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Preface

RemoteSensingdatais oneof the primary datasourcesin GIS analysis. Theobjectiveof

this material is to provide fundamentalsof Remote Sensing technology and its

applicationsin GeographicalInformationSystemsto undergraduatestudentsandthe one

whowantsto studyaboutRemoteSensingtechnologyby visually (Readlesslearnmore).

However,RemoteSensingtechnologyhadbeenwell establishedfor severaldecadesand

still booming. Handling and interpretationof remotesensingdatawill neverbe easy. It

requires additional practical works and digital image processingknowledge. It is

impossibleto coverall topics in here. So, hereI provideadditionallearninginformation

andotheronlineresourceswhichwerelistedin AppendixA for furtherinterestedstudents.

I hopeyouôllenjoyit

Ko Ko Lwin

Division of SpatialInformationScience

Universityof Tsukuba

2008
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1. Remote Sensing Overview

1.1Definition

What is RemoteSensing?If you are reading this

sentence,now you aredoing RemoteSensing. In

fact, any information acquiredfrom the object

without touching is RemoteSensing. Following

is a scientificdefinitionof RemoteSensing.

The scienceof acquiring information about the

earth using instrumentswhich are remoteto the

earth'ssurface,usually from aircraft or satellites.

Instrumentsmay use visible light, infrared or

radar to obtain data. Remotesensingoffers the

ability to observeandcollect datafor largeareas

relatively quickly, and is an importantsourceof

datafor GIS. (Source: digimap)
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1.2 Remote Sensing and GIS Work Flow
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Spatial data modeling along 

with other GIS dataset

Example in optical Remote Sensing 1
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1.3 Components in Remote Sensing

Platform

The vehicle which carries a sensor. i.e. satellite, aircraft, balloon, etc...

Sensors

Device that receives electromagnetic radiation and converts it into a signal that can be 

recorded and displayed as either numerical data or an image.

Platform Name Sensor Name

Landsat TM Thematic Mapper 
(Passive: Optical sensor)

Landsat ETM Enhanced Thematic Mapper 
(Passive: Optical sensor)

ALOS PRISM (Passive: Optical sensor)
AVNIR-2 (Passive:Optical sensor)
PALSAR (Active: Microwave sensor)

One platform can carry more than 

one sensor. For example:
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1.4 Types of Remote Sensing

Passive Remote Sensing and Active Remote Sensing

Active Remote Sensing

Remotesensingmethodsthat provide

their own source of electromagnetic

radiation to illuminate the terrain.

Radaris oneexample.

PassiveRemoteSensing

Remote sensing of energy naturally

reflectedor radiatedfrom theterrain.
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1.5 Multistage Remote Sensing Data Collection

Satellite based remote sensing
Advantages: Less geometric errors (platform is stable)

Disadvantages: Need to wait a time for certain event

Fixed spatial resolution

Aerial surveying
Advantages: Acquire any times any events

Variable spatial resolution by 

changing flight altitude and camera focal length

Disadvantages: High geometric errors;

require sophisticated geometric correction model

Costly for specific area, specific purpose

Ground based remote sensing GBRS or 

Low Altitude Remote Sensing 
Scientific experiment purposes 

(e.g. study about canopy, soil contamination, etc.)
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Somesatellitescapableto acquirestereopair imagesthatcanbeachievedwhen

two imagesof thesameareaareacquiredondifferentdaysfrom differentorbits,

onetakenEastof theother(i.e., Eastor Westof thenadir). For this to occur,there

mustbesignificantdifferencesin theinclinationangles.

Stereo Pair Images 

Different days from different orbits

e.g. IKONOSôs pointing system

Onboard two or more inclined sensors

e.g. SPOT5, ALOS PRISM (Panchromatic Remote-

sensing Instrument for Stereo Mapping) 

Swath width : 35Km

1.6 Stereo Pair Remote Sensing Data Collection
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Nadir

West pointedEast pointed

Nadir

Forward

Backward

Nadir (2.5m)

Forward

Backward

ALOS PRISM 

SPOT-5
ALOS PRISM Sensor 

DEM Digital Elevation Model can be 

generated from stereo pair images by using

Photogrammetric technology.



1.7 Types and Uses of Satellites

Types of satellites can be classified by their orbit characteristics.

Type 1: Low Earth Orbits/Satellites: Normally used in spy satellite (Military purposes)

Type 2: Sun-synchronous Orbits/Satellites: a polar orbit where the satellite always 

crosses the Equator at the same local solar time. Most of the earth resources 

satellites are sun-synchronous orbit. 

12

Examples

Landsat TM/ETM
SPOT

ALOS

IKONOS
QuickBird

Earth rotation

Satellite orbit



Type 3: Geostationary Orbits/Satellites: Satellites at very high altitudes, which 

view the same portion of the Earth's surface at all times. Especially 

used in metrological applications. 
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ÅFixed position on specific location
ÅSame speed as earth rotation speed
ÅWide area coverage
ÅEspecially designed for weather monitoring 

Earth rotation

Satellite orbit



2.1ElectromagneticWavesUsedin RemoteSensing

2. Remote Sensing Data Acquisition
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Gamma X-rays Ultraviolet Visible IR (Infrared) Microwave Radio-wave

10-14                         10-12                          10-8                               10-6                                   10-4                                          10-2 1    (wavelength in meter)

SUN

Electromagnetic spectrum

400                     500                   600                     700         (wavelength in nanometer)

Optical remote sensing (Passive Remote Sensing)

Microwave remote sensing (Active Remote Sensing)
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2.2Propertiesof ElectromagneticWaves
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Incident energy

Reflected energy

Transmitted energy
or Refracted energy

Emitted energy
(Emitted by substance; 
e.g. Surface Temperature)

Use in Passive Remote Sensing

Absorbed energy
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2.3 Spectral Reflectance and Earth Surface Interaction

Surface category Low reflectance High reflectance

Water N-IR (Near -Infrared) Blue (Visible)

Vegetation M-IR (Mid -Infrared) N-IR (Near-Infrared)

Soil Blue (Visible) M-IR (Mid -Infrared)
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2.4 Multi -spectral Remote Sensing Data (Image)

ÅComposed with more than one spectral band and each band represents specific wavelength

ÅExample in Landsat TM (Total 7 bands, Band 6 Thermal band omitted in here)

TM Band 1: High reflectance in water TM Band 4: High reflectance in vegetation TM Band 7: High reflectance in bare land (soil)17
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2.4 Multi -spectral Remote Sensing Data (Image) (Continued)

Example in Landsat TM/ETM (Band 6 omitted)
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Band 1 : Blue (0.450 ~ 0.515 mm)                         Band 2 : Green (0.525 ~ 0.605 mm)                     Band 3 : Red (0.630 ~ 0.690 mm) 

Band 4 : Near-Infrared(0.750 ~ 0.900 mm)         Band 5 : Mid-Infrared (1.550 ~ 1.750 mm)         Band 7 : Mid-Infrared (2.090 ~ 2.350 mm) 
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2.5 Spectral Properties and Principal Applications

Example in Landsat TM/ETM

Band Wavelength (mm) Principal applications

B-1 0.45 - 0.52 (Blue) This band is useful for mapping coastal water areas,

differentiatingbetweensoil andvegetation,foresttypemapping,

anddetectingculturalfeatures.

B-2 0.52 - 0.60 (Green) This band correspondsto the green reflectanceof healthy

vegetation. Also usefulfor culturalfeatureidentification.

B-3 0.63 - 0.69 (Red) This band is useful for discriminating betweenmany plant

species. It is also useful for determining soil boundaryand

geologicalboundarydelineationsaswell asculturalfeatures.

B-4 0.76 - 0.90 (Near-Infrared) This bandis especiallyresponsiveto the amountof vegetation

biomasspresentin a scene. It is useful for crop identification

andemphasizessoil/cropandland/watercontrasts.

B-5 1.55 - 1.75 (Mid-Infrared ) This bandis sensitiveto theamountof waterin plants,which is

usefulin cropdroughtstudiesandin planthealthanalyses. This

is also one of the few bandsthat can be usedto discriminate

betweenclouds,snow,andice.

B-6 10.4 - 12.5 (Thermal Infrared) This bandis usefulfor vegetationandcropstressdetection,heat

intensity, insecticide applications, and for locating thermal

pollution. It canalsobeusedto locategeothermalactivity.

B-7 2.08 - 2.35 (Mid-Infrared) This bandis important for the discriminationof geologicrock

typeandsoil boundaries,aswell assoil andvegetationmoisture

content.
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2.6 Spectral Reflectance to DN (Digital Number) 

In fact, remotesensingdatais convertingof spectralreflectancevalueto digital number

(DN) knownasa pixel. Eachspectralwavelengthrepresentsasa singlelayer in remote

sensingdatacalledñBandòorñChannelò. Themorebandsor channelspresent,themore

spectralpropertiesin remotesensingdata.
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Low DN Ą Darker 

High DN Ą Brighter

DN = 0                                   255
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2.7 Structure of Remote Sensing Data (Example in Landsat TM) 
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6167 pixels per line (approx. 185Km)

5965 lines

Total 7 bands

30m x 30m 

8-bit(0~256)

Blue (0.45 ~ 0.52mm) 

Green (0.52 ~ 0.60mm)

Red (0.63 ~ 0.69mm) 

Near-Infrared(0.76 ~ 0.90mm)

Mid-Infrared (1.55 ~ 1.75mm)

Mid-Infrared (2.08 ~ 2.35mm) 

Thermal-Infrared (10.40 ~ 12.50mm) 

Nadir-point

FOV Field Of View

15.4°

Altitude: 705Km

Swath width: 185Km

Example in Landsat TM
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2.8 Resolutions in Remote Sensing

There are four types of resolutions in Remote Sensing.

(a) Spatial Resolution: 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.

Example: Landsat TM Spatial resolution 30mx30m, QuickBird 67cm x 67cm

Landsat TM 30m x 30m                                                    QuickBird 67cm x 67cm
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(b) Spectral Resolution: 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. 

Example: Landsat TM has 7 Bands, QuickBird/IKONOS Multispectral has 4 Bands, etc.
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(c) Temporal Resolution: Also important to consider in a remote sensing system, 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 except Geostationary satellites. 

Example: Landsat TM 16 days, SPOT 26 days, etc.
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16 days for 

next orbit at 

same place

Landsat ETM Landsat ETM



(d) 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. 

Example: Landsat TM 8 bits, SPOT 8 bits, IKONOS 11 bits. However, most computer 

programs do not support 11-bit, so it will convert to 16-bit.

8-bit : 28 = maximum 256 color levels or DN values (commonly used)

16-bit : 216 = maximum 65536 color levels or DN values (especially used in elevation 

data, e.g. DEM, DSM, DTM, etc.)
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3. Remote Sensing Data Processing and Analysis

3.1 Remote Sensing Data Pre-processing

(a) Atmospheric correction

(b) Radiometric correction

(c) Geometric correction

However, most remote sensing data can be acquired or purchased 

atmospheric, radio metric and geometric corrected data. 

Here, we will introduce briefly.

Haze reducing

Small haze can be removed in Landsat TM/ETM.
But not clouds. Because B4 (IR) can penetrate the haze.

(b) Radiometric correction(a) Atmospheric correction
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(c) Geometric correction

Geometric distortion due to Earth rotation.

Methods of Geometric correction

1.Using satellite header file (satellite onboard GPS)

2.Image to image registration

3.Image to map registration

4.Manually entered GCPs (Ground Control Points) 

Earth direction

Satellite direction

Pixel unit Geographical unit
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3.2 Visual Interpretation (Band combination)

First step interpretation and to distinguish various land covers into different colors

Example: 

RGB 321 in Landsat

TM/ETM givesnatural

color. Assignband3 to

red channel,band2 to

green channel and

band1 to blue channel

in computerdisplay.

To see landscape in 

realistic view.
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Example: 

RGB 543 in Landsat

TM/ETM gives false

color. Assignband5 to

red channel,band4 to

green channel and

band3 to blue channel

in computerdisplay.

To  discriminate 

between soil, 

vegetation and water.

3.2 Visual Interpretation (Band combination) continued
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Example: 

RGB 432 in Landsat

TM/ETM gives false

color. Assignband4 to

red channel,band3 to

green channel and

band2 to blue channel

in computerdisplay.

To determine 

vegetation stress and 

vigor. 

3.2 Visual Interpretation (Band combination) continued
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Example: 

RGB 541 in Landsat

TM/ETM gives false

color. Assignband5 to

red channel,band4 to

green channel and

band1 to blue channel

in computerdisplay.

To  assess water 

quality. Turbid water 

gives bright blue and 

clear water gives dark 

blue.

turbid water (water with more 
sediment particles)

Clear water (water with less 
sediment particles)

3.2 Visual Interpretation (Band combination) continued
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3.3 Apply Algorithms

We can manipulate between bands (playing with DN Digital Numbers) and extract 

meaningful information.

(a) NDVI (Normalized Difference Vegetation Index)

Perhaps, well known and useful algorithm is NDVI (Normalized Difference Vegetation 

Index). Vegetation is low reflectance in Red band and high reflectance in Infrared band. 

By normalizing this two bands, we can measure vegetation stress and vigor.

General formula   NDVI = (Infrared ïRed) / (Infrared + Red)

The value is between +1 (vigor) ~ -1 (stress)

NOAA AVHRR NDVI = (B2 ïB1) / (B2 + B1) 

Landsat TM/ETM NDVI = (B4 ïB3) / (B4 + B3) 

IKONOS/QuickBird NDVI = (B4 ïB3) / (B4 + B3) 

(b) NBR (Normalized Burn Ratio)

Landsat TM/ETM NBR = (B4 ïB7) / (B4 + B7) 

These two bands provide the best contrast between photosyntheticallyhealthy and burned 

vegetation (Howard et al. 2002).
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Example: 

Vegetation index 

(NDVI) stretched to 8-

bit.

0 (low)            255 (high)

3.3 Apply Algorithms (continued)
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Landsat TM5 Tokyo (Hanno)

-1 (low)            +1 (high)



cloud

3.3 Apply Algorithms (continued)
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(c) Surface Temperature 

Some satellites carry thermal sensors. For example, Landsat TM/ETM, NOAA AVHRR

ASTER, MODIS, etc.

Thermal band records thermal emissive from the land surface objects. This band is 

good to study between surface temperature (Ts) and other land covers. For example, some 

researchers use surface temperature an NDVI to classify the land use land cover.

Thermal band spatial resolution is normally coarser than other bands because temperature

does not change very well within the small area. Example: Landsat ETM thermal band 

spatial resolution is 60m compares to other bands (30m).

Landsat ETM Thermal Band 6 (Low gain) Landsat ETM Thermal Band 6 (High gain)

Mt. TsukubaMt. Tsukuba

3.3 Apply Algorithms (continued)
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Forest         Urban(mixed)        Bare land     

NDVI Ts

maxmax

min min

NDVI vs. Ts
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Tsukuba City surface temperature map generated from 

Landsat TM5 satellite acquired by 1987-05-21, 

11:00AM  Local Time (JST)

Step1. Conversion of the Digital Number (DN) to 

Spectral Radiance (L)

L = LMIN + (LMAX - LMIN) * DN / 255

Where

L = Spectral radiance 

LMIN = 1.238 (Spectral radiance of  DN value 1)

LMAX = 15.600 (Spectral radiance of  DN value 255)

DN = Digital Number

Step2. Conversion of Spectral Radiance to 

Temperature in Kelvin

Where 

K1= Calibration Constant 1 (607.76)

K2 = Calibration Constant 2 (1260.56)

TB = Surface Temperature

Step3. Conversion of Kelvin to Celsius

TB = TB -273

ö
÷

õ
æ
ç

å
+

=

1ln 1

2

L

K

K
TB   

3.3 Apply Algorithms (continued)
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3.4 Multi -spectral Classification

Multi -spectral Classification

Unsupervised 
Classification

Supervised 
Classification

Multi -spectral Classification

The process of assigning individual pixels of an image to categories, generally on the 

basis of spectral reflectance characteristics. Two kinds of multi-spectral classifications.

Unsupervised Classification

Digital information extraction technique in which the computer assigns pixels 

to categories with no instructions from the operator. Also known as Isodata Classification.

Supervised Classification

Digital-information extraction technique in which the operator provides training-site 

information that the computer uses to assign pixels to categories. 

Computer oriented User oriented
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Unsupervised Classification (ERDAS Imagine Approach)

1

2

3

4

5

Insert classify image

Give out put file name

Set numbers of classes

Set Maximum iteration

Click OK to start to classify

Unsupervised classification is sometime use to know general clustered 
information from the image.

3.4 Multi -spectral Classification (continued)
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Supervised Classification (ERDAS Imagine Approach)

Signature:

Any characteristic or series of characteristics by which a material or object may be 

recognized in an image, photo, or data set. 

Workflow
Select training region

Calculate region statistics

Evaluate the class

Do again for other classes

Setup classification rule

Start to classify

Draw polygon on an image

Compare signature statistics with other classes

-Avoid overlapping each other (signature separation)

Evaluate the selected class (pre-view)

Do again for other land use classes same as above

Setup classification rule 

(e.g. Maximum Likelihood Classifier)

Start to classify an image

Signature 

collection steps

3.4 Multi -spectral classification (continued)
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Step 1 : Select training region

Training region or signature Signature Collection Tool

Step 2: Calculate region statistics

Forest

Urban Dense

Step 3: Evaluate the class Step 4: Do for other classes



Step 5: Setup classification rule Step 6: Start to classify

Land use land cover is commonly used in spatial

data modeling processessuch as Hydrological

Modeling, Soil Erosion and Land Degradation,

Monitoring of Deforestation Process,Land Use

Changes,etc.
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