
Course on Remote Sensing and GIS notes 

DATA ACQUISITION 

 

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

perpendicular to the direction in which the radiation is traveling, and a magnetic field (M) oriented at 

right angles to the electrical field. Both these fields travel at the speed of light (c). 

 

Two characteristics of electromagnetic radiation are particularly important for understanding remote 

sensing. These are the wavelength and frequency. 

 

An important consequence for remote sensing is that it is more difficult to measure the energy emitted 

in longer wavelengths than in shorter wavelengths. (because longer wavelengths mean less energy) 

 

Electromagnetic spectrum 

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 phenomena of reflection and 

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

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

in particular 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. 

 

Sensors and Platforms 

 

A sensor is a device that measures and records electromagnetic energy. Sensors can be divided into two 

groups: Active sensors and Passive sensors. 

 

Sensor systems need to be placed on suitable observation platforms and lifted to a pre-defined altitude. 

Platforms can be stationary or mobile depending upon the needs of the observation mission and the 

constraints. The sensor-platform combination determines the characteristics of the resulting data. For 

an imaging system, in general, spatial resolution becomes poorer as the platform height increases, but 

the area coverage increases. Thus a trade-off has to be carried out between resolution and synoptic 

view in choosing the platform altitude. Further, the platform’s ability to support the sensor system, in 

terms of weight, volume, power, etc. and the platform stability have to be considered. 

 

Aircraft are mainly useful for surveys of local or limited regional interest. One of the major advantages is 

their ability to be available at a particular location at short notice. Earth observation from a satellite 

platform provides a synoptic view of a large area. Further, it can be made under near constant solar 

zenith angles providing similar illumination conditions. Another major advantage of the satellite is its 

ability to provide repetitive observations of the same area with intervals of a few minutes to a few 



weeks depending on the sensor and the orbit. If the satellite is in the geostationary orbit, it can have a 

constant view of a particular part of the earth. 

 

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 on the order 

of picometers (pm). Because of large atmospheric absorption of these waves, this type of energy can 

only be measured up to a few hundred meters above the Earth’s surface. 

 

Aerial Camera 

The (digital) camera system, lens and film (or CCD), 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 be 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 be 

stored in and processed by digital systems. A recent development is the use of digital cameras, which 

bypass the use of film and directly deliver digital image data. 

 

Multispectral scanner 

An instrument is a measuring device for determining the present value of a quantity under observation. 

A scanner is an instrument that obtains observations in a point-by-point and line-by-line manner. In this 

way, a scanner fundamentally differs from an aerial camera, which records an entire image in only 

one exposure. The multispectral scanner is an instrument that measures the reflected sunlight 

in the visible and infrared spectrum. A sensor systematically scans the Earth’s surface, thereby 

measuring the energy reflected by the viewed area. This is done simultaneously for several wavelength 

bands, hence the name multispectral scanner. A wavelength band or spectral band is an interval of the 

electromagnetic spectrum for which the average reflected energy is measured. Typically, a number of 

distinct wavelength bands are recorded, because these bands are related to specific characteristics of 

the Earth’s surface. For example, reflection characteristics in the range of 2 μm to 2.5 μm (for instance, 

Landsat TM band 7) may give information about the mineral composition of the soil, whereas the 

combined reflection characteristics of the red and near infrared bands may tell something about 

vegetation, such as biomass and health. The definition of the wavebands of a scanner, therefore, 

depends on the applications for which the sensor has been designed.  

 

Imaging spectrometer or hyperspectral imager 

The principle of the imaging spectrometer is similar to that of the multispectral scanner, except that 

spectrometers measure many (64–256), very narrow (5 nm to 10 nm) spectral bands. This results in an 

almost continuous reflectance curve per pixel rather than the limited number values for relatively broad 

spectral bands of the multispectral scanner. The spectral curves depend on the chemical composition 

and microscopic structure of the measured material. Imaging spectrometer data, therefore, can be used, 

for instance, to determine the mineral composition of the Earth’s surface, the chlorophyll content of 

surface water, or the total suspended matter concentration of surface water 



 

Thermal scanner 

Thermal scanners measure thermal data in the range of 8 μm to 14 μm. Wavelengths in this range are 

directly related to an object’s temperature. For instance, data on cloud, land and sea surface 

temperature are indispensable 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 on agricultural crops (water stress), and to monitor the temperature of cooling 

water discharged from thermal power plants. Another application is in the detection of underground 

coal fires  

 

Microwave radiometer 

Long wavelength EM energy (1 cm to 100 cm) is emitted from the objects on, or just below, the Earth’s 

surface. Every object with a temperature above the absolute temperature of zero Kelvin emits radiation, 

called the blackbody radiation. Natural materials may emit radiation that is somewhat lower than the 

ideal case of a blackbody, which is demonstrated by an emissivity smaller than 1˙A microwave 

radiometer records this emitted radiation of objects. The depth from which this emitted energy can be 

recorded depends on the properties of the specific material, such as the water content. The recorded 

signal is called the brightness temperature. The physical surface temperature can be calculated from the 

brightness temperature, but then the emissivity must be known. With an emissivity of 98% to 99% water 

behaves almost like a blackbody, while land features may show varying emissivity numbers. 

Furthermore, the emissivity of materials may vary with changing conditions. For instance, a wet soil may 

have a considerable higher emissivity than a dry soil. Because blackbody radiation is weak, the energy 

must be measured over relatively large areas, and consequently passive microwave radiometers are 

characterized by a low spatial resolution. Passive microwave radiometer data can be used in mineral 

exploration, soil mapping, soil moisture estimation, and snow and ice detection. 

 

Active sensors 

Laser scanner 

A very interesting active sensor system, similar in some respects to radar, is lidar (light detection and 

ranging). A lidar transmits coherent laser light, at a certain visible or near-infrared wavelength, as a 

series of pulses (thousands per second) to the surface, from which some of the light reflects. Travel time 

for the round-trip and the returned intensity of the reflected pulses are the measured parameters. Lidar 

instruments can be operated as profilers and as scanners on airborne and spaceborne platforms, day 

and night. Lidar can serve either as a ranging device to determine altitudes and measure speeds, or as a 

particle analyser for air. Light penetrates certain targets, which makes it possible to use it for assessing 

tree height (biomass) and canopy conditions, or for measuring depths of shallow waters such as tidal 

flats. Laser scanners are typically mounted on aircraft or helicopters and use a laser beam to measure 

the distance from the sensor to points located on the ground. This distance measurement is then 

combined with exact information on the sensors’s position, using a satellite position system and an 

inertial navigation system (INS), to calculate the terrain elevation. Laser scanning produces detailed, 

high-resolution, Digital Terrain Models (DTM) for topographic mapping. Laser scanning can also be used 

for the production of detailed 3D models of city buildings. Portable ground-based laser scanners can be 

used for oblique and transverse measurements.  

 

Imaging radar 

Radar (radio detection and ranging) instruments operate in the 1 cm to 100 cm wavelength range. 

Different wavelength bands are related to particular characteristics of the Earth’s surface. The radar 

backscatter is influenced by the emitted signal and the illuminated surface characteristics. Since radar is 



an active sensor system and the applied wavelengths are able to penetrate clouds, it can acquire images 

day and night and under all weather conditions, although the images may be affected somewhat by 

heavy rainfall. The combination of two stereo radar images of the same area can provide information 

about terrain heights (radargrammetry). Similarly, SAR Interferometry (INSAR) combines two radar 

images acquired at almost the same locations. These images are acquired either at different moments or 

at the same moment using two systems on either end of a long boom, and can be used to assess 

changes in height or vertical deformations with great precision (5 cm or better). Such vertical motions 

may be caused by oil and gas exploitation (land subsidence), or crustal deformation related to 

earthquakes. 

 

Radar altimeter 

Radar altimeters are used to measure the topographic profile parallel to the satellite orbit. They provide 

profiles, i.e. single lines of measurements, rather than image data. Radar altimeters operate in the 1 cm 

to 6 cm wavelength range and are able to determine height with a precision of 2 cm to 5 cm. Radar 

altimeters are useful for measuring relatively smooth surfaces such as oceans and for small scale 

mapping of continental terrain models.  

 

Platforms 

Imaging in remote sensing can be carried out from both satellite and aircraft platforms. In many ways 

their sensors have similar characteristics although differences in their altitude and stability can lead to 

very different image properties. There are essentially two broad classes of satellite program: those 

satellites that sit at geostationary altitudes above the earth’s surface and which are generally associated 

with weather and climate studies, and those which orbit much closer to the earth’s surface and that are 

generally used for earth surface and oceanographic observations. Usually, the low earth orbiting 

satellites are in a sun-synchronous orbit, in that their orbital plane precesses around the earth at the 

same rate that the sun appears to move across the earth’s surface. In this manner the satellite acquires 

data at about the same local time on each orbit. Low earth orbiting satellites can also be used for 

meteorological studies. Notwithstanding the differences in altitude, the wavebands used for the 

geostationary and the low earth orbiting satellites, and for weather and earth observation satellites, are 

very comparable. The major distinction in the image data they provide generally lies in the spatial 

resolutions available. Whereas data acquired for earth resources purposes generally has pixel sizes of 

less than 100 m, that used for meteorological purposes (both at geostationary and lower altitudes) has a 

much coarser pixel, often of the order of 1 km. 

 

Remote sensing instruments can be placed on a variety of platforms to view and image targets. 

Although ground-based and aircraft platforms may be used, satellites provide a great deal of the remote 

sensing imagery commonly used today. Satellites have several unique characteristics which make them 

particularly useful for remote sensing of the Earth's surface. 

 

The path followed by a satellite is referred to as its orbit. Orbit selection can vary in terms of altitude 

(their height above the Earth's surface) and their orientation and rotation relative to the Earth. Many 

remote sensing platforms are designed to follow an orbit (basically north-south) which, in conjunction 

with the Earth's rotation (west-east), allows them to cover most of the Earth's surface over a certain 

period of time. These are near polar orbits. Many of these satellite orbits are also sun-synchronous such 

that they cover each area of the world at a constant local time of day called local sun time. At any given 

latitude, the position of the sun in the sky as the satellite passes overhead will be the same within the 

same season. This ensures consistent illumination conditions when acquiring images in a specific season 

over successive years, or over a particular area over a series of days. This is an important factor for 



monitoring changes between images or for mosaicking adjacent images together, as they do not have to 

be corrected for different illumination conditions. 

Most of the remote sensing satellite platforms today are in near-polar orbits, which means that the 

satellite travels northwards on one side of the Earth and then toward the southern pole on the second 

half of its orbit. These are called ascending and descending passes, respectively. If the orbit is also sun 

synchronous, the ascending pass is most likely on the shadowed side of the Earth while the descending 

pass is on the sunlit side. Sensors recording reflected solar energy only image the surface on a 

descending pass, when solar illumination is available. Active sensors which provide their own 

illumination or passive sensors that record emitted (e.g. thermal) radiation can also image the surface 

on ascending. 

 

As a satellite revolves around the Earth, the sensor "sees" a certain portion of the Earth's surface. The 

area imaged on the surface, is referred to as the swath. Imaging swaths for spaceborne sensors 

generally vary between tens and hundreds of kilometres wide. As the satellite orbits the Earth from pole 

to pole, its east-west position wouldn't change if the Earth didn't rotate. However, as seen from the 

Earth, it seems that the satellite is shifting westward because the Earth is rotating (from west to east) 

beneath it. This apparent movement allows the satellite swath to cover a new area with each 

consecutive pass. The satellite's orbit and the rotation of the Earth work together to allow complete 

coverage of the Earth's surface, after it has completed one complete cycle of orbits.  

 

Basics 

The detail discernible in an image is dependent on the spatial resolution of the sensor and refers to the 

size of the smallest possible feature that can be detected. Spatial resolution of passive sensors depends 

primarily on their Instantaneous Field of View (IFOV). The IFOV is the angular cone of visibility of the 

sensor and determines the area on the Earth's surface which is "seen" from a given altitude at one 

particular moment in time. The size of the area viewed is determined by multiplying the IFOV by the 

distance from the ground to the sensor. This area on the ground is called the resolution cell and 

determines a sensor's maximum spatial resolution. For a homogeneous feature to be detected, its size 

generally has to be equal to or larger than the resolution cell. If the feature is smaller than this, it may 

not be detectable as the average brightness of all features in that resolution cell will be recorded. 

However, smaller features may sometimes be detectable if their reflectance dominates within a 

particular resolution cell allowing sub-pixel or resolution cell detection.   

The theoretical limit of resolving two objects by an imaging system, say lens, is due to diffraction (the 

phenomenon of electromagnetic radiation (EMR) ‘bending’ at the edge of an object) of EMR around its 

aperture. In the absence of any aberration, one expects the lens to image a point object as a point in the 

image plane. However, this does not happen due to diffraction. Thus the image of a point object at 

infinity produced by an imaging system will consist of a bright disc surrounded by concentric bright and 

dark rings. The diameter of the first minima is 2.44(lambda/D)f, where D is the aperture of lens, f the 

focal length and lambda the wavelength of observation. 

 

Images where only large features are visible are said to have coarse or low resolution. In fine or high 

resolution images, small objects can be detected. 

 

When electronic sensors using discrete detectors are used for generating imagery (almost all sensors are 

digital today), spatial resolution is used to denote the projection of the detector element on to the 

ground through optics. Thus when one speaks of the 5.8m resolution of IRS 1C/1D PAN camera, it only 

means that the projection of one CCD element on the ground through the imaging optics from the 

satellite orbit is 5.8 meters – (that is the ‘footprint’ of the detector element on the ground, which is also 



referred to as resolution element). In terms of angular measurement, it is referred to as the 

‘Instantaneous field of view’ (IFOV). It is also known as instantaneous geometric field of view. 

If ‘d’ is the dimension of the detector element and ‘f’ the focal length of the imaging system, d/f gives 

IFOV in radians. The advantage of using IFOV, is that it characterizes the sensor, irrespective of the 

altitude from which the image is taken. The information within an IFOV, is represented by a picture 

element in the image plane usually referred to as ‘pixel’. The field of view (FOV), is the total view angle 

of the camera, which defines the swath. 

 

Every time an image is acquired on film or by a sensor, its sensitivity to the magnitude of the 

electromagnetic energy determines the radiometric resolution. The radiometric resolution of an imaging 

system describes its ability to discriminate very slight differences in energy The finer the radiometric 

resolution of a sensor, the more sensitive it is to detecting small differences in reflected or emitted 

energy.  

 

Spectral resolution describes the ability of a sensor to define fine wavelength intervals. The finer the 

spectral resolution, the narrower the wavelength range for a particular channel or band. EO-1 Sensor 

Hyperion is a hyperspectral sensor which offers data in 220 spectral bands. EO-1/ Hyperion offer the 

highest available spectral resolution in the field of satellite-borne RS systems. 

 

Revisit period refers to the length of time it takes for a satellite to complete one entire orbit cycle. The 

revisit period of a satellite sensor is usually several days. Therefore the absolute temporal resolution of a 

remote sensing system to image the exact same area at the same viewing angle a second time is equal 

to this period. However, because of some degree of overlap in the imaging swaths of adjacent orbits for 

most satellites and the increase in this overlap with increasing latitude, some areas of the Earth tend to 

be re-imaged more frequently. Also, some satellite systems are able to point their sensors to image the 

same area between different satellite passes separated by periods from one to five days. Thus, the 

actual temporal resolution of a sensor depends on a variety of factors, including the satellite/sensor 

capabilities, the swath overlap, and latitude.  

 

Unfortunately, because of technical constraints, satellite RS systems can only offer the following 

relationship between spatial and spectral resolution: a high spatial resolution is associated with a low 

spectral resolution and vice versa. That means that a system with a high spectral resolution can only 

offer a medium or low spatial resolution. Therefore, it is either necessary to find compromises between 

the different resolutions according to the individual application or to utilize alternative methods of data 

acquisition. 

 

Colour and false colour (colour infrared, CIR) photography involves the use of a three layer film with 

each layer sensitive to different ranges of light. For a normal colour photograph, the layers are sensitive 

to blue, green, and red light - the same as our eyes. These photos appear to us the same way that our 

eyes see the environment, as the colours resemble those which would appear to us as "normal" (i.e. 

trees appear green, etc.). In colour infrared (CIR) photography, the three emulsion layers are sensitive to 

green, red, and the photographic portion of near-infrared radiation, which are processed to appear as 

blue, green, and red, respectively.  

 

Use of digital numbers (DNs) facilitates the design of instruments and data communications and the 

visual display of image data. For visual comparison of different scenes, or analyses that examine relative 

brightnesses, use of DNs is satisfactory. However, because a DN from one scene does not represent the 

same brightness as the same DN from another scene, DNs are not comparable from scene to scene if an 



analysis must examine actual scene brightnesses for purposes that require use of original physical units. 

For such purposes, it is necessary to convert the DNs to the original radiances. This process requires the 

knowledge of calibration data specific to each instrument.  

To ensure that a given sensor provides an accurate measurement of brightness, it must be calibrated 

against targets of known brightness.  The sensitivities of electronic sensors tend to drift over time, so to 

maintain their accuracy it is necessary to recalibrate them. Sensors on board satellite are designed for 

automatic calibration. 

 

Data formats 

Digital image analysis is usually conducted using raster data structures in which each image is treated as 

a matrix of values. Additional spectral channels form additional arrays that register to one another. Each 

pixel is treated as a separate unit, which can always be located within the image by its row and column 

coordinates. In most remote sensing analysis, coordinates originate in the upper left hand corner of an 

image and are referred to as rows and columns, or as lines and pixels, to measure position down and to 

the right, respectively. 

 

Data is mostly organized as BIP, BIL or BSQ. For the explanations below, consider an image consisting of 

four spectral channels. 

BIP (Band interleaved by pixel) 

Data are organized as 

Line1,pixel1,band1 

Line1,pixel1,band2 

Line1,pixel1,band3 

Line1,pixel1,band4 

Line1,pixel2,band1 

Line1,pixel2,band2 

……………………………. 

……………………………. 

Any given pixel, once located within the data, is found with values for all four bands in sequence one 

directly after the other. 

 

BIL (Band interleaved by line) 

In sequence the analyst finds  

Line1 for band1 

Line1 for band2 

Line1 for band3 

Line1 for band4 

Line2 for band1 

Line2 for band2 

……………………… 

……………………… 

 

BSQ (Band sequential) 

All data for band1 are written in sequence, followed by all data for band2, and so on. 

 

BSQ, BIL, and BIP represent ways of storing 24-bit images in memory or on disk. The initials stand for 

band-sequential, band-interleaved-by-line, and band-interleaved-by-pixel, respectively. These image 



formats are also sometimes called "band-interleaved", "row-interleaved", and "pixel-interleaved", 

respectively. 

Twenty-four bit images always have 3 "bands", which represent the red, green, and blue image planes. 

But the "3" in the image dimension can come in different positions. The table below shows you the 

dimensions of the image, and the different nomenclature. Note that the dimension M is the column 

dimension. This is sometimes called the number of samples in the image. The dimension N is the row 

dimension, and is sometimes called the number of lines in the image. The dimension 3 is equivalent to 

the number of bands in the image, and is always three in a 24-bit image. In multi-spectral or hyper-

spectral image “cubes” the dimension can be any number at all. 

Image Dimensions  Abbreviation  Alternative Name  

M-N-3  BSQ  Band-Sequential or Band-Interleaved  

3-M-N  BIP  Band-Interleaved-by-Pixel or Pixel-Interleaved  

M-3-N  BIL  Band-Interleaved-by-Line or Row-Interleaved  

Images are stored in one format or another to ease image manipulations. For example, the BSQ (band-

sequential) format is optimal for accessing the image spatial information (XY) or color band information. 

The BIP (band-interleaved-by-pixel) format is optimal for accessing the image spectral (Z) information. 

The BIL (band-interleaved-by-line) format is a compromise format, for the most part, allowing fairly easy 

access to both spatial and spectral information. 

 

 

 

Data selection criteria 

1. Spatio-temporal characteristics 

For the selection of the appropriate data type it is necessary to fully understand the information 

requirements for a specific application. Therefore, you have to analyse the spatio-temporal 

characteristics of the phenomena under investigation. For example, a different type of image data is 

required for topographic mapping of an urban area than for studying changing global weather patterns. 

In the case of urban area mapping, because cities contain much spatial detail, a spatial resolution of 10 

cm may be required. Aerial photography and airborne digital scanners can fulfill this requirement. 

Another consideration in your data selection process is the third dimension, i.e. the height or elevation 

component. Stereo images or interferometric radar data can provide height information. The time of 

image acquisition should also be given thought. In aerial photography, a low Sun angle causes long 

shadows due to elevated buildings, which may obscure features that we are interested in. To avoid long 

shadows, the aerial photographs could be taken around noon. Also the type and the amount of cloud 

cover plays a role, and under certain conditions no images can be taken at all. Persistent cloud cover 

may be the reason for lack of image data in areas of the tropical belt. The use of radar satellites 

may be a solution to this problem. Yet another issue is seasonal cycles. In countries with a temperate 

climate, deciduous trees bear no leafs in the winter and early spring, and therefore images 

taken during this time of year allow the best view on the infrastructure. However, during the winter the 

Sun angle may be too low to take good images, because of long shadows.  

 

Availability and cost of image data 

Once the image data requirements have been determined, you have to investigate their availability and 

costs. The availability depends on data that were already acquired and stored in archives, or data that 



need to be acquired at your request. The size and accessibility of image archives is growing at an ever 

faster rate. If up-to-date data are required, these need to be requested through an aerial survey 

company or from a remote sensing data distributor. 


