium resolution (20-50 m pixels). These data are stored in a column-row

system in which columns and rows are indicated by index i and j respectively. The

objective is to relate the image coordinate system to a specific map coordinate system.

Georeferencing

The simplest way to link an image to a map projection system is to use a

geometric transformation. A transformation is a function that relates the coordinates of

two systems. A transformation, relating (x, y) to (i, j) is typically defined by linear

equations, such as: x = 3 + 5i, and, y = -2 + 2.5j.

Using the above transformation, for example, image position (i = 5. j = 8) relates

to map coordinates (x = 28, y = 18). Once such a transformation has been determined, the

map coordinates for each image pixel can be calculated. The resulting image is called a

georeferenced image. It allows the superimposition of vector data and the storage of the

data in map coordinates when applying on-screen digitising. Note that the image as such

remains stored in the original (i, j) raster structure, and that its geometry is not altered.

The process of georeferencing includes two steps: selection of the appropriate

type of transformation, and determination of the transformation parameters. The type of

transformation depends mainly on the sensor-platform system used. For aerial

photographs (of a flat terrain) usually a so-called perspective transformation is used to

correct for the effect of tilt and roll. A more general transformation is the polynomial

transformation, which enables 1st, 2nd to nth order transformations. In many situations a 1st

order transformation is adequate. A 1st order transformation relates map coordinates (x, y)

with image coordinates (i, j) as follows:

x = a + b(i) + c(j) ----- (2)

y = d + e(i) + f(j) ----- (3)



Equations 2 and 3 require that six parameters (a. . . f) be determined. The

transformation parameters can he determined by means of ground control points (GCPs).

GCPs are points that can be clearly identified in the image and in a source, which is in the

required map projection system. One possibility is to use topographical maps of an

adequate scale. The operator then needs to identify identical points on both sources e.g.,

using road crossings, waterways, typical morphological structures, et cetera. Another

possibility is to identify points in the image and to measure the coordinates in the field by

satellite positioning. The result of GCP selection is a set of related points (Table). To

solve the above equations, at least three GCPs are required. However, to calculate the

error of the transformation more points are required. Based on the set of GCPs the

computer calculates the optimal transformation parameters using a best fit procedure. The

errors that remain after transformation are called residual errors. Their magnitude is an

indicator of the quality of the transformation.

Table. A set of the ground control points, which are used to determine a 1st order
transformation, xc and yc are calculated using the transformation, dx and dy are the
residual errors

GCP i j x y xc yc dx dx

1 254 68 958 155 958.55 154.94 0.55 -0.07

2 149 22 936 151 934.58 150.40 -1.42 -0.60

3 40 132 916 176 917.73 177.09 1.73 1.09

4 26 269 923 206 921.84 204.97 -1.17 -1.03

5 193 228 954 189 954.15 189.46 0.15 -0.46

Table shows an example in which five GCPs have been used. Based on the given

(i. j) and (x, ij), one can determine the following transformation:

x  =  902.76 + 0.206i + 0.051j, and,

y  = 152.579 – 0.0441 + 0.199j.

Using these equations, you can calculate the image coordinates for each

individual GCP. In doing so, you will not exactly find the x and y values in the table

because you calculate with three decimals only. Furthermore, a difference remains

between the calculated values, (xc, yc), and true values, (x, y), because the transformation



has been optimised to give the best fit for the whole set of GCPs. The resulting

differences (residual errors) are listed by dx and dy. The residual errors can be used to

analyse which GCPs have the largest contribution to the errors. This may indicate, for

example, a GCP that has been inaccurately identified.

The overall accuracy of a transformation is usually expressed by the Root Mean

Square Error (RMS error), which calculates a mean value from the individual residuals.

The RMS error in x-direction, mx, is calculated using the following equation:

1   n
--- xi

2 ----- (4)
 n i=1

For the y-direction, a similar equation can be used to calculate my. The overall

error, mtotal, is calculated by:

mtotal =  mx
2 + my

2 ----- (5)

For the example data set given in Table, the residuals have been calculated. The

respective mx, my and mtotal are 1.159, 0.752 and 3.088. The RMS error is a quantitative

method to check the accuracy of the transformation. However, the RMS error does not

take into account the spatial distribution of the GCPs. The RMS error is only valid for the

area that is bounded by the GCPs. In the selection of GCPs, therefore, you should

preferably include points located near the edges of an image.

Geocoding

The previous section explained that two-dimensional coordinate systems, for

example an image system and a map projection system, can be related using geometric

transformations. This georeferencing approach is useful in many situations. However, in

other situations a geocoding approach, in which the image grid is also) transformed, is

required. Geocoding is required when different images need to be combined or when the

image data are used in a GIS environment that requires all data to he stored in the same

map projection.

Geocoding is georeferencing with subsequent resampling of the image raster. This

means that a new image raster is defined along the xy-axes of the selected ma~

mx =



projection. The geocoding process comprises two main steps: first each new raster

element is projected (using the transformation parameters) onto the original image,

secondly a (DN) value for the new pixel is determined and stored.

As the orientation and size of original (input) and required (output) raster are

different, there is no exclusive one-to-one relationship between elements (pixels) of these

rasters. Therefore, interpolation methods are required to make a decision regarding the

new value of each pixel. Various resampling algorithms are available. The main methods

are: nearest neighbour, bilinear interpolation and cubic convolution. In nearest neighbour,

the pixel value is assigned the nearest value in the original image. Using bilinear

interpolation the mean is calculated over the four nearest pixels in the original image.

Cubic convolution applies a polynomial approach based on the values of 16 surrounding

pixels. The choice of the resampling algorithm depends, among others, on the ratio

between input and output pixel size and the purpose of the resampled image data.

Three-dimensional approaches

Unlike the previous section, which was concerned only with 2D coordinates, in

this section also the 3rd dimension is relevant. The following processes will be explained

in the subsequent sections:

 Monoplotting, which is an approach to correct for terrain relief during digitising

of terrain features from aerial photos that results in relatively accurate (x, y)

coordinates.

 Orthoimage production, which is an approach to correct image data for terrain

relief and store the image in a specific map projection. Orthoproducts can be used

as a backdrop to other data or, used to directly determine the (x, y) geometry of

the features of interest. Today, many organisations and companies sell

orthoproducts.

 Stereoplotting, which is used to extract 3D information from stereo pairs. Stereo

pairs allow for the determination of (x, y, z) positions. 3D information extraction

requires an orientation process. Examples of 3D products are a Digital Terrain

Model (DTM) and large-scale databases, for instance, related to urban

constructions, roads, or cadastral parcels.



Monoplotting

Suppose you need to derive accurate positions from an aerial photograph

expressed in a specific map projection. This can be achieved for a flat terrain using a true

vertical photograph and a georeferencing approach. However, if there are significant

terrain relief differences you need to correct for relief displacement. For this purpose the

method of inonoplotting has been developed.

Monoplotting is based on reconstruction of the position of the camera at the

moment of exposure relative to a Digital Terrain Model (DTM) of the terrain. This is

achieved by identification of a number (at least four) of ground control points (GCPs) for

which both the photo and map coordinates must he known. The applied DTM should be

stored in the required map projection system and the heights should be expressed in an

adequate vertical reference system. When digitising features from the photograph, the

computer uses the DTM to calculate the effect of relief displacement and corrects for it.

A monoplotting approach is possible by using a hardcopy image on a digitiser tablet, or

by on-screen digitising from a digital image. In the latter situation, vector-stored

information can be superimposed over the image to update the changed features. Note

that monoplotting is a (real time) correction procedure and does not yield new image

data.

Orthoimage production

Monoplotting can be considered a georeferencing procedure that incorporates

corrections for relief displacement. For some applications, however, it is useful to correct

the photograph itself. In such cases the photo should be transformed and resampled into a

product with the geometric properties of a specific map projection. Such a photo is called

an orthophoto. Similarly, other types of image data can be converted into orthoimages.

The production of orthophotos is quite similar to the process of monoplotting.

Consider a digitised aerial photograph. First, the photo is oriented using ground control

points. The terrain height differences are modelled by a DTM. The computer then

calculates the position in the original photo for each output element (pixel). Using a

resampling algorithm, the output value is determined and stored in the required raster.



In the past, special optical instruments were employed for orthophoto production.

Their use required substantial effort. Nowadays, application of digital image data

together with digital photogrammetric software enables easy production of orthophotos.

Stereoplotting

The basic process of stereoplotting is to form a stereo model of the terrain and to

digitise features by measurements made in this stereo model. A stereo model is a special

combination of two photographs of the same area taken from different positions. For this

purpose, aerial photographs are usually flown with 60% overlap between subsequent

photos. Stereo pairs can also be derived from other sensors such as multispectral scanners

and imaging radar.

The measurements made in a stereo model refer to a phenomenon that is called

parallax. Parallax refers to the fact that an object photographed from different positions

has different relative positions in the two images. Since this effect is directly related to

the relative height, measurement of these parallax differences yield height information.

A stereo model enables (parallax) measurement using a special (3D) cursor. If the

stereo model is appropriately oriented the parallax measurements yield (x, y, z)

coordinates. To view and navigate in a stereo model, various hardware solutions may be

used. So-called analogue and analytical plotters were used in the past. These instruments

arc called `plotters' since the features delineated in the stereo model were directly plotted

onto film (for reproduction). Today, digital photogrammetric workstations (DPWs) are

increasingly used. Stereovision, the impression of depth, in a DPW is realised using a

dedicated combination of monitor and special spectacles (e.g., polarized).

To form a stereo model for 3D measurements, the stereo model needs to be

oriented. The orientation process involves three steps:

1. First, the relation between the film-photo and the camera system is defined. This

is the so-called inner orientation. It requires identification of the fiducial marks on

the photos and the exact focal length.

2. Second, the relative tilts of the two photographs is determined. This is called the

relative orientation and requires identification of identical points (`tie points') in

both photographs.



3. After the inner and relative orientations, a geometrically correct three dimensional

model is formed. This model must be brought to a known scale and levelled with

respect to the horizontal reference datum of the terrain coordinate system. For this

purpose 3D ground control points (i.e., x, y and elevation) are identified. This

third step is known as the absolute orientation.

One of the possibilities in stereoplotting is to superimpose vector data into a

Stereo model for updating purposes. In this way the operator can limit his/her work to the

changed features rather than recording all information.



INTRODUCTION TO IMAGE INTERPRETATION

Aerial photographs as well as imagery, obtained by remote sensing using aircraft

or spacecraft as platforms, have applicability in various fields. By studying the qualitative

as well as quantitative aspects of images recorded by various sensor systems like aerial

photographs (black-and-white, black-and-white infrared, colour and colour infrared),

multiband photographs, satellite data (both pictorial and digital) including thermal and

radar imagery, an interpreter well experienced in his field can derive lot of information.

Image Interpretation

Image interpretation is defined as the act of examining images to identify objects

and judge their significance. An interpreter studies remotely sensed data and attempts

through logical process to detect, identify, measure and evaluate the significance of

environmental and cultural objects, patterns and spatial relationships. It is an information

extraction process.

Anyone who looks at a photograph or an imagery in order to recognize an image

is an interpreter. A soil scientist, a geologist or a hydrogeologist, a forester or a planner,

trained in image interpretation can recognize the vertical view presented by the ground

objects on an aerial photograph or a satellite image, which enables him or her to detect

many small or subtle features that an amateur would either overlook or mis-interpret. An

interpreter is, therefore, a specialist trained in the study of photography or imagery, in

addition to his or her own discipline. The present discussion mainly pertains to the

techniques of visual interpretation, the application of various instruments and the

extraction of information.

Aerial photographs, as well as imagery, obtained by remote sensing employing

electromagnetic energy as the means of detecting and measuring target/objects

characteristics, has applicability to various fields because of four basic reasons.

First : It represents a larger area of the earth from a perspective view and

provides a format that facilitates the study of objects and their

relationships.

Second: Certain types of imagery and aerial photograph can provide a 3-D view.



Third : Characteristics of objects not visible to the human eye can be transformed

into images

Fourth : It provides the observer with a permanent record/representation of objects

at any moment of time. In addition, data is real-time, repetitive and, when

in digital form, is computer compatible for quick analysis.

Basic principles of image interpretation

Images and their interpretability

 An image taken from the air or space is a pictorial presentation of the pattern of a

landscape.

 The pattern is composed of indicators of objects and events that relate to the

physical, biological and cultural components of the landscape.

 Similar conditions, in similar circumstances and surroundings, reflect similar

patterns, and unlike conditions reflect unlike patterns.

 The type and amount of information that can be extracted is proportional to the

knowledge, skill and experience of the analyst, the methods used for

interpretation and the analyst’s awareness of any limitations.

Factors governing the Quality of an image

In addition to the inherent characteristics of an object itself, the following factors

influence image quality:

 Sensor characteristics (film types, digital systems)

 Season of the year and time of day

 Atmospheric effects

 Resolution of the imaging system and scale

 Image motion

 Stereoscopic parallax

Factors governing Interpretability

1. Visual and mental acquity of the interpreter

2. Equipment and technique of interpretation

3. Interpretation keys, guides, manuals and other aids.



Visibility of Objects

The objects on aerial photographs or imagery are represented in the form of photo

images in tones of grey in B/W photography and in colour/false colour photography in

different colours/hues. This visibility of objects in the images varies due to -

a) The inherent characteristics of the objects

b) The quality of the aerial photography or imagery

Inherent characteristics of objects

In any photographic image forming process, the negative is composed of tiny

silver deposits formed by the action of light on photosensitive film during exposure. The

amount of light received by the various sections of the film depends on the reflection of

electromagnetic radiation (EMR) from various objects. This light, after passing through

the optical system, gives rise to different tones and textures.

In visual interpretation, an interpreter is primarily concerned with recognizing

changes in tonal values, thereby differentiating an object of a certain reflective

characteristic from another. However, he must be aware that the same object under

different moisture or illumination conditions, and depending on the wavelength of

incident energy, may reflect a different amount of light. For this reason, a general key,

based on tone characteristics of objects, cannot be prepared. In such cases, other

characteristics of objects such as their shape, size and pattern etc. help in their

recognition.

Quality of Aerial Photography/Imagery

The quality of image interpretation depends on the quality of the basic material on

which the images are formed. Normally, in visual interpretation, these images are formed

on the photograph and represented in tones of grey or in colours of various hues, chroma

and values. A study of the factors, affecting image quality and characteristics of images,

is essential from an interpreter’s point of view.

Tonal or Colour Contrast between an Image and its background

Photographic tone contrast is the difference in brightness between an image and

its background. Similarly, in colour photography colour contrast is the result of all hue



values and chroma differences between the image and its background. The tonal contrast

can be sufficiently increased with proper filters.

Image Sharpness Characteristics

Sharpness is the abruptness with which tone or colour contrasts appear on the

photograph or imagery. Both tone and sharpness enable an interpreter to distinguish one

object from another. To a large extent, image sharpness is dependent on the focusing

ability of the optical system. Image sharpness is closely related to the resolution of the

optical system.

Stereoscopic Parallax Characteristics

Stereoscopic parallax is the displacement of the apparent position of an image

with respect to a reference point of observation. Sufficient parallax is necessary in order

distinguish objects from their shadows. Parallax depends on the height of an object, lying

height and the stereobase or its corollary, the forward overlap. Stereoscopic parallax can

be improved by choosing the right base/height (B/H) ratio. The above investigation

appears to be over simplified as a number of other factors can be mentioned which

obviously effect the image quality. However, for the purpose of simplification, we may

conclude that other factors influence image quality indirectly through their effect on tone,

sharpness or parallax.

In general, if image motion and exposure times were no problem, we would

obviously use fine grain, high definition, slow photographic material, with an appropriate

filter in order to get better sharpness and contrast.

Elements of Image Interpretation

The word photograph in Greek means to draw with light, and a photograph, in

fact, is nothing more or less than a graphic record of energy intensities. An image

represents energy reflected, emitted or transmitted from an object in different parts of the

spectrum.

Image interpretation is essential for the efficient and effective use of the data.

While the above properties of aerial photographs/imagery help an interpreter to detect

objects due to their tonal variations, he must also take advantage of other important



characteristics of the objects in order to recognize them. The following nine elements of

image interpretation are regarded as being of general significance, irrespective of the

precise nature of the imagery and the features it portrays.

Shape

Numerous components of the environment can be identified with reasonable

certainty merely by their shape. This is true of both natural features and man-made

objects.

Size

In many cases, the length, breadth, height, area and/or volume of an object can

significant, whether these are surface features (e.g. different tree species) or atmospheric

phenomena (e.g. cumulus versus cumulonimbus clouds). The approximate size of objects

can be judged by comparisons with familiar features (e.g. roads) in the scene.

Tone

We have seen how different objects emit or reflect different wavelengths

intensities of radiant energy. Such differences may be recorded as variations of tone,

colour or density, which enable discrimination of many spatial variables, for example, on

land different crop types or at sea water bodies of contrasting depths or temperatures. The

terms ‘light’, ‘medium’ or ‘dark’ are used to describe variations in tone.

Shadow

Hidden profiles may be revealed in silhouette (e.g. the shapes of buildings or the

forms of field boundaries). Shadows are especially useful in geomorphological studies

where micro relief features may be easier to detect under conditions of low-angle solar

illumination than when the sun is high in the sky. Unfortunately, deep shadows in areas

of complex detail may obscure significant features, e.g. the volume and distribution of

traffic on a city Street.

Pattern

Repetitive patterns of both natural and cultural features are quite common, which

is fortunate because much image interpretation is aimed at the mapping and analysis of



relatively complex features rather than the more basic units of which they may be

composed. Such features include agricultural complexes (e.g. farms and orchards) and

terrain features (e.g. alluvial river valleys and coastal plains).

Texture

Texture is an important image characteristic closely associated with tone in the

sense that it is a quality that permits two areas of the same overall tone to be

differentiated on the basis of microtonal patterns. Common image textures include

smooth, rippled, mottled, lineated and irregular. Unfortunately, texture analysis tends to

be rather subjective, since different interpreters may use the same terms in slightly

different ways. Texture is rarely the only criterion of identification or correlation

employed in interpretation. More often it is invoked as the basis for a subdivision of

categories already established using more fundamental criteria. For example, two rock

units may have the same tone but different textures.

Site

At an advanced stage in image interpretation, the location of an object with

respect to terrain features of other objects may be helpful in refining the identification

and classification of certain picture contents. For example, some tree species are found

more commonly in one topographic situation than in others, while in industrial areas the

association of several clustered, identifiable structures may help us determine the precise

nature of the local enterprise. For example, the combination of one or two tall chimneys.

large central building, conveyors, cooling towers and solid fuel piles point to the correct

identification of a thermal power station.

Resolution

Resolution of a sensor system may be defined as its capability to discriminate two

cosely spaced objects from each other. More than most other picture characteristics,

resolution depends on aspects of the remote sensing system itself, including its nature,

design and performance, as well as the ambient conditions during the sensing programme

and subsequent processing of the acquired data. An interpreter must have a knowledge

about the resolution of various remote sensing data products.



Stereoscopic Appearance

When the same feature is photographed from two different positions with overlap

between successive images, an apparently solid model of the feature can be seen under a

stereoscope. Such a model is termed a stereo model and the three-dimensional view it

provides can aid interpretation. This valuable information cannot be obtained from a

single print.

In practice, these nine elements assure a variety of ranks of importance.

Consequently, the order in which they may be examined varies from one type of study to

another. Sometimes they can lead to assessment of conditions not directly visible in the

images, in addition to the identification of features or conditions that are explicitly

revealed. The process, by which related invisible conditions are established by inference,

is termed “convergence of evidence”. It is useful, for example, in assessing the social

class and/or income group occupying a particular neighbourhood or the soil moisture

conditions in agricultural areas.

Image interpretation may be very general in its approach and objective, such as in

the case of terrain evaluation or land classification. On other occasions it is highly

specific, related to clear-cut goals in such fields as geology, forestry, transport studies and

soil erosion mapping. In no instance should the interpreter fail to take into account

features other than those for which he or she is specifically searching. Failure to give

adequate consideration to all aspects of a terrain is, perhaps, the commonest source of

interpretation error.

The interpretation of images is therefore an essentially deductive process, and the

identification of certain key features leads to the recognition of others. Once a suitable

starting point has been selected, the elements listed earlier are considered either

consciously or subconsciously. The completeness and accuracy of the results depends on

interpreter’s ability to integrate such elements in the most appropriate way to achieve the

objectives that have been set for him or her.

Techniques of image interpretation

The development of interpretation techniques has been mainly by the empirical

method. The gap between the photo image on the one hand and the reference level, i.e.

the level of knowledge in a specific field, in the human mind on the other hand, is



bridged by the use of image-interpretation. The techniques adopted for one discipline

may differ from those adopted for another. The sequence of activity and the search

method may have to be modified to suit the specific requirements.

Image interpretation comprises at least three mental acts that may or may not be

performed simultaneously:

i) The measurement of images of objects

ii) Identification of the objects imaged

iii) Appropriate use of this information in the solution of the problem.

In visual interpretation, the methodology of interpretation for each separate

discipline will depend on

 Kind of information to he interpreted

 Accuracy of the results to he obtained

 The reference level of the person executing the interpretation

 Kind and type of imagery or photographs available Instruments available

 Instruments available

 Scale and other requirements of the final map

 External knowledge available and any other sensory surveys that have

been or wil1 be made in the near future in the same area.

From the scrutiny of the above list, it is evident that no stereotyped approach can

be prescribed for the techniques or the methodology of photo-interpretation. An

interpreter must work out the plan of operations and the techniques depending on the

projects special requirements.  In carrying out this task, an interpreter may use many

more types of data than those recorded on the images he is to interpret.  Many sources,

such as literature, laboratory measurements, analysis, field work and ground and aerial

photographs (or imagery) make up this collateral material.

Activities of image interpretation

Image-interpretation is a complex process comprising physical as well as mental

activities. This means familiarity with so wide a variety of stimuli that the even most

accomplished interpreter is occasionally dependent on reference materials.

The reference material in the form of identification keys is a useful aid in image

Interpretation. Many types of image interpretation keys are available or may be



constructed depending on the abilities of the interpreter and the purpose to be served by

the interpretation.

Interpretation Keys

Scope of image interpretation keys:

There are four types of image interpretation keys:

An Item Key, is a key concerned with the identification of an individual object or

condition.

A Subject Key, is a collection of item keys concerned with the identification of

principal objects or conditions within a given subject category.

A Regional Key, is a compilation of items or subject keys dealing with the

identification of objects or conditions characteristic of a particular region.

An Analogous Area Key, is a subject or regional key which has been prepared for

an accessible area and which by interpretation may be used in the interpretation of objects

or conditions in inaccessible areas which exhibit similar characteristics.

Technical level image interpretation keys:

A Technical Key, is one prepared for use by image interpreters who have had

professional or technical training or experience in the subject concerned.

A Non-technical Key, is one prepared for use primarily by image interpreters who

have not had professional or technical training or experience in the subject concerned.

Intrinsic character of image interpretation keys:

A Direct Key, is a designed primary for the identification of discrete objects or

conditions directly discernible on images.

An Association Key, is one designed primarily for the deduction of information

not directly discernible on images.

Manner of organization or presentation of image interpretation keys:

All image interpretation keys are based upon diagnostic features of the images of

objects or conditions to be identified. As stated above, depending upon the manner in

which the diagnostic features are organized, two general types of keys are recognized

selective and elimination. Selective keys are arranged in such a way that the interpreter



simply selects the example corresponding to the object he is trying to identify.

Elimination keys are arranged so that the interpreter follows a prescribed step-wise

process that leads to the elimination of all items except the one he is trying to identify.

Most interpreters consider the latter type of key preferable.

Selective Keys

An Essay Key, is one where objects or conditions are described in textural form

using images for illustrations only.

A File -Key, is an item key composed of one or more selected images, with notes

concerning their interpretation. This type of key is generally assembled for use by an

individual interpreter.

A Photo Key, is an item key composed of one or more selected images, together

with notes concerning their interpretation, assembled for rapid reproduction and

distribution to other interpreters.

An Integrated-selective Key, is one in which images and recognition features for

any individual object or condition, within a subject or regional key, are so associated that

by reference to the appropriate portion of the key the object or condition can be

identified.

Elimination Keys

A Disk Key, is one in which selected images recognition features are grouped or

arranged on one or more disks so that, when the recognition features are properly aligned,

all but one object or condition of the group under consideration is eliminated from view.

A Punch Card Key, is one in which selected image recognition features are

arranged in groups on separate punch cards. When the properly selected cards are

superimposed upon a coded base, all but one object or condition of the subject group

under consideration is eliminated from view.

A Dichotomous Key, is one in which the graphic or word description assumes the

form of a series of pairs of contrasting characteristics which permit progressive

elimination of all but one object or condition of the subject group under consideration.



A modification of the elimination key is to allow probabilistic rather than absolute

identification at any step or steps in a sequence of steps. A probabilistic key based on

local apriori statistics, is necessary where identification cannot be completed.

Methods of search and sequence of interpretation

In visual interpretation and whenever possible, especially when examining

vertical or nearly vertical photographs, the scene is viewed stereoscopically. The

sequence begins with the detection and identification of objects followed by

measurements of the image. The image is then considered in terms of information,

usually non-pictorial, and finally deductions are made. The interpreter should work

methodically, proceeding from general considerations to specific details and from known

to unknown features.

There are two basic methods that may be used to study aerial imagery:

“Fishing expedition” - an examination of each and every object so as not to miss

anything,

“Logical search” - quick scanning and selective intensive study.

Sequence of Activities

Normally the activities in an image-interpretation sequence include the following:

Detection

Detection means selectively picking out an object or element of importance for

the particular kind of interpretation in hand. It is often coupled with recognition, in which

case the object is not only seen but also recognized.

Recognition and Identification

Recognition and identification together are sometimes termed photo-reading.

However, they are fundamentally the same process and refer to the process of

classification of an object by means of specific or local knowledge within a known

category upon an object’s detection in a photo-image.



Analysis

Analysis is the process of separating or delineating a set of similar objects. In

analysis, boundary lines are drawn separating the groups, and the degree of reliability of

these lines may be indicated.

Deduction

Deduction may be directed to the separation of different groups of objects or

elements and the deduction of their significance based on converging evidence. The

evidence is derived mainly from visible objects or from invisible elements, which give

only partial information on the nature of certain correlative indications.

Classification

Classification establishes the identity of a surface or an object delineated by

analysis. It includes modification of the surface into a pertinent system for use in field

investigation. Classification is made in order to group surfaces or objects according to

those aspects that, for a certain point of view, bring out their most characteristic aspects.

Idealization

Idealization refers to the process of drawing or standardized representations of

what is actually seen in the photo image. This process is helpful for the subsequent use of

photograph/imagery during field investigations and in the preparation of base maps.

These processes would be better explained by taking an example. If investigations

of dwellings are to be carried out, the first step would be to detect photo images having

rectangular shape etc. The next step would be to recognize, say, a single storey

construction and a double storey construction. Delineation of the two groups of objects

would be done under the process of analysis in which, a boundary line may be drawn

separating the two groups. At this stage, in view of various converging evidence, it may

be deduced that one group is a single storey dwelling. In more difficult cases this would

be done in the process of classification and a code number appointed to the groups to help

field examinations. Cartographic representation would be made under the process of

idealization.



Convergence of evidence

Image interpretation is basically a deductive process. Features that can be

recognized and identified directly lead the image interpreter to the identification and

location of other features. Even though all aspects of an area are irreversibly interwined,

the interpreter must begin some place, he can not consider drainage, landform,

vegetation, and manmade features simultaneously. He should begin with one feature or

group of features and then on to the others, integrating each of the facets of the terrain as

he goes. For each terrain, the interpreter must find his own point of beginning and then

consider each of the various aspects of the terrain in logical fashion. Deductive image

interpretation requires conscious or unconscious consideration of the elements of image

interpretation listed earlier. The completeness and accuracy of image interpretation are

proportional to the interpreter’s understanding of how and why images show shape, size,

tone, shadow, pattern, and texture, while an understanding of site, association, and

resolution strengthens the interpreter’s ability to integrate the different features making

up a terrain. For the beginners, systematic consideration of the elements of image

interpretation should precede integrated terrain interpretation.

The principle of convergence of evidence requires the interpreter first to

recognize basic features or types of features and then to consider their arrangement

(pattern) in the real context, Several interpretations may suggest themselves. Critical

examination of the evidence usually shows that all interpretations but one are unlikely or

impossible. The greatest difficulty in interpreting images involves judging degrees of

probability.

Sensors in Photographic Image Interpretation

As stated earlier, characteristics not visible to the human eye can also be recorded

and displayed by using proper sensor types. Digital data can also be transferred onto any

type of film, depending on the type of study to be carried out. Normally, the four types of

films are used for visual data display as follows.

a) Black-and-white panchromatic,

b) Black-and-white infrared

c) Colour

d) Colour infrared/false colour



All of the above types are available in different grades and sensitivities that can be

preselected for a particular use. An interpreter must know the characteristics of each of

these before starting an interpretation job. The same is true for the digital data display for

multispectral, thermal and radar imagery.

Methods of analysis and reference levels

The mental process involved in image-interpretation is related to the reference

levels of the interpreter, i.e. the capacity of the interpreter to make decisions, consciously

or unconsciously. The reference level in context is the amount of knowledge stored in the

mind of any group of personnel involved in the interpretation of photographs or imagery.

Methods of analysis depend on the type of material used for interpretation as well as the

instruments and equipment available. The following methods are generally used.

Monocular analysis: in the case of satellite imagery and photographic

enlargements.

Stereoscopic analysis: for vertical/near vertical aerial photographs, SPOT as well

as IRS-IC stereo-imagery.

Densitometric analysis: for both aerial photographs and imagery for quantitative

analysis using densitometers, based on the measurements of tonal variation, a

fundamental characteristic of all objects, for identifying terrain features.  Such analysis is

now carried out using digital image processing systems.

The use of multiple images in image interpretation

Advances in sensor and platform technology have increased the amount and type

of information available to the image interpreter. Sensor systems currently being used are

capable of presenting the interpreter with a visual representation of energy emitted,

reflected and transmitted at wavelengths outside the visible portion of the

electromagnetic spectrum and therefore beyond direct visual experience. Available sensor

platforms can present the interpreter with a variety of scales. The impact of’ these

technological advances has been to present the interpreter with a multiplicity of data for

interpretation. These are the use of multi-band, multi-date, multi-stage, aria multi-

disciplinary analysis techniques.



Multi-band concept and images

Basic to the interpretation of multiple images is what has come to be known as the

multi-band concept. The level of energy reflected, emitted and transmitted by objects

normally varies with wavelength throughout the electromagnetic (EM) spectrum. The

signature of an object on an image is governed by the amount of energy received by the

sensor within the wavelength range in which that sensor images. Therefore, a unique

tonal signature for a particular object can often be identified if the energy that is being

emitted, reflected, and/or transmitted from it, is broken down into carefully selected

wavelength bands. Stated another way, conventional imaging systems sensitive to broad

wavelength regions within the EM spectrum, e.g., colour film in a conventional aerial

camera, may not be as effective in producing adequate object-to-background contrast

ratios as imagery obtained from a number of selected narrow-wavelength bands.

The term multiband is often applied to the analysis and/or acquisition of imagery

from within a particular wavelength band of the electromagnetic spectrum, e.g. visible,

ultraviolet or thermal infrared. The term multispectral image analysis is commonly used

to denote the analysis of imagery from more than one spectra region, so it follows that the

combined analysis of images acquired in the ultraviolet, thermal infrared and/or

microwave regions would also increase the amount of information which could be

extracted by the interpreter. It is important then for the image interpreter to become aware

of the important imaging characteristics of a variety of sensor systems.

Multi-date concept and imagery

Just as the recording of data in various bands of the spectrum can provide

valuable information to the image interpreter, so too, in many cases, can the recording of

energy from the same area through time prove valuable (multi-date or sequential

photos/imagery). Many features exhibit unique changes with the passage of time. It may

be difficult even with the use of multi-band, multi-spectral imagery acquired on a single

date to discriminate and identify the mix of agricultural crops growing in a particular

area. If multiple image acquisition missions are coupled with a knowledge of the crop

phonological cycles (crop calendar) of the area under investigation, identification is

facilitated. This is true because crops grown in an area generally will exhibit unique

growth characteristics which, if known, can aid in identification. Changes in urban areas,



assessment of flood or disaster evaluation, and monitoring changes in coastal morphology

are examples of’ studies in which the interpretation of multi-date imagery can add

significant information.

Multi-stage concept and data

In a multistage sampling scheme, progressively more detailed information is

obtained for smaller sub-samples of the area under investigation. Basically, this method

takes advantages of increasingly finer resolution, which can be provided by the use of

either multiple sensor platforms (such a low and high-altitude aircraft and spacecraft) or

by using a variety of focal lengths from a single sensor platform. These act as sub-

samples which can be used to increase the efficiency of the sample selection in each

subsequent stage. The precision of the estimated information depends solely on the

relationships between predictions made by image interpretation and the value of

measured characteristics of the sample units used to estimate population parameters. It

should be stressed here that the accuracy of the final estimate therefore depends solely on

the quality of image interpretation at all levels of generalization. The methodology is easy

to employ. Operationally, the technique is efficient and provides for a greater portion of

the work to be concentrated an areas of higher values.

Multi-disciplinary analysis

It has been stated that remotely sensed data are “once written, many times read.”

Basically, this means that one image can be looked at by a number of specialists and each

may gain information of value to his or her particular discipline. In order to ascertain the

agricultural potential of a given area, a team of geologists, hydrologists, pedologists,

agronomists. meteorologists, geographers, foresters and economists, among others, might

examine the imagery of a given area. Having interpreted by various discipline specialists

a synergistic effect can be created. For many types of earth-resource analysis, the use of

the convergence system by image interpretation of varying background is likely to

produce a more accurate and thorough analysis than could be achieved by a single image

interpreter working alone.



Instruments for visual interpretation and transfer of data

Interpretation Instruments

Monocular instruments : magnifiers

Stereoscopic instruments : Mirror and pocket stereoscope

Interpretoscope

Zoom stereoscope

Scanning mirror

Stereoscope

Instruments for Transfer of Data

For flat terrain : Sketchmaster

Stereosketchmaster

Zoom transferscope

Optical pantograph or reflecting projector

For hilly terrain : Stereoplotters

Orthophoto together with its stereo-mate,
can be used for interpretation and
delineation’s. Since preparation of
orthophoto and its stereo-mate is a complex
process, the method is not so popular.

Conclusion

The scope of image-interpretation as a tool for analysis and data collection is

widening with the advance of remote sensing techniques. Space images have already

found their use in interpretation for the earth sciences. Because of the flexibility of its

techniques and substantial gains in accuracy, speed and economy over conventional

ground methods, the future of image-interpretation is assured. However, great endeavor is

required on the part of the interpreter to assess his or her own empirical knowledge in

order to formulate the optimum data requirements for different disciplines. This is

essential for the better development of image-interpretation and for widening the scope of

application of its techniques.



PRINCIPAL COMPONENT ANALYSIS

The multispectral image data is usually strongly correlated from one band to the

other.  The level of a given picture element on one band can to some extent be predicted

from the level of that same pixel in another band.

Principal component analysis is a pre-processing transformation that creates new

images the uncorrelated values of different images.  This is accomplished by a linear

transformation of variables that corresponds to a rotation and translation of the original

coordinate system.

This transformation is conceptualized graphically by considering the two-

dimensional distribution of pixel obtained in two bands, which are labeled simply X1 and

X2. A scatter plot of all the brightness values associated with each pixel in each band,

along with the location of the respective means, µ1, µ2. The spread or variance of the

distribution of points is an indication of the correlation and quality of information

associated with both bands. If all the data points clustered in an extremely tight zone in

the two-dimensional space, these data would probably provide very little information as

they are highly correlated.

The initial measurement coordinate axes (X1 and X2) may not be the best

arrangement in multispectral feature space to analyze the remote sensor data associated

with these two bands. The goal is to use principal components analysis to translate and/or

route the original axes so that the original brightness values on axes Xi and X2 are

redistributed (reprojected) onto a new set of axes or dimensions, X’1 and X’2. For

example, the best translation for the original data points from X1 to X’1 and from X2 to

X’2 coordinate systems might be the simple relationship X’1 = X1 - µ1 and X’2 = X - µ2.

Thus, the origin of the new coordinate system (X’1 and X’2) now lies at the location of

both means in the original scatter of points.

The X’ coordinate system might then be rotated about its new origin (µ1, µ2) in

the new coordinate system some  degree so that the axis X’1 is associated with the

maximum amount of variance in the scatter of points . This new axis is called the first

principal component (PC1 = 1). The second principal component (PC2 = 2) is

perpendicular (Orthogonal) to PC1. Thus, the major and minor axes of the ellipsoid of

points in bands X1 and X2 are called the principal components. The third, fourth, fifth and



so on, components contain decreasing amounts of the variance found in the data set. To

transform (reproject) the original data on the X1 and X2 axes onto the PC1 and PC2 axes,

we must obtain certain transformation coefficients that we can apply in a linear fashion to

the original pixel values. The linear transformation required is derived from the

covariance matrix of the original data set. Thus, this is a data-dependent process with

each new data set yielding different transformation coefficients.

Components 1, 2 and 3 account for most of the variance in the dataset. Any

operation performed using just these three principal component images. This greatly

reduces the amount of data to be analyzed and completely bypasses the expensive and

time-consuming process of feature selection so often necessary when classifying

remotely sensed data. Principal component analysis operates on all bands together.

Principal component images may be analysed as separate black and white images,

or any three component images may be colour coded to form a colour composite.

Principal component enhancement techniques are particularly appropriate in areas where

little priori information concerning the region is available.

IMAGE CLASSIFICATION

The overall objective of image classification is to automatically categorize all

pixels in an image into land cover classes or themes. Normally, niultispectral data are

used to perform the classification, and the spectral pattern present within the data for each

pixel is used as numerical basis for categorization. That is, different feature types

manifest different combination of DNs based on-their inherent spectral reflectance and

emittance properties.

The term classifier refers loosely to a computer program that implements a

specific procedure for image classification. Over the years scientists have devised many

classification strategies. From these alternatives the analyst must select the classifier that

will best accomplish a specific task. At present it is not possible to state that a given

classifier is “best” for all situation because characteristics of each image and the

circumstances for each study vary so greatly. Therefore, it is essential that analyst

understand the alternative strategies for image classification.

The traditional methods of classification mainly follow two approaches:

unsupervised and supervised. The unsupervised approach attempts spectral grouping that



may have an unclear meaning from the user’s point of view. Having established these, the

analyst then tries to associate an information class with each group.  The unsupervised

approach is often referred to as clustering and results in statistics that are for spectral,

statistical clusters. In the supervised approach to classification, the image analyst

supervises the pixel categorization process by specifying to the computer algorithm;

numerical descriptors of the various land cover types present in the scene. To do this,

representative sample sites of known cover types, called training areas or training sites,

are used to compile a numerical interpretation key that describes the spectral attributes

for each feature type of interest. Each pixel in the data set is then compared numerically

to each category in the interpretation key and labeled with the name of the category it

looks most like. In the supervised approach the user defines useful information categories

and then examines their spectral separability whereas in the unsupervised approach he

first determines spectrally separable classes and then defines their informational utility.

It has been found that in areas of complex terrain, the unsupervised approach is

preferable to the supervised one. In such conditions if the supervised approach is used,

the user will have difficulty in selecting ailing sites because of the variability of spectral

response within each class. Consequently, a prior ground data collection can be very time

consuming. Also, the supervised approach is subjective in the sense that the analyst tries

to classify information categories, which are often composed of several spectral classes

whereas spectrally distinguishable classes will be revealed by the unsupervised approach,

and hence ground data collection requirements may be reduced. Additionally, the

unsupervised approach has potential advantage of revealing discriminable classes

unknown from previous work. However, when definition of representative training areas

is possible and statistical an information classes show a close correspondence, the results

of supervised classification will be superior to unsupervised classification.

Unsupervised classification

Unsupervised classifiers do not utilize training data as the basis for classification.

Rather, this family of classifiers involves algorithms that examine the unknown pixels in

an image and aggregate them into a number of classes based on the natural groupings or

clusters present in the image values. It performs very well in cases where the values

within a given cover type are close together in the measurement space, data in different



classes are comparatively well separated. The classes that result from unsupervised

classification are spectral classes because they are based solely on the natural groupings

in the image values, the identity of the spectral classes will not be initially known. The

analyst must compare the classified data with some form of reference data (such as larger

scale imagery or maps) to determine the identity and informational value of the spectral

classes. In the supervised approach we define useful information categories and then

examine their spectral separability; in the unsupervised approach we determine spectrally

separable classes and then define their informational utility.

There are numerous clustering algorithms that can he used to determine the natural

spectral groupings present in data set. One common form of clustering, called the “K-

means” approach also called as ISODATA (Interaction Self-Organizing Data Analysis

Technique) accepts from the analyst the number of clusters to be located in the data. The

algorithm then arbitrarily “seeds”, or locates, that number of cluster centers in the

multidimensional measurement space. Each pixel in the image is then assigned to the

cluster whose arbitrary mean vector is closest. After all pixels have been classified in this

manner, revised mean vectors for each of the clusters arc computed. The revised means

are then used as the basis of reclassification the image data. The procedure continues

until there is no significant change in the location of class mean vectors between

successive iterations of the algorithm. Once this point is reached, the analyst determines

the land cover identity of each spectral class. Because the K-means approach is iterative,

it is computationally intensive. Therefore, it is often applied only to image subareas

rather than to full scenes.

Advantages

Advantages of unsupervised classification (relative to supervised classification)

can be enumerated as follows:

 No extensive prior knowledge of the region is required.

 The opportunity for human error is minimized.

 Unique classes are recognized as distinct units.



Disadvantages and limitations

Disadvantages and limitations arise primarily from a reliance on “natural”

grouping and difficulties in matching these groups to the informational categories that are

of interest to the analyst.

Unsupervised classification identifies spectrally homogeneous classes within the

data; these classes do not necessarily correspond to the informational categories that are

of interest to analyst. As a result, the analyst is faced with the problem of matching

spectra classes generated by the classification to the informational classes that are

required by the ultimate user of the information.

Spectral properties of specific information classes will change over time (on a

seasonal basis, as well as over the year). As a result, relationships between informational

classes and spectral classes are not constant and relationships defined for one image can

seldom be extended to others.

Supervised classification

Supervised classification can he defined normally as the process of samples of

known identity to classify pixels of unknown identity. Samples of known identity are

those pixels located within training areas. Pixels located within these areas term the

training samples used to guide the classification algorithm to assigning specific spectral

values to appropriate informational class.

Classification Algorithms

Various supervised classification algorithms may be used to assign an unknown

pixel to one of a number of classes. The choice of a particular classifier or decision rule

depends on the nature of the input data and the desired output. Parametric classification

algorithms assume that the observed measurement vectors X~ for each class in each

spectral band during the training phase of the supervised classification are Gaussian in

nature; that is, they arc normally distributed. Nonparametric classification algorithms

make no such assumption. It is instructive to review the logic of several of the classifiers.

Among the most frequently used classification algorithms arc the parallelepiped,

minimum distance, and maximum likelihood decision rules.



Parallelepiped Classification Algorithm

This is a widely used decision rule based on simple Boolean “and/or” logic.

Training data in n spectral hands are used in performing the classification. Brightness

values from each pixel of the multispectral imagery are used to produce an n-dimensional

mean vector, Mc = (ck1, c2, c3, … cn) with ck being the mean value of the training

data obtained for class c in hand k out of m possible classes, as previously defined. Sck is

the standard deviation of the training data class c of band k out of m possible classes.

The decision boundaries form an n-dimensional parallelepiped in feature Space. If

the pixel value lies above the lower threshold and below the high threshold for al n bands

evaluated, it is assigned to an unclassified category. Although it is only possible to

analyze visually up to three dimensions, as described in the section on computer graphic

feature analysis, it is possible to create an n-dimensional parallelepiped for classification

purposes.

The parallelepiped algorithm is a computationally efficient method of classifying

remote sensor data. Unfortunately, because some parallelepipeds overlap, it is possible

that an unknown candidate pixel might satisfy the criteria of more than one class. In such

cases it is usually assigned to the first class for which it meets all criteria. A more elegant

solution is to take this pixel that can be assigned to more than one class and use a

minimum distance to means decision rule to assign it to just one class.

Minimum distance to means classification algorithm

This decision rule is computationally simple and commonly used. When used

properly it can result in classification accuracy comparable to other more computationally

intensive algorithms, such as the maximum likelihood algorithm. Like the parallelepiped

algorithm, it requires that the user provide the mean vectors for each class in each hand

ck from the training data. To perform a minimum distance classification, a program must

calculate the distance to each mean vector, ck from each unknown pixel (BVijk). It is

possible to calculate this distance using Euclidean distance based on the Pythagorean

theorem. The computation of the Euclidean distance from point to the mean of Class-I

measured in band relies on the equation

Dist = SQRT (BVijk - ck)
2 + (BVijk - cl)

2



Where ck and cl represent the mean vectors for class c measured in bands k and l.

Many minimum-distance algorithms let the analyst specify a distance or threshold

from the class means beyond which a pixel will not be assigned to a category even

though it is nearest to the mean of that category.

When more than two hands are evaluated in a classification, it is possible to

extend the logic of computing the distance between just two points in n space using the

equation

n
Dab =   ( a1 – b1)

2

l = 1

Maximum likelihood classification algorithm

The maximum likelihood decision rule assigns each pixel having pattern

measurements or features X to the class c whose units arc most probable or likely to have

given rise to feature vector x. It assumes that the training data statistics for each class in

each band arc normally distributed, that is, Gaussian. In other words, training data with

bi-or trimodal histograms in a single hand arc not ideal. In such cases, the individual

modes probably represent individual classes that should he trained upon individually and

labeled as separate classes. This would then produce unimodal, Gaussian training class

statistics that would fulfill the normal distribution requirement.

To classify the measurement vector X of an unknown pixel into a class, the

maximum likelihood decision rule computes the probability value for each class. Then it

assigns the pixel to the class that has the largest (or maximum) value.

The Bayes’s decision rule is identical to the maximum likelihood decision rule

that it does not assume that each class has equal probabilities. A priori probabilities have

been used successfully as a way of incorporating the effects of relief and other terrain

characteristics in improving classification accuracy. The maximum likelihood and

Bayes’s classification require many more computations per pixel than either the

parallelepiped or minimum-distance classification algorithms. They do not always

produce superior results.


