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Introduction 

Simple photography was the initial method of obtaining an image and aerial photography 

was used in the early days for observing the earth. Earth observation using remotely 

sensed images taken on board satellites is a technique which has been used 

subsequently to obtain better images. Here we examine some of the satellites and their 

orbits. The different types of sensing methods are discussed in this session.  

  

Aims: 

❖    To give a brief history of Earth observation and the development of the   

observation techniques.  

❖    To introduce the different types of satellite orbits. 

❖    An introduction is also given to multispectral, thermal, hyperspectral and radar   

sensing methods. 

 

4.1 Brief history of the development of photography and the 

techniques of processing   

We have so far studied about the electromagnetic radiation and the need to sense this 

radiated energy for obtaining images for interpretation. Earth observation is an activity 

that has started a long time ago, may be with the land surveys conducted physically 

using various measuring instruments. Gradually observation from air was possible and 

then developed to satellite observations. Let us now briefly see, how it all first began.  

  

Photography has been in existence since 1839. It was in 1840 that photography was first 

used for topographic surveying by the Director of the Paris Observatory. 

 

These are the first attempts made in the technique of ‘remote sensing’. Although the 

airplane was invented in 1903, it was used as a camera platform only in 1908, when the 

first aerial motion picture was taken. Photography from aircraft received highest 

attention in the interest of military reconnaissance during World War I, when aircraft 

flew over enemy forces to observe troop movements. During World War II the technique 

was developed further. Aerial photographs were used to map sea bottom conditions 

along the coast to better plan the manoeuvering of landing craft. By measuring waves 

close to the coast it was possible to determine the wavelength in surf and thereby 
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calculate water depths. Furthermore, infrared film made it possible to identify green 

vegetation and distinguish it from camouflage nets. 

 

If we analyse the reasons for using aerial photography as a means of Earth observation 

over the methods of on-the-ground eye observation, we can state some of them as 

follows. Aerial photography gives an improved vantage point and a photograph can give 

‘stop action’ view of dynamic conditions such as floods traffic, moving wildlife etc. Aerial 

photographs are permanent records of existing conditions. Photographic film can ‘see’ 

and record over a wavelength range of 0.3 to 0.9 m, which is about twice as broad as 

that of the human eye, where the range is only 0.4 to 0.7 m. Photography will detect 

invisible UV and near-IR energy. This is recorded in the form of a visible image. 

 

Development in photography increased the use of photographic images in Earth 

observation. Let us look at the processing methods used in traditional photography and 

the more advanced electronic imaging.  

 

Traditional photographic processing is done through a chemical process. ’Data 

transmission’ is through mail, delivery service or fax. Softcopy display is done on slides 

or as movies. Hardcopy display is, as silver halide prints. 

 

The development of film, which was sensitive in infrared (IR) wavelengths, could be used 

in the mapping of various areas such as vegetation. 

 

Traditional photography developed to electronic imaging. In contrast to traditional 

photography, in electronic imaging data capture is done using photosensitive solid-state 

devices. Data storage is done using magnetic, optical and solid-state media and data 

manipulation by digital image processing. Data transmission is by telemetry, telephone 

lines, computer networks and softcopy display are on computer monitors, television and 

projection video. Hardcopy display is by dye sublimation, inkjet, thermal and laser 

printers.  

 

Gradually other remote sensing technologies developed, and mapping experiments were 

performed with airborne radar recording. 

 

4.2 Introduction to satellite imaging 

With the advent of space exploration, the technique of remote sensing went far beyond 

the limitations imposed by aerial photography. Studying the Earth from space developed 
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from pure research, to even daily applications. We depend on space borne sensors to 

assist in tasks ranging from weather prediction, crop forecasting, mineral exploration, 

pollution detection, commercial fishing and many others. All this has happened in a very 

short period of time. It is not meant to give a detailed description of satellites at this 

stage. Earth resource satellites and weather satellites will be dealt with in separate 

sessions. 

 

There are satellites operating within the optical spectrum which extends from 

approximately 0.3 to 14 m. This range includes UV, visible, near-IR, mid-IR, and 

thermal-IR wavelengths. This range is named the ‘optical spectrum’ because lenses and 

mirrors can be used to refract and reflect such energy. 

 

There are also satellites, which operate in the microwave portions of the spectrum 

ranging from approximately 1mm to 1m wavelength.  

 

Remote sensing from space really got under way through remote sensing from rockets. 

As early as 1891 a rocket propelled camera system was invented by a German, which 

was recovered by parachute. In 1912 another German successfully sent up a 200  250 

mm format camera to a height of 790m. During the period 1946 to 1950 small cameras 

were carried aboard rockets that were fired from New Mexico. However, the photographs 

produced were of inferior quality.    

 

Figure 4.1: The different satellite orbits 

(Source: https://www.esa.int/images/orbits-400.jpg) 

 

The first weather satellite Television Infrared Observation Satellite (TIROS) 1, was sent 

into orbit in 1960. It provided the US Weather Bureau with daily images of cloud 

formations and was a milestone in the progress of weather forecast. Other weather 
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satellites operated by the Unites States are the National Oceanic and Atmospheric 

Administration (NOAA) satellites. The Geostationary Operational Environmental Satellite 

(GOES) system and the Meteosat satellite system are also weather satellite systems in 

operation. 

 

The first mapping satellite, Landsat 1, was sent into orbit in 1972. It was equipped with 

a new type of sensor, a Multispectral Scanner (MSS). With this modern technology data 

were produced in the form of chronological matrices, and this meant substantial 

advances in digital image processing. In 1973, Skylab, the first American space 

workshop was launched, and its astronauts took over 35,000 images of the Earth using. 

The instruments used included a six-camera multispectral array, a long focal length 

‘earth terrain’ camera, a 13-channel multispectral scanner, a pointable 

Spectroradiometer and two microwave systems. All these experiments highlighted the 

usefulness of space imagery in Earth observation.  

 

The SPOT (Satellite Pour l'Observation de la Terre) satellite was launched in 1986 with 

the participation of France, Sweden and Belgium. India has launched a moderate 

resolution satellite system named Indian Remote Sensing satellites (IRS). Some of the 

other satellites, which have been launched in recent times and provide much information 

about the Earth and its environment are, the Resurs by the Soviet Union and Russia. 

 

The European Space Agency has launched European Remote Sensing (ERS) satellite 

series. This agency also launched Environmental Satellite (ENVISAT) in March 2002. This 

system will provide information of the atmosphere, ocean, land and ice over a period of 

at least five years. It has also designed and launched the Meteosat satellite system. 

 

The first Meteosat satellite system was launched in the early seventies and it is used for 

weather forecasting and study of climate. It has a spatial resolution of 2.5 Km and 

provides images every 30 minutes. A new generation of more sophisticated weather 

satellites have been designed to produce more precise data in a shorter time. The 

Meteosat Second Generation has been launched in August 2002 and will transmit more 

20 times the information of its predecessor. With a spatial resolution of 1 Km it will 

provide sharper images of the changing weather over Europe, Africa and some parts of 

Asia every 15 minutes.  

 

The most advanced military satellites can scan areas of 10 by 10 cm or less. It can 

detect minute details such as individuals, vehicles and small installations. Other than 
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Earth observation and weather forecasting, satellite systems are also used for 

astronomy, geophysics and telecommunication.   

 

The development of more and more satellite systems is sure to take place in the future 

with the participation of many countries. 

 

4.3 Satellite Orbits 

An orbit is the path taken by a celestial body moving at a constant speed around another 

celestial body. A satellite is a manmade body sent to space for experimental or any other 

purpose and which rotates round the Earth or any other planet under observation. What 

we are dealing with in this course on remote sensing are, satellites designed for 

obtaining remotely sensed information, which can be used for the benefit of mankind.  

   

Satellites in orbit are outside the Earth’s atmosphere. Hence there is no resistance to air. 

The gravitational pull of the Earth provides a balance to the centrifugal force acting on 

the satellite. According to the law of inertia, the speed of the satellite is constant. The 

orbiting period of a satellite is the time taken to travel one orbital path around the Earth. 

A satellite may thus remain in the same orbit around the earth for many years but alters 

due to a faint atmosphere still present and due to the sun particles. 

 

Figure 4.2: Forces acting on satellite in orbit 

 

What is the relation between satellite height (distance to the earth) and the orbiting 

period? 

 

Let us consider the forces acting on it at different altitudes. The gravitation diminishes as 

the distance increases and thus the centrifugal force must increase, and the orbital 

velocity is also increased. If not, what will happen to the satellite? Yes of course, it will 

leave its orbit and wander away!  



7 
Produced by The Open University of Sri Lanka 

2019 

A satellite in low orbit, say about 800 km from the Earth, is exposed to an immense 

gravitational pull and must move at an immense speed to generate a corresponding 

centrifugal force. So, there is an inverse relationship between the distance to the Earth 

and the orbital velocity of the satellite.  

 

At 36000 km, the orbiting time is 24 hours, which corresponds to the rotation time of the  

Earth. At this distance, a satellite above the Equator will be ‘stationary’ in relation to 

the Earth. This orbit at 36000 km above the equator, is known as the ‘geostationary 

orbit’. 

    

Activity 4.1 

 

What is the speed of the satellite flying at the following altitudes? 

 

4.3.1 The Geostationary Orbit 

The geostationary orbit 36000 km from the Earth in the equatorial plane, is best known 

for the many satellites used for various forms of telecommunication, including television 

and for meteorological observations.  

 

A geostationary satellite will always view the same area on the Earth, which means that 

it can record an image of the same area, at any interval. Constantly changing weather 

conditions of the same area can be obtained at brief intervals. Weather satellites cover 

the entire earth in the geostationary orbit. They provide us valuable input for the daily 

weather forecast. 

 

The disadvantage of the geostationary orbit is the great distance to the Earth. This sets 

a limit on the spatial resolution that can be achieved. The spatial resolution achieved by 

weather satellites is however sufficient for weather forecasting. 

 

 

 

 

 

Satellite altitude Speed at satellite height Speed at ground 

700 Km Approx. 25,000 Km/hr 6.6 Km/sec 

36,000 Km Approx. 11,000 Km/hr 1.6 Km/sec 
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 Figure 4.3: geostationary orbit 

 (source: http://www.esa.int/images/10-meteosat_l,0.gif) 

 

 

 

 

 

 

 

 

Figure 4.4: solar synchronous orbit 

(source: http://www.esa.int/images/11_400.gif) 

 

4.3.2 Sun-Synchronous Orbits 

A solar or sun-synchronous orbit is a polar orbit. Let us see the advantage of placing 

satellites in a polar orbit. 

 

Many satellites are equipped with passive sensor systems, which are dependent on solar 

illumination. They measure the reflection of sunlight from the earth. Their orbits are 

adjusted to the rhythm of day and night.  

 

What is temporal analysis? 

 

Images recorded of the same area, over a period are compared. If they are to be 

comparable, the light conditions must be identical. The recordings must take place at the 

same time of day local time so that the altitude of the sun above the horizon is the 

same. That means the plane of the satellite orbit must remain at a constant angle to the 

light from the sun. 
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How can this be achieved?  

 

When the satellite is in a polar orbit this is possible. 

 

 

 

 

 

A satellite revolves in its orbit, and the Earth rotates on its axis below.  

To scan the entire surface of the Earth, the satellite will rotate several times. Each 

complete rotation will scan a new strip of the Earth’s surface. 

 

What are ‘low resolution’ satellites? 

These satellites scan a broad strip with each rotation. The will cover the entire Earth in a 

few rotations.  

 

What are ‘high resolution’ satellites? 

These satellites scan only a narrow strip at a time. They will cover the entire Earth in 

several days.  

 

Although named polar satellites all polar satellites do not traverse right over the poles. 

Instead they traverse close to the poles. Polar satellites can have the plane of their 

orbits forming an angle with the plane of the equator. The area covered on the Earth’s 

surface will depend on this angle. Direct and Retrograde orbits are named, depending on 

the angle with the plane of the equator.  

 

Polar satellites can move in a polar orbit, which is over the poles, or in direct orbit, 

which is with an inclination of between 0-90 degrees, whereby they move eastward, or 

they can move in retrograde orbit, which is with an inclination of between 90-180 

degrees, where they move westwards. 

 

To cover the entire planet with one satellite the inclination must be 90 degrees.  

 

Activity 4.2 

SPOT and IRS are satellites in polar orbits. Explain in detail, with the help of diagrams, 

how they can be used for rice mapping and monitoring.  

Polar orbiting and sun-synchronous satellites acquire imagery over a given point 

always at the same local time.  

In the case of Landsat, it is at approximately 10.00 hours. 
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4.4 Introduction to Multispectral, Thermal and Hyperspectral 

Sensing and Radar sensing 

Remote sensing systems used to collect multispectral and hyperspectral imagery 

are given bellow. The analysis of image data obtained by these methods will be 

discussed in later sessions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5: Remote sensing systems used to collect multispectral and hyperspectral 

imagery 
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4.4.1 Multispectral Sensing 

Multiband images are images sensed simultaneously from the same geometric vantage 

point, but in different bands of the electromagnetic energy spectrum. A multi spectral 

scanner operates on this principle of selective sensing in multiple spectral bands and 

may sense in many bands over a greater range of the electromagnetic spectrum. 

Utilizing electronic detectors, multispectral scanners can extend the range of sensing 

from 0.3 to approximately 14 micrometres. This includes the UV, visible, near-IR, mid-IR 

and thermal IR spectral regions.  

 

The range of wave length covered by one band will indicate the ‘spectral resolution’. 

Hence narrow bands have a high spectral resolution.   

 

Today the scanner is an important instrument in remote sensing. It is used on land, in 

aircraft and in satellites. The detectors of the scanner are designed to receive radiation 

from specific channels only.  

 

Each multispectral scanning satellite is suited to a specific mapping purpose depending 

on the number of channels, their existence in the electromagnetic spectrum, their width, 

etc. Hence the spectral resolution of images scanned, will be different for different 

satellites. Of course, the spatial and temporal resolution will also vary depending on the 

application of the satellite. 

 

How does a scanner work? 

 

The radiation from the scanned area on the earth strikes first a mirror on the scanning 

instrument, from which it passes through an optical filter separating the various 

wavelengths. Finally, the filtered radiation strikes various detectors, each of which 

measures the amount of radiation within their wavelength range (channel). The result of 

this measurement is a number quantifying the amount of radiation in each channel, 

which means that the scanner delivers digital data. For each scanned area (pixel), a 

number is delivered for each channel. For each channel, a chronological matrix is 

delivered. If all numbers from all channels are considered together, they represent the 

‘spectral signature’ of the scanned area. This gives the data set for the area.   
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Figure 4.6: MSS Scanning arrangement 

 

A mirror reflects the radiation from a square on the surface of the earth. The size of the 

scanned area and the spatial resolution will depend on the optics of the satellite, and the 

amount of data and of detail the satellite can sense will depend on these factors. 

 

As the satellite moves forward a new line is scanned on the earth. An oscillating or 

rotating mirror and an aperture mechanism ensures that light is admitted and excluded 

in a certain rhythm so that the scan lines are well defined. In this way data are collected 

for a chronological matrix. The numbers in the matrix, which are the digital data, are 

transmitted to earth-based stations via ordinary radio communication.  

 

In across-track or whisk-broom scanning, (see figure 4.6), the satellite rotates and 

moves forward in its orbit simultaneously. Such systems scan the terrain along scan 

lines that are at right angles to the line of flight. For every rotation, a new line is 

scanned on the earth. 

 

In a long-track or push-broom scanning, (see figure 4.7), a linear array of detectors is 

oriented perpendicularly to the flight direction, and scanners record multispectral image 

data along a swath. Satellites doing push-broom scanning are not rotating, and the array 

of detectors is detecting the chronological matrix as the satellite moves along its track.  

The spatial resolution of these instruments can be good and often in the order of 30m 

but can also be better at 1m. This enables the discrimination of relatively small ground 



13 
Produced by The Open University of Sri Lanka 

2019 

features. However, through multispectral instruments, i.e. by hyperspectral imaging, 

discrimination of many different land cover types is possible.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7: Instantaneous field of view sensed directly beneath scanner 

(Source: http://www.esa.int/images/08-scanner_large,0.gif) 

 

4.4.2 Thermal Sensing  

A thermal scanner image is a pictorial representation (giving the data on a film/magnetic 

tape) of the detector thermal response of emitted thermal radiation.  
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Figure 4.8: Land surface temperature across France during the recent June heatwave 

taken by Copernicus sentinel-3A (the white is cloud cover and snow over the Alps).  

(Source: https://www.climatechangenews.com/2019/07/18/monitoring-earths-skin-heat-crops-climate/) 

 

The usual convention when looking at the earth’s surface is to have higher radiant 

temperature areas displayed as lighter toned image areas. 

For meteorological purposes, this convention is typically reversed so that clouds, which 

are cooler than the earth’s surface, appear light toned.  

 

A point to be noted is that thermal sensors detect radiation from the surface 

(approximately the first 50 m) of ground objects including water surfaces. This 

radiation may or may not be indicative of the internal bulk temperature of the object. 

A thermal scanner is a kind of across-track multispectral scanner whose detectors only 

sense in the thermal portion of the spectrum. Although the thermal portion of the 

electromagnetic spectrum extends from approximately 3 to 14 m. But due to 

atmospheric effects, (see atmospheric windows) these systems are restricted to 

operating in the 3 to 5 m and/or the 8 to 14 m range of wavelengths. This is possible 

due to the presence of atmospheric windows in these regions. Data are collected in 

around 7 bands within these ranges of wavelength. Quantum or photon detectors are 

used for sensing. These detectors have not that rapid response as in other bands and 

hence the spatial resolution is in general lower.  

 

Thermal scanners became commercially available during the late 1960s. Earlier models 

used only direct film recording for image generation. Newer systems record data 

digitally. In addition, scan line output signals are generally monitored in flight on an 

oscilloscope or some other real-time monitor. Present day systems are capable of 

temperature resolution in the order of 0.1-degree C. However absolute measurements 

need very careful calibration and atmospheric correction. 
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4.4.3 Hyperspectral Sensing 

Hyperspectral sensors (sometimes referred to as imaging spectrometers) are 

instruments that acquire images in many, very narrow, contiguous spectral bands 

throughout the visible, near-IR, mid-IR, and thermal-IR portions of the spectrum. They 

employ across-track or along-track scanning. These systems typically collect 200 or 

more bands of data. This enables the construction of an effectively continuous 

reflectance spectrum for every pixel in the scene (hence the spectral signature). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.9: showing images taken simultaneously in 200 or more spectral bands and the 

wavelength range depicted by the pixels. 

 

If we consider the band width of band 7 of the Landsat TM, this sensor can obtain from a 

data point the integrated response over 7 spectral bands of, say, 0.27 m wide. But a 

hyperspectral sensor is capable of obtaining the response of the same point in many 

bands with ranges in the order of 0.01m. From this we can see that hyperspectral 

sensors can produce data of sufficient spectral resolution for identification of, say 

minerals in an area, amount of water stress of plants, whereas the broader band TM 

cannot resolve these diagnostic spectral differences. 

 

Because of the large number of very narrow bands sampled, hyperspectral data enable 

the use of remote sensing data collection to replace data collection that was formerly 

limited to laboratory testing or expensive ground site surveys. Some application areas of 
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hyperspectral sensing include, determination of surface mineralogy, water quality, soil 

type and erosion, vegetation type, plant stress, leaf water content and canopy 

chemistry, crop type and condition.   

 

Hyperspectral remote sensors or imaging spectrometers measure earth materials and 

produce complete spectral signatures with no wavelength omissions. Such instruments 

are flown aboard only a few space and air-based platforms today. Hand held versions 

also exist and are used for accuracy assessment missions and small-scale investigations, 

and for calibration of remotely sensed data. 

 

4.4.4 Radar Sensing 

The word ‘radar’ is an acronym for ‘radio detection’ and ‘ranging’. 

 

Radar was developed as a means of using radio waves to detect the presence of objects 

and to determine their distance. The process consists of transmitting short bursts or 

pulses of microwave energy in the direction of interest and recording the strength and 

origin of ‘echoes’ or ‘reflections’ received from objects within the system’s field of view.   

     

A radar sensor system is active. That is, the system itself emits the radiation, which is 

used for the remote sensing. Passive sensors on the other hand, are dependent upon 

receiving reflected sunlight or thermal infrared and other emission.   

  

The radar sensor sends pulses of energy down towards the surface of the earth. A very 

small portion of the energy returns as an echo signal. The strength of the returned echo 

will depend on the roughness of the surface and the degree of sloping in relation to the 

radar beam. The time taken for the echo will reveal the distance to the reflecting 

surface. 

 

The emission of radar pulses is energy demanding and this makes substantial demands 

on the power supply of the satellite. This makes the process of obtaining radar imagery 

complicated and expensive. However, the potential, which lies in radar technology, is so 

great that substantial investments are being made in its continued development. 

 

Radar sensoring is long waved and can therefore penetrate the atmosphere effectively. 

It gives the great advantage of being independent of clouds and other kinds of haziness 

in the atmosphere. Light conditions are also irrelevant as the satellite itself emits the 

necessary radiation. This makes radar sensoring possible both at night and in cloudy 
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weather. In contrast, passive satellites are hampered by clouds spreading in the visible 

and infrared (IR) radiation. 

 

Radar sensor systems are used both in aircraft and satellites. Radar images show 

topological details, mainly because they are acquiring data in oblique mode. Also for this 

reason and due to the fact that the distance to each feature point is measured, the 

resulting image is geometrically distorted. For flat areas, this can be easily corrected but 

in hilly terrain a digital terrain model is needed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10:The time delay between the radar echoes received from two different points 

determines their distance in the image. 

(Source: https://earth.esa.int/documents/10174/2052848/c1_image_geometry_full.jpg) 

 

Spacecraft flying in its orbit carries a SAR sensor which points perpendicular to the flight 

direction. 

 

Review Questions   

Answer the questions set out below using the information given in this session. 

 

1. What is meant by a ‘Geostationary’ orbit? Why is it important for weather   

satellites to be in such an orbit? 

2.  What is meant by ‘Solar Synchronous Orbit’? Explain the importance of satellites in 

this orbit, in remote sensing. 

https://earth.esa.int/documents/10174/2052848/c1_image_geometry_full.jpg
https://earth.esa.int/documents/10174/2052848/c1_image_geometry_full.jpg
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3.  Explain the main difference between a multispectral scanner and a thermal    

scanner, indicating their functions and the range of sensing in both types. 

4.  How would you arrive at the spectral signature of a scanned area using multiband 

images? 

5.  What is the main limitation of thermal sensors? 

6.  What is the range of the bands of data collected by each of the following sensors? 

multispectral, thermal and hyperspectral scanners. 

7.  What is the specific function of a hyperspectral scanner? 

8.  Explain how the ground information obtained, is improved using hyperspectral 

scanners. 

9.  Explain why a radar system is termed as ‘Active’. 

10.  What is the specific advantage of using radar over other sensing systems. 

 

Summary 

We have seen the development to satellite images starting from simple photography for 

earth observation. The two satellite orbits that require to be covered in order to obtain a 

full coverage of the earth have been discussed. The different types of scanning and 

imaging methods used for obtaining data have been introduced. 

 

Learning Outcomes 

At the end of this session you will be able to:  

 

➢ identify the sequence, which led to satellite imagery, starting from simple 

photography. 

➢ list two important types of satellite orbits, which are required for obtaining a 

full, image coverage of the Earth 

➢ define ‘spectral resolution’ 

➢ discuss multispectral scanning, thermal scanning and hyperspectral scanning 

and 

➢ describe radar imaging.  
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