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1 Introduction

Remote sensing is applied in many fields including, among others, architecture, archaeology, medicine, industrial quality control, robotics and extraterrestrial mapping. This Module, however, focuses on Earth observation from airborne or spaceborne platforms. 
This Unit gives a non-expert audience an introduction to remote sensing. Aerial photos and satellite imagery are introduced by explaining the technical process of obtaining images usable for participatory mapping. The focus is on satellite imagery although insights on aerial photography are provided as well. This document concludes by listing and commenting on some of the most common satellites (platforms) used as sources of remote sensing images and the characteristics of their imagery. 
2 What is Remote Sensing?
Remote sensing (RS) has been defined in many different ways. It is the art, science and technology of observing an object, scene or phenomenon by instrument-based techniques. ”Remote” refers to the fact that observation is done at a distance without physical contact with the object of interest. RS is, in fact, the recording of energy which is emitted or reflected from an object or a scene. The energy can be light or another form of electromagnetic radiation, force fields or acoustic energy. An example of a remote sensor is a conventional camera. Light reflected from an object passes through the lens and the light sensitive film detects it. At the moment of exposure, a latent image is recorded. Developing and fixing the film in the photo lab generates a definite record, the photograph. This image is then subject to interpretation. 
Today most remote sensors are electronic devices. The data are recorded by such sensors (e.g., a scanner detects thermal emission (heat), which is converted into images for visual interpretation). Accordingly, the record produced by an electronic sensor is still referred to as a (remote sensing) image. In this Module, aerial photographs and satellite imagery are both considered to be a type of remote sensing image.
RS is applied in many fields including, among others, architecture, archaeology, medicine, industrial quality control, robotics and extraterrestrial mapping. This Module focuses on Earth observation from airborne or spaceborne platforms. The term “geospatial data acquisition” (GDA) is used when limiting the spatial interest of RS to objects that can be located on the surface of the Earth. The outcome of GDA is not simply an image obtained by converting sensor recordings, but rather it is data from the sensor which have been adequately processed or interpreted.
The processing, interpretation and validation of remote sensing images require knowledge about the sensing process and yield data readily suited for analysis, e.g. in a geographic information system (GIS). Typical products derived from geospatial data include orthophoto maps, “satellite image maps”, topographic maps, thematic maps (e.g. land-use maps) and land-use change statistics. 
3 Introduction to Aerial Photograpy

Aerial photographs have been used since the early twentieth century to provide geospatial data for a wide range of applications. Photography is the process or art of producing images by light on a sensitive surface. Taking and using photographs is the oldest, yet most commonly applied remote sensing technique. Photogrammetry is the science and technique of making measurements on photos and converting these to quantities which are meaningful on the surface of the Earth. 
Aerial film cameras are typically mounted in an aircraft and sometimes on kites or balloons. Aerial photos and their digital variant obtained by digital cameras are today the prime data source for medium- to large-scale topographic mapping, many cadastral surveys, civil engineering projects and urban planning. Aerial photographs are also a useful source of information for foresters, ecologists, soil scientists, geologists and many others. 
Photographic film is a mature medium and aerial survey cameras using film have reached operational maturity over the course of many years; hence, new significant developments cannot be expected. Owners of aerial film cameras will continue to use them as long as Agfa and Kodak continue to produce film at affordable prices.

Two broad categories of aerial photographs can be distinguished: ”vertical” and ”oblique” photographs (see Figure 1 and Figure 2). In most mapping applications, vertical aerial photographs are required. A vertical aerial photograph is produced with a camera mounted in the floor of an aircraft. The resulting image is similar to a map. A vertical photo has a scale that is approximately constant throughout the image area. Vertical aerial photographs to be used for mapping purposes are usually taken such that they overlap in the flight direction by at least 60 percent. Two successive photos can form a stereo pair, thus enabling 3D vision and measurements.
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Figure 1. Vertical (a) and oblique (b) photography 
(a) [image: image2.emf] 
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Figure 2. Vertical (a) and oblique (b) photography

Oblique photographs are obtained when the axis of the camera is not vertical. They can also be made using a hand-held camera and shooting through the open window of an aircraft. The scale of an oblique photo varies from the foreground to the background. This scale variation complicates the measurement of positions from the image and, for this reason, oblique photographs are rarely used for mapping purposes. Nevertheless, oblique images can be useful for purposes such as viewing sides of buildings.
4 Introduction to Satellite Imagery

RS is based on detecting electromagnetic (EM) energy. EM radiation can be modelled either by waves or by a stream of energy bearing particles called photons. One property of EM waves that is particularly important in understanding RS is the wavelength, defined as the distance between successive wave crests measured in micrometres (μm, 10-6 m) or nanometres (nm, 10-9 m). The frequency is the number of cycles of a wave passing a fixed point in space in a second; it is measured in hertz (Hz). Since the speed of light is constant, wavelength and frequency are inversely related to each other: the shorter the wavelength, the higher the frequency and vice versa (Figure 3). 

[image: image4]
Figure 3. Relationship between wavelength, frequency and energy 
All matter with a temperature above absolute zero (0 K) emits EM energy. Matter that is capable of absorbing and re-emitting all EM energy received is known as a black-body. All matter with a certain temperature emits radiant energy of various wavelengths depending on its temperature. The total range of wavelengths is commonly referred to as the electromagnetic spectrum (Figure 4). Visible light, which can be detected by the human eye, covers only a very small part of this spectrum. The amount of energy detected by a remote sensor is a function of the interactions at the Earth’s surface and the energy interactions in the atmosphere. 
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Figure 4. The electromagnetic spectrum
The interactions of the Sun’s energy with physical materials, both in the atmosphere and at the Earth’s surface, cause this energy to be absorbed, scattered, transmitted and reflected. The most efficient absorbers of solar energy in the atmosphere are ozone molecules, water vapour and carbon dioxide. Atmospheric scattering occurs when the particles or gaseous molecules present in the atmosphere interact with the EM radiation and cause it to be redirected from its original path (Figure 5).
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Figure 5. Energy interactions in the atmosphere and at the surface

All types of scattering are disturbing to RS of land and water surfaces. When solar energy reaches the Earth’s surface, three fundamental energy interactions are possible: absorption, transmission and reflectance. 
Specular reflection occurs when a surface is smooth and the incident energy is directed away from the surface in a single direction. Diffuse reflection occurs when the surface is rough and the energy is reflected almost uniformly in all directions. The spectral property of a material’s reflection is presented by a reflectance curve. 
In Earth observation, sensed radiation of wavelengths up to 3 μm is predominately reflected solar energy, while infrared radiation above 3 μm can be mainly attributed to emitted energy, namely terrestrial heat. 
Because reflected EM energy follows the laws of optics (e.g. reflection, refraction, transmitting and focusing of rays by lenses or mirrors), sensors operating in this range are often referred to as optical remote sensors. 
Active and passive sensors are used for GDA. Passive sensors depend on an external source of energy; in particular the Sun. Active sensors have their own source of energy. The remote sensors discussed in this Module are passive imaging sensors. They record intensity levels, which correspond to radiances of reflected or emitted EM energy of the target area. 
In technical terms, an electronic sensor “measures intensity” by detecting photons and then converting those to electrons and the collected charge to an electrical signal. The analogue electrical signal is sampled and converted to a digital number (DN). Most common today is storing a DN in 8 bits, which implies a possible DN range from 0 to 255 (Figure 6). Remote sensors measure in discrete spectral bands; those measuring in many narrow bands are said to have high spectral resolution. 
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Figure 6. From reality, to image, to digital number (DN)

A digital image is normally displayed using a grey scale. A digital image can be raw data as obtained by a panchromatic camera, data as obtained by scanning a black and white photograph or a single band of a multi-band image. A pixel having the value zero is shown as black, and a pixel having the value 255 is shown as white. Any DN in between becomes some shade of grey. 

An alternative way to display single-band data is to use a colour scale to obtain a ”pseudo-colour” image. Colours can be assigned (ranging from blue via cyan, green and yellow to red) to different portions of the DN range from 0 to 255. The use of pseudo-colour is especially useful for displaying data that are not reflection measurements. With thermal infrared data, for example, the association of cold versus warm with blue versus red is more intuitive than with dark versus bright.
Sometimes a true colour composite is made, where the RGB channels relate to the red, green and blue wavelength bands of a camera or multispectral scanner. Another popular choice is to link RGB to the near-infrared, red and green bands respectively to obtain a false colour composite (Figure 7). 
The results look similar to colour infrared photographs. The three layers of a colour IR (Infrared) film are sensitive to the NIR (Near Infrared), R (Red) and G ((Green) parts of the spectrum and made visible as R, G and B (Blue) respectively in the printed photo. The most striking characteristic of false colour composites is that vegetation appears in a red-purple colour. In the visible part of the spectrum, plants reflect mostly green light, but their infrared reflection is even higher. Therefore, vegetation displays in a false colour composite as a combination of some blue and a lot of red, resulting in a reddish tint of purple. 

[image: image8.emf]
Figure 7. Landsat-5 TM false colour composite of Enschede, the Netherlands. Three colour composites are shown: true (natural) colour, pseudo-natural colour and false colour composite.
Depending on the application, band combinations other than true or false colour may be used. Land-use categories can often be distinguished quite well by assigning a combination of bands. Bands represent different wavelengths (colour of light) and each colour that can be detected by a sensor is assigned a number. The most used bands in satellite imagery are bands 1 (blue), 2 (green), 3 (red) – all three in the visible spectrum. In addition, very often one or two infrared wavelengths are detected: 4 (Near Infrared, NIR) and 5 (Infrared, IR). 
Although more wavelengths are detected by sensors, these five are the most useful for participatory mapping. Because the human eye can only combine three colour wavelengths, the information captured by a satellite is represented by a combination of the available bands. 
Vegetation reflects light very well in the infrared spectrum. Band combinations to discern vegetation could then look like, for example, 5–4–3 or 4–5–3 when acquired by a Landsat satellite. Combinations that display NIR as green show vegetation in a green colour and are therefore often called pseudo-natural colour composites (Figure 7). 
It must be mentioned that there is no common consensus on the naming of certain composites (e.g. ”true” may also be referred to as ”natural”, ”false colour” may also be used for band combinations other than green, red and NIR, etc.). 
Using false or pseudo colour composites requires some getting used to, especially when using such images with people who are unaccustomed to working with any type of images. Specific band combinations are used for specific purposes. For participatory mapping, it is most useful to use true colour or pseudo-natural colour composites to aide the untrained eye.
5 Overview of popular spaceborne sensors 
This section characterises major spaceborne Earth observation systems and indicates their applications. The systems listed are those of higher spatial resolution which are the relevant platforms and sensors for participatory mapping. Several space agencies/consortia launch new versions of their satellite-sensor combination in regular intervals (e.g. Meteosat, NOAA, Landsat, SPOT). New versions are likely to be enhanced in one way or another, but they remain similar in the choice of orbit, type of instruments and spectral bands in order to guarantee data continuity. 
Landsat

The data are used for many applications: land-cover mapping, land-use mapping, soil mapping, geological mapping, sea-surface temperature mapping, monitoring deforestation, desertification, urbanisation, etc. Landsat data are preferred for land-cover and land-use mapping over SPOT multispectral data, because of the inclusion of middle infrared bands. Landsat is the only non-meteorological satellite that has a thermal infrared band. Thermal data are required to study energy processes at the Earth’s surface, such as the crop temperature variability within irrigated areas due to differences in soil moisture. The best spatial resolution obtained from Landsat images is currently around 30 m. This is in most cases not enough to identify features such as individual houses or small fields. For those purposes, other platforms/sensors are more suitable.
Terra

The Terra satellite has five RS instruments on board for different purposes. Terra also has been revolutionary in terms of providing data. Using the Internet, it is easy to browse, purchase and download images. The data are distributed worldwide at the costs of reproduction. The ASTER is a complex instrument, consisting of many sensors, including the capability to generate stereo images. The ASTER images are an excellent substitute for commercial Landsat images because they offer more bands, a better spatial resolution (15m) and a low price. The combination of low price (US$40 to US$200 per image) and relatively high resolution of these images makes them very interesting for participatory (land-cover) mapping.
SPOT

The first SPOT was revolutionary to topographic mapping because of its unprecedented spatial resolution (10m) combined with its capability to obtain stereo images. Its stereo images are of much higher spatial resolution than Terra ASTER (2.5 m panchromatic and 15 m respectively). SPOT – like Landsat and ASTER – serves a wide range of applications, particularly towards those requiring a higher spatial resolution such as, for example, maritime surveillance or medium-scale topographic mapping. SPOT data is on the whole rather expensive, however, and therefore only older images can be obtained cheaply for participatory mapping purposes.
ISRO

The Resourcesat-1 from the Indian Space Research Organisation produces multi-band images in the visible and NIR range. The satellite serves regional vegetation mapping and applications similar to those of Landsat. With its high spatial resolution (2.5 m), it compares to SPOT, but its image quality used to be lower, according to comparative investigations in 2007. 
IKONOS, QuickBird and WorldView
IKONOS was the first entirely commercial “very high resolution satellite”, following up the SPOT concept. IKONOS (the name comes from the Greek word for image) was also the first satellite not providing the RS community with raw data, but only with different levels of geometrically processed data, with the aim to extend the buyer market to business and tourism. In 2000, panchromatic images with a spatial resolution of 1 m were unprecedented. 
One of the first tasks of IKONOS was acquiring images of all major United States cities. IKONOS data can be used for topographic mapping, typically up to scale 1:10,000, and updating data held in topographic databases. Another interesting application is ”precision agriculture”; this is reflected in the multispectral band setting, which includes an NIR band. Regular updates of the “field situation” can help farmers optimise the use of fertilisers and herbicides. 
The older QuickBird (launched in 2001) and the recent WorldView are operated by DigitalGlobe, a United States company. QuickBird images, with a spatial resolution of 0.6 m for panchromatic images and 2.4 m for multi-band images, represent in 2008 the highest resolution images from satellites. WorldView-1 only produces panchromatic images, with a nominal spatial resolution of 0.5m. WorldView-2 will have eight or nine multispectral bands with a spatial resolution of 1.8 m. Typical applications are mapping, agricultural and urban planning and military surveillance. 
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� The text in this handout has been adopted from: Tempfli, K., Kerle, N., Janssen, L.F., and Huurneman, G. (eds.), 2008, “Principles of Remote Sensing”, Fourth edition ISBN 90–6164–227–2, ITC, Enschede, The Netherlands.
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