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List of key concepts 

× Definition of remote sensing, and why we us it 
× Different types of remote sensing platforms and their advantages/disadvantages 
× Active vs. passive remote sensing. Imaging vs. non-imaging 
× Polarization 
× Frequency, wavelength  
× Different regions of the Electromagnetic Spectrum (UV, visible, Infrared, microwave,  radar) 
× Emissivity, blackbody,  and gray body 
× wŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŜƳƛǘǘŜŘ ŜƴŜǊƎȅΣ ǘŜƳǇŜǊŀǘǳǊŜΣ ŀƴŘ ǿŀǾŜƭŜƴƎǘƘ όtƭŀƴŎƪΩǎ ŦǳƴŎǘƛƻƴΣ  
     and Stefan-.ƻƭǘȊƳŀƴΩǎ law) 
× Relationship between peak wavelength and temperature (²ŜƛƴΩǎ Displacement Law) 
× Interactions of EMR with matter 
× Albedo, reflection, emission, transmission, scattering, specular, diffuse 
× Extinction and attenuation 
× Atmospheric window and absorption bands 
× Spectral signatures 
× Types of scattering (Mie, Rayleigh, Non-selective), their similarities and differences, the 
     associated relationships between particles and wavelengths 
× Types of orbits (geostationary, geosynchronous, sun-synchronous, molniya), their relative 
     velocities, and their approximate altitudes 
× Focal plane, focal length 
 



List of key concepts 

× How we use films, detectors and filters to customize our observations 
× Panchromatic, infra-red, and color film 
× Panchromatic vs. multi-spectral remote sensing 
× Additive colors (primary, complementary, and how they mix) 
× Four Different types of resolution and the things that control them 
× Different characteristics of remote sensing in the different parts of the spectrum, such as 
     spatial resolution, ability to penetrate the atmosphere, ability to penetrate a surface 
× Types of scanning (whiskbroom, pushbroom, conical), and different characteristics of each 
× Characteristics of passive microwave 
× Basic concept of Synthetic Aperture Radar (SAR) and how it achieves high resolution 
× What controls the amount of backscattered radar energy 
× Slant-range distortion, layover, foreshortening, shadowing 
× Sensors and satellites that work in different parts of the spectrum (e.g. Landsat (TM, ETM+,  
     MSS), AVHRR, SSM/I, GOES, ATSR, Radarsat). 
× Spatial, temporal, spectral and radiometric resolution of different sensors (including 
     commercial satellites) 
× Basic idea of scatterometry 
× Why we use multiple channels or multiple viewing angles to determine surface   
     temperature 
× Various applications of different sensor channels (i.e. what part of the spectrum we use 
for what applications, and what instruments operate in these regions)? 



Short definition of Remote Sensing 

ÅRemote sensing is the collection of 
information about an object or system 
without coming into direct physical contact 
with it 
 

ÅThat information is nearly always carried by 
electromagnetic radiation (EMR) 



Why do we do remote sensing? 
 

 

ÅUnobtrusive  

ÅAutomated  

ÅUseful for extreme conditions  

ÅOffers excellent spatial and temporal coverage  

ÅExtends our senses  

ÅNear Real-time  

ÅNo ñPoliticalò Boundary  

ÅOften cost effective  



Remote Sensing Systems 

ÅActive Sensor ς illuminates subject from an artificial (on-board) 
energy source 

 

ÅPassive sensor ς uses naturally emitted radiation from the sun 
or the object being observed 

 

Å Imaging sensor ς ŎǊŜŀǘŜǎ ŀ άǇƛŎǘǳǊŜέ ōȅ ǎŎŀƴƴƛƴƎ ŀŎǊƻǎǎ ŀ ƭƛƴŜŀǊ 
array of detectors while the array moves through space 

 

ÅNon-imaging sensors = measures along a transect or at a point. 



Electromagnetic radiation  

and its Interaction with matter 



The Electromagnetic Spectrum 

ÅEMR used in remote sensing 

Diagram shows those of the EM spectrum which is important in remote sensing 

 

The lower graphs shows the atmospheric transmission of the EMR versus 
wavelength (log-scale) 
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c = nl 

l = distance of separation between two wave peaks 

n = number of wave peaks passing in a given time 

c = speed of light 

 

Frequencies and wavelengths 

Electromagnetic Wave Properties 



Properties of Electromagnetic Radiation 

ÅThe orientation of the electric field is termed polarization and 
is important in discussing the operation of remote sensing 
system 

 

Vertical Polarization (V): 

 electric vector is perpendicular to the plane of incidence 

  

Horizontal polarization (H): 

  electric vector is parallel to the plane of incidence 

 

ÅRadiation from the Sun is unpolarized (at random) 

ÅMan made sources (laser, radar) have polarized radiation 

       



Basic Laws 

Planckôs law (Spectral Radiance) 

Stefan-Bolzmann law (TIR) 

Å The total emitted energy over the whole spectrum is proportional the 
physical temperature 

        

     

 M = esT4 

M = sT4 Blackbody  

Graybody  



Basic Laws 
 

Blackbody  

  - Object that absorbs and emits 100 % of radiation 

  - Does not exist in nature 

  - Emissivity would equal one 

Graybody 

  - Object that reflects part of the incident radiation 

  - Emissivity is smaller than one 

 Emissivity 

Å 5ŜǎŎǊƛōŜǎ ǘƘŜ ŀŎǘǳŀƭ ŀōǎƻǊǇǘƛƻƴ ŀƴŘ ŜƳƛǎǎƛƻƴ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǊŜŀƭ ƻōƧŜŎǘǎ όάƎǊŀȅ 
ōƻŘƛŜǎέύ 

Å Is  wavelength dependent 

Å Is equal to (graybody emittance)/(blackbody emittance) 

Å 9ǎǘŀōƭƛǎƘŜǎ ŀƴ ƻōƧŜŎǘΩǎ ǊŀŘƛŀƴǘ ǘŜƳǇŜǊŀǘǳǊŜ όTrad  ) or brightness temperature 

 

 
 

Trad = Ů
1/4Tkin   Ů = ( Trad / Tkin)

4 



 
 

Å {ǳƴΩǎ ǘŜƳǇŜǊŀǘǳǊŜ Ґ сллл Y 
the wavelength of peak emittance =  2898 mm K/6000 K  = 0.48 mm 
 
Å 9ŀǊǘƘΩǎ ǘŜƳǇŜǊŀǘǳǊŜ Ґ олл Y 
the wavelength of peak emittance  = 2898 mm K/300 K     = 9.6 mm 

 

Wienôs displacement law  :  lmax = k/T 
 

Basic Laws 

 k = 2898 mm K 

Source:Chuvieco and Huete 2010 



EMR Interaction With Matter 

Radiative properties of a natural surface 

ÅRadiation incident upon a surface must either be transmitted 
(t) through it, reflected (a) from the surface or be absorbed 
(z). 

 

 

ÅFor solar radiation, a is referred to as the surface albedo 

Å If we consider only part of the EM spectrum, a is referred to 
as the spectral albedo 

ÅAlbedo is the percent of incident solar energy that is reflected 
from a surface  

 

Transmissivity + Reflectivity + Absorptivity = 1 



Attenuation 

The reduction of Intensity of EMR as it passes through a medium. 

Sometimes called extinction 
(Combination of absorption and scattering) 

EMR Interaction With Matter 



Atmospheric Scattering 

(Red / UV)4  = (0.6/0.3)4  = 16 

Explanation why sky is blue  

Scattering intensity of  Blue light       =  (0.45)-4  = 24.4 

Scattering intensity of  Green light   =  (0.50)-4  = 16.0 

Scattering intensity of  Red light        =  (0.65)-4  =   5.6 



Atmospheric Scattering 

At sunset, solar radiation must traverse a 
longer path through the atmosphere. 
Viewing a setting sun, the energy 
reaching the observer is largely depleted 
of blue radiation, leaving mostly red 
wavelengths (Rayleigh). Dust and 
smoke add additional scattering with 
a wavelength dependence that 
increases the red-sky effect (Mie) 

Red Sky at Night 



Atmospheric Scattering 



In the atmosphere EMR is primarily absorbed by 

ÅH2O  water vapor, water droplets 

ÅCO2  carbon dioxide 

ÅO2  oxygen 

ÅO3  ozone 

Ådust 

Atmospheric Absorption 



Atmospheric Windows 
Å Regions in the EM spectrum where energy can be fully transmitted 

Å 0.3-0.7 mm  UV and visible light 

Å 3-5 mm   emitted thermal energy from Earth 

Å 8-11 mm   emitted thermal energy from Earth 

Å 1 mm-1 m   radar and microwave energy 



Platforms for Remote Sensing 



ÅFeatures 

ïVery convenient 

ïOn-board repairs possible 

ïRange of altitudes from meters to a kilometers 

ïSpeed: 0 ς 300 m/s 

ïHeight determines scale, coverage, and resolution 

ïSpeed determines linear sampling rate 

 

Platforms: Aircraft 



Platforms: Satellites 

ÅAdvantages 
ï Increased platform speed 

ïContinuity of missions 

ïBetter data coverage 

ïHomogeneous data collection 

ïNo political boundary issues 

 

ÅDisadvantages 
ïOn-board repairs difficult or impossible 

ïSampling constrained by orbital geometry 

 

 

 

 



Types of Orbits 
 
 

ÅGeostationary 

ÅGeosynchronous 

ÅSun Synchronous 

ÅAltimetric 

ÅMolniya 

 



ÅGeostationary 
ïOrbit is stationary with respect to a 

location on the earth 

ïCircular orbit around the equator (orbital 
inclination = zero) 

ïThe orbital period id equal to the earth 
rotation ( for a sidereal day, rotation with 
respect to star) = 23 hrs 56 min. 4 sec. 

ïOrbit altitude is 35,800 km (about 36,000 
km) above the equator  

 

 
 

 

Types of Orbits 



Uses of Geostationary orbit 
ïWeather Satellite (METEOSAT, GOES, MTSAT,MSG) 

ïTelephone and television relay satellite 

 

 

 

Types of Orbits 

Constant contact with ground stations 

ï High temporal resolution 

 

Limited spatial coverage  
ïEach satellite can only cover about 25-ол҈ ƻŦ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ 

ïCoverage extends only to the mid latitudes, no more than about 65 
degree 

 

 



Types of Orbits 



Sun Synchronous 

ÅThe satellite crosses a given latitude 
at the same solar time every day 

ÅThe orbital plane rotates about the 
polar axis 

ÅOrbital height about 1000 km  

ÅOrbital inclination is greater than 96° 

ÅLandsat, SPOT, NOAA, DMSP, 
RADARSAT, ERS-1/2 

 

Types of Orbits 



Sun Synchronous 

ÅEquatorial crossing time depends 
on the nature of application (low 
sun angle vs. high sun angle 
needs) 

ÅEarth monitoring ς global 
coverage 

ÅOrbital altitude typically 
between 600 and 1000 km ς 
good spatial resolution 

 

Types of Orbits 


