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  What is Remote Sensing? 

Remote sensing refers to the activities of 

recording/observing/perceiving (sensing) objects 

or events at far away (remote) places.  

 

In remote sensing, the sensors are not in direct 

contact with the objects or events being observed. 

 

The output of a remote sensing system is usually 

an image representing the scene being observed. 

The human visual system is an example of a remote sensing system in this 

general sense. 

http://www.crisp.nus.edu.sg/~research/tutorial/earth.htm
http://www.crisp.nus.edu.sg/~research/tutorial/eye.htm


The  electromagnetic radiation is normally used as an information carrier in 

remote sensing. An electromagnetic wave is characterized by a frequency and a 

wavelength. 

 Electromagnetic Waves 

vc l=

speed of light = frequency ×  wavelength 



Definitions of remote sensing 

Å ñThe art and science of obtaining 

information about an object without 

being in direct physical contact with 

the objectò - Jensen (2000)  

Å The science and art of obtaining 

information about an object, area, or 

phenomenon through the analysis of 

data acquired by a device that is not 

in contact with the object, area, or 

phenomenon under investigation - 

Lillesand and Kiefer (2000)  



What is Remote Sensing? 

In a more restricted sense, remote sensing usually refers to the technology of 

acquiring information about the earth's surface (land and ocean) and 

atmosphere using sensors onboard airborne (aircraft, balloons) or 

spaceborne (satellites, space shuttles) platforms. 

These remote sensing satellites are equipped with sensors 

looking down to the earth. They are the "eyes in the sky" 

constantly observing the earth as they go round in predictable 

orbits.  

 

In airborne remote sensing, downward or sideward looking 

sensors are mounted on an aircraft to obtain images of the 

earth's surface. 

http://www.crisp.nus.edu.sg/~research/tutorial/airbrn.htm
http://www.crisp.nus.edu.sg/~research/tutorial/spacebrn.htm


Development of photography 
Å Invention of photography 

ï In the 16th century: Pin-hole Camera Obscura (Latin 
meaning ñDark Roomò) 

ï In the early 19th century: Invention of film with silver 
iodide 

ï 1826 ï first photo by Niépce 

ï Daguerre ï fixing image on a film 

Å Film camera 
ï Black and white 

ï Color 

ï Infrared 

Å Digital camera 

ï Multiple bands 

ï Imaging techniques 

ÅImage type 

ÅScanner type 

Photo by Talbot (1840) 

Am. Museum of Photography 

ADS40 Aerial Camera 

Leica-Geosystems 



    From the beginning create of camera in 1839, human have always been 

exploring to install the camera onto  increasingly high platform  to observe 

our planet in a wider view.  

Pigeon Balloon 

Airplane(UAV)  Satellite 



 The Electromagnetic Spectrum 

The electromagnetic spectrum can be divided into several wavelength 

(frequency) regions. 



Electromagnetic spectral regions for remote sensing ̔ 

 The Electromagnetic Spectrum 

Visible :  

 

Red: 610 - 700 nm  

Orange: 590 - 610 nm  

Yellow: 570 - 590 nm  

Green: 500 - 570 nm  

Blue: 450 - 500 nm  

Indigo: 430 - 450 nm  

Violet: 400 - 430 nm  

 Infrared :  
 

Near Infrared (NIR) : 0.7 to 1.5 µm.  

Short Wavelength Infrared (SWIR): 1.5 to 3 µm.  

Mid Wavelength Infrared (MWIR) : 3 to 8 µm.  

Long Wanelength Infrared (LWIR) : 8 to 15 µm.  

Far Infrared (FIR) : longer than 15 µm.  

 

Microwaves: 1 mm to 1 m wavelength.  

Optical 

 R.S. 



Effects of Atmosphere 



Effects of Atmosphere 

Effects of Atmosphere 

     When electromagnetic radiation travels through the atmosphere, it may 

be absorbed or scattered by the constituent particles of the atmosphere.  

      Molecular absorption converts the radiation energy into excitation 

energy of the molecules.  

      Scattering redistributes the energy of the incident beam to all directions. 

The overall effect is the removal of energy from the incident radiation.  



1.1 ҍ   
Effects of Atmosphere 

Earth radiation̔  

  Short wave radiation̂ 0.3͘ 2.5ɛm̃̇̇  reflected radiation 

  Middle wave radiation ̂ 2.5͘ 6ɛm̃̇ ̇reflected radiation  & thermal radiation 

  Long wave radiation ̂͘6ɛm̃ ̇̇ thermal radiation 

 



Atmospheric windows  

̂1̃0.30͘ 1.15ɛm̂whole visible region ȁpartial  ultraviolet region and 

partial NIR regioñ  ̔ used to detect reflection of solar radiation on earth 

surface at daytime̕  

̂2̃1.30͘ 2.50ɛm̂ NIR region ̃ ̔mainly used in Geologic  remote 

sensing ̕  

̂3̃3.50͘ 5.00ɛm̂MIR region ̃ ̔used to detect objects at high 

temperaturĕ e.g.  forest fireȁvolcanoȁnuclear blast̕  

̂4̃8͘14ɛm̂thermal region ̃ ̔ used to detect thermal radiation energyȁ

emissivity under  normal temperature; 

̂5̃1.00mm͘ 1m microwavê millimeter-wave, centimeter-wave, decimeter-

wavẽ ̔can penetrate clouds , vegetation,  ice and soil with considerable 

thickness ,can work day and night and under all-weather conditions.  

Effects of Atmosphere 



Transmission and reflection 

absorption 

reflection 

emission  
diffusion 

Incident beam 

)()()()(1 llll TAR EEEE ++=

    incident radiation.        reflected radiation ̕      absorbed energy̕  

    transmitted energy:  vary with the wavelength . 
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Interaction of  Radiation with Matter  



Interaction of  Radiation with Matter  

When light waves hit an object, one or more of the following things can happen: 

 ̧The light waves can be reflected,  ie bounced off 
the object in a mirror -like fashion. This is 
called specular reflection.  

 ̧The light waves can pass though the  
object.   Think of a pane of glass. 

Ţhe light waves can be scattered in all 
directions.  We refer to this as diffuse reflection.  A 
sheet of white paper is a good example of an object that 
diffuses light.  

Ţhe light waves can be absorbed,  and converted to 
heat. If you place a white object and a black object in the 
sun, the black object will feel hotter. The reason for this is 
that the black object absorbs the light from the sun, 
turning it into heat, while the white object reflects the light 
in all directions, and stays cool. 

Most real world objects cause not just one, but a combination of the above effects. 



Reflectance ̔  

Reflectance curve is a curve which illustrate the variety of object 

reflectance at different wavelengths. It shows spectral signatures of 

surface materials. 
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2.  Spectral Properties of Earth Materials 

2.1 Spectral Features 

2.2 Field Spectrum Measurement 



vegetation 

chlorite 

Kaolinite 

Cotton fibre 
Atmospheric absorbing spectrum 

infrared 
red green blue 

Typical Reflectance Spectrum 

2.1 Spectral Features 

SPECTRAL  LIBRARY 



Chlorite  

Al -rich 

mica 

Tremolite 

Dolomite 

Talc 

Kaolinite  

2100 2200 2300 2400 
wavelength  nm 



Vegetation is sensitive to optical radiation from the ultraviolet through infrared 

spectral range and is optimized to absorb solar energy in the visible spectrum to 

drive the biological process of photosynthesis necessary for plant growth. 

1.3 ῖ ᾣ  

Typical spectral curve of vegetation  

0.54 

0.68 

0.94 

1.10 

1.4 1.9 

2.7 

2.1 Spectral Feature  

Transpiration  

Photosynthesis 

fluorescence 

 



1.3 ῖ ᾣ  2.1 Spectral Feature  



Pigment absorption Cell scattering Lamina water absorption 

Chlorophyll absorption 

Absorption decrease- vegetation is green 

Red maple 

loblolly 

 

When plants get ill, 

Chlorophyll absorption 

intensity will get weaker and 

reflectance will get higher 

especially in red light region. 

For this reason, ill plants are 

often in light yellow color. 

 

  

1.3 ῖ ᾣ  2.1 Spectral Feature  



Pigment absorption Cell scattering Lamina water absorption 

The shift of vegetation red edge 

With the increase of Chlorophyll 

consistency , photosynthesis will be 

strengthened and more photons in 

long wavelength will be consumed  

Spectral characteristics of 

healthy plants in NIR region: 

High reflectancê 45%͘ 50%) 

High transmittancê 45%͘

50%) 

Low absorptance ̂ <5%̃ 

 

1.3 ῖ ᾣ  2.1 Spectral Feature 



1.3 ῖ ᾣ  2.1 Spectral Feature 

Ċ chlorophylls 

Spectral properties: effect of leaf pigments 

Autumn         ill 

Ĉ anthocyanins 
Ĉ carotenoids 
Ĉ brown pigments 



NDVI =[ R(860nm) - R(660nm) ] / [ R(860nm) + R(660nm) ] 

 

Red-edge reflectance: 

                Rred = [R(670nm) + R(780nm) ] / 2 

 

Red-edge  inflection: 

                ɚred =  700nm +[ Rred - R(700nm) ] / [R(740nm) - R(700nm) ] * 40nm 

 

  

1.3 ῖ ᾣ  2.1 Spectral Feature  

Spectral bands selection  Ą  color composition 

                                 Ą  index image 



Water is a very important component in soil. With increase of water in 

soil ,  reflectance of soil will gets lower. Especially in water absorption 

bandŝ 1.4̆ 1.9 and 2.7 mm ̃ , reflectance gets lower very obviously. 

    ̂ water content:  A̔ 0.32̕ B̔0.25̕ C̔0.14̕ D̔0.07̃  
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1.3 ῖ ᾣ  2.1 Spectral Feature 
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2.2 Field Spectrum Measurement 

Spectrometer/ Spectroradiometers : 

Spectrometer can obtain continuous spectral radiation curve of ground 

objects in the region from UV to NIR of solar reflected radiation ( 300-

2500nm )  

How to obtain Reflectance ̔  

 
¸ Use spectrometer (ground/field ) to measure radiant energy of object 

and standard white board respectively. Their ratio is the spectral 

reflectance of ground object.  

¸ The reflectance of standard white board in wavelength from 400-

2500 nm is 100%.  



1.4 ᾣ  

indoor artificial illumination  :  

advantages̔ Many times spectral 

measurements of in limited time. 

Esay to control light sourceȁview field 

and geometrical shape of object measured 

disadvantages:  

(1)Visible light is much weaker than solar 

light and generates more infrared radiation 

 (2) Because of parching effect, vegetation 

samples will leads to water loss  

 (3)For Irregular objects, it should be paid 

special attention that how to set the 

distance from itself to light source 

2.2 Field Spectrum Measurement 



1.4 ᾣ  

Solar illumination:  

Advantages: solar light source is 

just the light source of surroundings 

detected and is very steady   

disadvantages:  

(1) Because of atmospheric 

absorption, there is no signals in 

some region  

(2)Steady weather conditions are 

requisite   

(3) Measurement time should be 

around noon. Especially in winter, 

the time is very short 

2.2 Field Spectrum Measurement 



1.4 ᾣ  

Function of Field Spectroradiometer in hyperspectral remote sensing: 

(1)Radiometric calibration of sensors in HRS experiments 

(2)Field spectral data is requisite for some models of image reflectance 

conversion 

(3)Standard spectral data and Field spectral libraries 

(4)Deliberation of performance index of HRS sensors 

(5)Geological minerals mapping 

(6)Directional reflected characteristics of objects 

(7)Quantitative relation between field spectral data and object characteristics    

( biophysical and biochemical parameters ) 

2.2 Field Spectrum Measurement 



3.  Sensor Technology 

3.1 Basic Concepts 

3.2 Imaging Characteristics of HRS 

3.3 Expression of Hyperspectral Image data 

3.4 Spatial Imaging Models of Imaging Spectrometry  

3.5 Spectral Imaging Models of Imaging Spectrometry  



Imaging technology of remote sensing always go head in the two aspects as 

follows: 

    1.to improve image Spatial Resolution by narrowing the Instantaneous Field Of 

View ̂IFOṼof sensors 

    2.to improve image Spectral Resolution from increasing bands and narrowing 

bandwidth 

3.1 Basic Concepts 

Spectroscopy  

Imaging technology  

Imaging spectrometry 



̂1̃Spectral Response Function 

3.1 Basic Concepts 

MODIS,CBERS,TM spectral response functions of
the former 4 bands
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̂2̃Spectral Resolution̔  

      Bandwidth of 50% of spectral response 

3.1 Basic Concepts 



̂3̃Dwell Time 

           The time which IFOV of a sensor scans a ground cell 

̂4̃Spectral Sampling Interval 

           The interval of peak value of two adjacent  spectral channels  

̂5̃Contrast Ratio (CR) 

                        CR=Bmax/Bmin ,      brightness scale: 0 ~ 10 

3.1 Basic Concepts 



̂6̃Spatial Resolution: 

3.1 Basic Concepts 

Å Each band of  the remotely 

sensed image is stored as a 

matrix (array) format. 

Å To efficiently handle multiple 

bands, three formats are the 

most commonly used in 

practice: BSQ (band 

sequential) ð BIL (band 

interleaved by line) ð BIP 

(band interleaved by pixel).  

Å Evolution from multispectral 

to hyperspectral data (the 

focus in this course will be on 

hyperspectral image data). 



̂6̃Spatial Resolution: 

3.1 Basic Concepts 

ÅEach pixel is 
characterized for a brief 
time by some single value 
of radiation (e.g., 
reflectance) converted by 
the photoelectric effect 
into electrons and then to 
a number (see illustration 
at right) 

 

ÅThe areal coverage of the 
pixel (that is, the ground 
cell area it corresponds to) 
is determined by 
instantaneous field of 
view (IFOV) of the sensor 
system.  



̂6̃Spatial Resolution: 

Angular Resolving Power is determined by Instantaneous Field of View, 

IFOV (unit is mrad). Ground area of IFOV is called Ground Resolution Cell. 

3.1 Basic Concepts 

L Ŭ 
rad

r

L
=a

Based the IFOV and flight altitude, we can calculate the image spatial resolution: 

        GR=2³tg(IFOV/2) ³altitude 



̂6̃Spatial Resolution: 

3.1 Basic Concepts 



3.1 Basic Concepts 

̂7̃Angular Field of View (FOṼ̔ 

 

     FOV̅H  >>>  Ground Swath (GS̃ 

GS=tan(FOV/2) ³altitude ³2 

FOV 



3.1 Basic Concepts 

̂8̃ Line scanning velocity ɜ̂ line/s̃ ̔ 

ground speed of aircraft must satisfy: 

V        pixel resolution ³ Line scanning velocity   ¢ 



̂9̃SNR: 

SNR is the ratio of the signal detected by a sensor to noise. Generally, SNRȁ

image spatial resolution and spectral resolution contradict each other  and can 

not be improved simultaneously . 

3.1 Basic Concepts 
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Noise sources̔ 

Photon noise 

Detector noise 

Postdetector electronic noise 

           Effective aperture of optical system 

           Instantaneous Angular Field of View  

           Atmospheric average  transmittance  

           Average transmittance of optical system 

           Detectivity of the detector 

           Photosensitive area of the detector 
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3.1 Basic Concepts 

 

Laboratory kaolinite 

spectrum converted 

to various SNR 



3.2 Imaging Characteristics of HRS 

Characteristics of HRS̔  

 

̂1̃ high spectral resolution  

Imaging spectrometer̔  

Compared to field spectrometer, imaging 

spectrometer gather spectra not only for 

point targets but for continuous areas; 

namely it is imaging  

Compared to conventional multispectral 

RS, its spectral channels are not discrete 

but continuous. So we can obtain a 

smooth integrated spectral curve. 



3.2 Imaging Characteristics of HRS 

Characteristics of HRS̔  

 
(2) 

    a combination of image                 

and spectra information  

Imaging spectrometer 

spectroradiometer 

Imaging radiometer 

Imaging 

spectroradiometer 

Spatial 

information  

̂imager ̃  

Spectral 

information  

̂spectrometer̃  

Radiant 

information  

̂radiometer̃ 



3.2 Imaging Characteristics of HRS 

"...you just can't have it all!... "  
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3.2 Imaging Characteristics of HRS 

Characteristics of HRS: 

̂3̃many spectral channels, continuous imaging 

in some region over wavelengths 
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3.3 Expression of Hyperspectral Image data 

̂1̃The Image Cube  
Y  

X  

Z  

Spatial plane̔ O-XY 

Line spectral plane̔ O-XZ̆O-YZ  



3.3 Expression of Hyperspectral Image data 

̂2̃two- dimensional                             
spectral curve  

̂3̃three - dimensional 
spectral curved surface  

x/y℗  



3.3 Expression of Hyperspectral Image data 

Pixel spectrum 

Spectral curve 

Spectral vector 



3.4 Spatial Imaging Models of Imaging Spectrometer 

̂1̃Whiskbroom Imaging Spectrometer 



Advantages (Whiskbroom) ̔ 

̂1̃ wide FOV̕ 

̂2̃ good registration of pixels̕  

̂3̃ easy to calibrate detector̕  

̂4̃ wide spectral region  

 

Disadvantages̔  

Dwell time is too short, difficult to improve 

spectral and spatial resolution and SNR 

3.4 Spatial Imaging Models of Imaging Spectrometer 



3.4 Spatial Imaging Models of Imaging Spectrometer 

̂2̃Pushbroom Imaging Spectrometer side 



Advantages  (Pushbroom): 

̂1̃Dwell Time is much longer̆ hence spectral 

and spatial resolution can be improved 

̂2̃Without optical mechanical scanning 

component. The bulk of instrument is small 

Disadvantages̔   

̂1̃Difficult to augment FOV̕  

̂2̃Difficult to calibrate CCD arrays; 

̂3̃Difficult to develop Short wave and IR 

detector arrays  

3.4 Spatial Imaging Models of Imaging Spectrometer 



4 Image Data Processing and Models 

 

4.1 Spectral feature selection and extraction 

4.2 Pixel spectral unmixing 

4.3 Remote sensing image classification 

4.4 Target detection 

4.5 High performance computing 



4.1 Spectral feature selection and extraction 

Hyperspectral data cube 

Hyperspectral matrix 



4.1 Spectral feature selection and extraction 

1̃ Large spectral data quantity and calculation quantity 

       Suppose that Original spectral band number is N, number after selection is M, N>M,  

So,  the number of spectral features combination is: 

            C = N / N-M M  

            if     

                   N=100, M=3: 

            then 

                   C = 100 / 100-3 3 = 161,700 

2̃ Statistic parametersô estimate errors will be larger  

      With the increase of bands, the statistic parameters of samples will be more and more. 

In order to get more accurate estimation of parameters, the number of training samples 

must be 10 times of bands. When the number of samples is invariablethere will be 

Hughes effects on the accuracy of classes with the changes of band numbers. 

 



4.1 ᾣ  4.1 Spectral feature selection and extraction 

Hughes effect: 

Å With increasing dimensionality, we need sufficient training data for the Classification 

Å It is very important  to design supervised classifiers able to deal with limited training 



Spectral Feature Selection is that a subclass is selected in the spectral feature 

space aiming at the special object. This subclass is a shrunken spectral feature 

space, but it includes the main feature spectra of this object, and the subclass 

can distinguish other ground samples with maximized limit in many object 

combinations. 

Hyper-

spectral 

Image 

X1 

X2 

X3 

X4 

X5 

X2 

X4 

Simplified 

Feature 

Space 

×  

×  

×  

Spectral feature Selection̔  Search for spectral feature position 

        Spectral correlation analysis 

        Statistics of spectral distance 

 

4.1 Spectral feature selection and extraction 



Feature Extraction 

Hyper-

spectral 

image 

X1 

X2 

X3 

X4 

X5 

Y1 

Y2 

Optimized 

feature space F (x1,éx5) 

4.1 Spectral feature selection and extraction 
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Spectral Absorption Identification  
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4.1 Spectral feature selection and extraction 



Strengthening Spectral Features   

4.1 Spectral feature selection and extraction 

Continuum Removal (CR)  



Continuum Removal (CR)  
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4.1 Spectral feature selection and extraction 

Kaolinite Dolomite 



B-Red 

Cyan  

Yellow  Purple  

B-Blue  B-Green  

4.1 Spectral feature selection and extraction 

Image Color Compositing based on Spectral Feature Selection      

complementary color  



Spectrum distance 
measurement   

Mean spectrum  mean spectrum m 

standard deviation s 

extreme value Ź 

Stdev°

Mean

MinMax/

4.1 Spectral feature selection and extraction 



4.2  Spectral unmixing 



4.2  Spectral unmixing 

Hyperspectral image 
High spatial resolution 

Mixed pixels 



4.2  Spectral unmixing 

The question of mixed pixel in hyperspectral image 

ü Natural mixture: different pure material exist in one pixel. 

ü Shadow: the same material has different reflected energy. 

ü Atmosphere: multiple scattering and PSF. 

ü Sensor detector: limited spatial resolution and PSF. 

ü é é 

Multiple scattering
Shadows

Atmospheric

interferers



4.2  Spectral unmixing 



4.2  Spectral unmixing 



4.2  Spectral unmixing 



4.2 Spectral unmixing 



4.2  Spectral unmixing 



4.2  Spectral unmixing 



4.2  Spectral unmixing 
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4.2  Spectral unmixing 
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4.3  Image Classification 

Introduction to Image Classification 



4.3  Image Classification 



4.3  Image Classification 



4.3  Image Classification 



The general process of remote sensing image supervised 

classification ̔ 

The general process of remote sensing image unsupervised 

classification ̔ 

Feature 

selection 

Make sure of 

classification 

number  

Result 

validation 

Make sure of 

classification 

type 

Classification 

Measuring 

total 

statistics 

Make sure of 

classification 

types 

Feature 

selection 

Training 

data 

extraction 

Measuring 

total 

statistics 

Classification Result 

validation 

4.3  Image Classification 



Classic approaches to Unsupervised Classification 

4.3  Image Classification 



Classic approaches to Unsupervised Classification 

4.3  Image Classification 



Classic approaches to Unsupervised Classification 

4.3  Image Classification 



Other approaches to Unsupervised Classification 

Å Partitional clustering approaches 

Å Hierarchical segmentation 

Å Object-based image classification 

4.3  Image Classification 



4.3  Image Classification 



4.3  Image Classification 



4.3  Image Classification 



Other approaches to Supervised Classification 

Å Classification using kernel methods 

Å Composite kernel for Hyperspectral Classification 

Å Classification using neural networks 

Å Multinomial logistic regression 

Å Subspace-based classification 

Å Manifold learning 

4.3  Image Classification 



Spectral-spatial-based classification 

4.3  Image Classification 



Spectral-spatial-based classification 

4.3  Image Classification 



Classification  accuracy and effects depends on the following 

factors:  

(1) Divisibility of classes 

(2) Quality or SNR of image 

(3) Dimensions of image bands space  

(4) The quantity of training samples 

(5)  classifier 

4.3  Image Classification 



  

Spectral Similarity Mapping (with Japanese Cabbage ) 

High 

Low 

4.3  Image Classification 



  

Spectral Similarity Mapping (with Chinese Cabbage ) 

High 

Low 

1. Hyperspectral Remote Sensing ïFine Crop Recognition 1. Hyperspectral Remote Sensing ïCrop Precise Recognition 4.3  Image Classification 



  

Tree  Identification Jam  Identification 

4.3  Image Classification 



  

Japanese cabbage (midseason) 

Chinese cabbage (midseason) 

Radish 

Lettuce (midseason) 

Pasture 

Yam 

Forest 

Plastic film 

No_vegetation cover area 

LANDCOVER  IN MINAMIMAKI,  JAPAN 

August 23, 2000 

4.3  Image Classification 


