
What is remote sensing?

``

``the measurement and recording of electromagnetic energy 
reflected from or emitted by the Earth`s surface and atmosphere 
from a vantage point above the Earth`s surface and the relating 
of such measurements to the nature and distribution of Earth 

surface materials and atmospheric conditions``

Introducción a sensores remotos y SIG
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Proceso de generación de la señal, obtención y análisis
de datos de sensores remotos



1. Origen de la señal, balance 
de energía y reflectancia



Propagación de ondas electromagnéticas,
a la velocidad de la luz C, dada una frecuencia y longitud de onda



Espectro electromagnético



Radiación de cuerpo negro:

Longitud de onda de la radiación máxima:



Distribución espectral 
de la energía irradiada 
por un cuerpo negro a 
diferentes 
temperaturas



Interacción 
entre la 
radiación y la 
atmósfera



Balance de energía



Reflectancia difusa versus especular



Balance de energía

Reflectancia espectral







Aplicación a exploración de 
rocas y minerales



Aplicación de datos de 
interferometría radar



Correcciones atmosféricas



2. Adquisición de datos



Data acquisition
EMR is reflected by, or emitted from, the Earth’s surface

Sensors mounted on satellites collect this data

Two main types of orbit:

1. Low Earth orbit (near-polar orbit)

2.  Geostationary (equatorial orbit)

Choice of orbit influences spatial coverage and repeat interval



Low-Earth orbits
~700-800 km altitude

Near-polar, near-circular orbit

Satellite orbit is fixed in space and 
Earth rotates beneath it

By inclining the orbit at 98.7o the 
satellites are sun-synchronous (same 
illumination conditions)

Cross the equator (N-S) at ~10.30am 
local time

~90 minutes per orbit, ~15 orbits per 
day



Geostationary orbits
35 770 km altitude

24 hours period of orbit; thus 
the satellite ‘floats’ above a 
single point on the Equator

Global coverage with several
geostationary satellites in orbits 

Good for repetitive observations, 
poor spatial resolution

Large distortions at high 
latitudes



Thematic Mapper (TM)
Band

1
2
3
4
5
6
7

Spectral resolution (μm)
0.45-0.52
0.52-0.60
0.63-0.69
0.76-0.90
1.55-1.75

10.40-12.50
2.08-2.35

Pixel size: 30x30 m for bands 1-5, 7
120x120 m for band 6

Radiometric resolution: 8-bit (0-255)

Application
Water penetration
Green vegetation

Chlorophyll absorption 
Infrared vegetation reflectance

Moisture, cloud/snow, rocks
Temperature, soil moisture 

Geology, hydrothermal alteration

Temporal resolution: 16 days

Image size: 185x185 km 



Image data
Our basic data set is just an 
array of numbers, on a 
CD-ROM or tape
There are many ways to 
process this data set to 
highlight different 
information contained 
in the data
The PIXEL is our basic unit 
and corresponds to an area 
of the ground. The image is 
composed of a number of 
pixels with a DN representing 
the amount of EMR reflected 
and/or emitted from the 
corresponding area of 
the Earth’s surface in EACH 
wavelength band



Adquisición y almacenamiento de datos



Almacenamiento de datos 
digitales



Infrared colour aerial photo
from Skåne, Sweden
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Im
age row

s

Zoom 4x

Zoom 4x again



204215200

209213173

187170103

836539

NIR as Red NIR as B/W Intensities as decimal numbers

00100111 01000001 01010011
01100111 10101010 10111011
10101101 11010101 11010001
11001000 11010111 11001100

Intensities as binary numbers stored in the computer



Digital intensity values Data storage size per
Ranges measurement:

0 – 15 4 bit
0 – 63 6 bit
0 – 255 8 bit = 1 byte
0 – 1023 10 bit
0 – 65536 16 bit

0 0 8 1000
1 1 9 1001 
2 10 10 1010 
3 11 11 1011 
4 100 12 1100 
5 101 13 1101 
6 110 14 1110
7 111 15 1111

The first 16 (0-15) numbers in decimal and binary format:

Decimal      Binary                   Decimal     Binary



Ikonos
Cape Town
South Africa

Intensity variations
along a transect



Digital image function

Intensity
(DN)

Intensity
(millivolts)

Analogue image function

x-direction in image x-direction in image

Only certain steps are 
allowed in x as well as 
in the intensity axes

Continuous



3. Visualización de imágenes



Combinación de colores: adición y 
sustracción







Landsat 7, ETM+ instrument

San Francisco
May 14 1999



Blue            Green          Red              NIR            MIR 1        TIR             MIR 2

LANDSAT THEMATIC MAPPER (TM) IMAGE,
7 SPECTRAL BANDS

TM 1 TM 2 TM 3 TM 4 TM 5 TM 6 TM 7

R G B

CHOOSE 3 OUT OF 7

COLOUR
COMPOSITE

Displayed on screen:



Purpose: To extract relevant information
from an image

Levels of decisions in image analysis about objects:

Localize Find something to be investigated.
Identify You know what it is.
Classify Give it a name within your

classification scheme.

Image analysis



Results: Maps
Statistics

Image classification
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Scatterplot band 1 vs band 2



4. Aplicaciones



Environmental remote sensing
Sensors mounted on Earth-orbiting satellites or aeroplanes 
record spatial variations in the amount of electromagnetic 

radiation emitted or reflected by the Earth`s surface at several
different wavelengths

Applications: Meteorology, 
oceanography, geology, agriculture, 
environmental protection,
glaciology.... 



Oceanography
Sea surface temperatures

Coastal bathymetry
El Nino

Phytoplankton 
concentration



Tropical deforestation
Deforestation in Bolivia

1975 1996



Monitoring pollution
Oil spills

Particulate pollution

Thermal pollution



Meteorology
Tracking hurricanes

Weather forecasting



Geology
Volcanology

Lithological mapping

Earthquake hazards



Advantages of remote sensing
Global coverage Synoptic view

CostRepeatability


