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Preface

RemoteSensingdatais oneof the primary datasourcesn GIS analysis The objectiveof
this material is to provide fundamentalsof Remote Sensing technology and its
applicationsin Geographicalnformation Systemsto undergraduatstudentsandthe one
who wantsto studyaboutRemoteSensingechnologyby visually (Readlesslearnmore)

However,RemoteSensingtechnologyhad beenwell establishedor severaldecadesnd
still booming Handling and interpretationof remotesensingdatawill neverbe easy It
requires additional practical works and digital image processingknowledge It is
impossibleto coverall topicsin here So, herel provide additionallearninginformation
andotheronlineresourcesvhichwerelistedin AppendixA for furtherinterestedstudents
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Ko Ko Lwin

Division of SpatiallnformationScience
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Part I: Fundamentals of Remote Sensing




1. Remote Sensing Overview

1.1 Definition

What is Remote Sensing?lf you are reading this
sentencenow you are doing RemoteSensing In ‘%
fact, any information acquiredfrom the object IS

without touchingis RemoteSensing Following
is a scientificdefinition of RemoteSensing

The scienceof acquiring information about the
earth usinginstrumentswhich are remoteto the
earth'ssurface,usually from aircraft or satellites
Instrumentsmay use visible light, infrared or
radarto obtain data Remotesensingoffers the
ability to observeandcollect datafor largeareas
relatively quickly, andis an importantsourceof © 2008 el Clegl
datafor GIS. (Source digimap)
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1.2 Remote Sensin@nd GIS Work Flow

K Platform (satellite) DATA ACQUISITION \

Data transmission

Sun Ground receiving station &
. data warehouse

Solar radiation from
the sun

Earth

\ Example in optical Remote Sensing

DATA PROCESSING & ANALYSIS \ (D

Atmospheric correction
Radiometric correction
Geometric correction

Spatial data modeling along Algorithm development

etc.
k with other GIS dataset Multi -spectral classification e/ \ ej

© 2008 Ko Ko Lwin
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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
recorded and displayed as either numerical data or an image.

One platform can carry more than
one sensor. For example:

Landsat TM Thematic Mapper
(Passive: Optical sensor)
Landsat ETM Enhanced Thematic Mapper
(Passive: Optical sensor)
ALOS PRISM (Passive: Optical sensor)

AVNIR2 (PassiveOptical sensor)
PALSAR (Active: Microwave sensqr)




1.4 Types of Remote Sensing

Passive Remote Sensing and Active Remote Sensing

PassiveRemoteSensing Active Remote Sensing

Remote sensing of energy naturally Remotesensingmethodsthat provide

reflectedor radiatedrom theterrain their own source of electromagnetic
radiation to illuminate the terrain
Radarns oneexample

Own energy source

"

© 2008 Ko Ko Lwin
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1.5Multistage RemoteSensing Data Collection

Satellite based remote sensing

°

Advantagesl ess geometric errors (platform is stable% -

DisadvantagedNeed to wait a time for certain event
Fixed spatial resolution

Aerial surveying
AdvantagesAcquire any times any events _‘_\&
Variable spatial resolution by M
changing flight altitude and camera focal length
DisadvantagedHigh 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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1.6 Stereo Pair Remote Sensing Data Collection
Somesatellitescapableo acquiresteregpair imagesthatcanbe achievedvhen
two imagesof the sameareaareacquiredon differentdaysfrom differentorbits,
onetakenEastof theother(i.e., Eastor Westof the nadir). Forthisto occur,there
mustbe significantdifferencesn theinclinationangles

Stereo Pair Imageq

!
Different days from different orbits$ Onboard two or more inclined sensors
e. g. | KONOSds ploi|&9 SPOT5, ALOS PRISM (Panchromatic Remote
sensing Instrument for Stereo Mapping)

=1 oy ALOS PRISM S
- ) Forward

Nadir
Backward

DEM Digital Elevation Model can be
generated from stereo pairimages by using
Photogrammetric technology.

\ Swath width : 35Km

J




1.7Types and Uses of Satellites

Types of satellites can be classified by their orbit characteristics.
Typel: Low Earth Orbits/Satellites: Normally used in spy satellite (Military purposes)
Type2: Sunsynchronous 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 suaynchronous orbit.

Examples

I
I

Landsat TM/ETM
SPOT

ALOS

IKONOS
QuickBird

> " | “~, Earthrotation =

-y .
\lf

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.

Earth rotation
o — <:§‘\
—’,
" Satellite orbit

AFixed position on specific location

ASame speed as earth rotation speed
AWide area coverage

AEspecially designed for weather monitoring

13 j
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2. Remote Sensing Data Acquisition
2.1ElectromagneticWavesUsedin RemoteSensing
Electromagnetic spectrum
R (infrared)
1014 1012 108 106 104 1072 1 (wavelength in meter)
400 500 600 700 (wavelength in nanometer)
B Optical remote sensing (Passive Remote Sensing)
BN \icrowave remote sensing (Active Remote Sensing)
© 2008 Ko Ko Lwin 14




2.2Properties of ElectromagneticWaves

Incident ener : . :
& Use in Passive Remote Sensing

," Emitted energy
I (Emitted by substance;
‘. e.g.Surface Temperature)

Reflected energy

]
Absorbed energy | Transmitted energy
or Refracted energy

© 2008 Ko Ko Lwin
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2.3 Spectral Reflectance and Earth Surface Interaction

Spectral reflectan@nd earth surface interaction
70
60 .
Reflectance form soll
50 SUPTTTL b .“ .0.‘.“‘
g . il “- 0: B
8 40 et R |
c | — ¢+ [ g1 001 01 @ @@ | asuds ay,
4‘5 “"“
§ 30 ““““
e 20 [ Reflectance form vegetation
10
0 Reflectance form water
0.5 0.7 0.9 1.1 1.3 15 1.7 1.9 23 2.5
; wavelength
BGR (VISIBLE) N-IR (Near-Infrared M-IR (Mid -Infrared) in mm
Water N-IR (Near -Infrared) Blue (Visible)
Vegetation M-IR (Mid -Infrared) N-IR (Near-Infrared)
Saoll Blue (Visible) M-IR (Mid -Infrared)
16
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2.4 Multi -spectral Remote Sensing Data (Image) © 2008 Ko Ko Lwin -~

AComposed with more than one spectral band and each band represents specific wavelengfh
AExample in Landsat TM (Tot&l bands, Ban® Thermal band omitted in here)

| VISIBLE _ N-IR
B1 B2 BB B4
70
60 Reflectange fof e
X - -
Q 50 /]
C .
-icg ‘-"“
8] 40 s
Q “““
) B N T
o 30 “,.--‘\' [ effettance for
20 \
\ AN
10 \

< o§ >
] ‘ g .
b Ny | B T
\ ';) : ] \‘)' & 3 v".. 3 L x
\—k . LN \ ¢ Wt N \

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

Example in Landsat TM/ETM (Band 6 omitted)

Band 1 : Blue (0.450 ~ 0.515 nm) Band 2 : Green (0.525 ~ 0.605 mm)

Y

Band 4 : Near-Infrared(0.750 ~0.900 nm) Band 5 : Mid-Infrared (1.550 ~ 1.750 nm) Band 7 : Mid-Infrared (2.090 ~2.350 nm)
© 2008Ko Ko Lwin
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2.5 Spectral Properties and Principal Applications

Example in Landsat TM/ETM

Band

Wavelength fmm)

Principal applications

B-1

0.45- 0.52 (Blue)

This band is useful for mapping coastal water areas
differentiatingbetweensoil andvegetationforesttype mapping,
anddetectingculturalfeatures

B-2

0.52- 0.60 (Green)

This band correspondsto the green reflectance of healthy
vegetationAlso 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 (Neainfrared)

This bandis especiallyresponsiveto the amountof vegetation
biomasspresentin a scene It is useful for crop identification
andemphasizesoil/cropandland/watercontrasts

B-5

1.55-1.75 (Mid-Infrared )

This bandis sensitiveto the amountof waterin plants,whichis
usefulin crop droughtstudiesandin planthealthanalysesThis
is also one of the few bandsthat can be usedto discriminate
betweerclouds,snow,andice.

B-6

10.4- 12.5 (Thermal Infrared)

This bandis usefulfor vegetationandcrop stressdetection heat
intensity, insecticide applications, and for locating thermal
pollution. It canalsobeusedto locategeothermahctivity.

B-7

2.08- 2.35 (Mid-Infrared)

This bandis importantfor the discriminationof geologicrock
type andsoil boundariesaswell assoil andvegetatiormoisture
content

19




2.6 Spectral Reflectance to DN (Digital Number)

In fact, remotesensingdatais convertingof spectralreflectancevalueto digital number
(DN) known asa pixel. Eachspectralwavelengthrepresentsasa singlelayerin remote
sensingdatacalledin B a rodidC h a n Thenhorebandsor channelgpresentthe more
spectrabropertiesn remotesensingdata

Low DN A Darker

A 19 13| 17 18] 18] 18] 18] 18] gl el 18| 18] 1&
g1 19] 19| 18] 18] 18] 18] 17 18] 18] 18 16
ga| 43| 26] 20| 18] 18] 18 17| 18] 18] 17 18[\a
FIEE =4zl 27| 21| 18] 7] 18] 17| 18] 18] 17] W
£ 70| 66 \Q‘ 1| 19| \e| 17| 12] 18] 18] 17| 7=
65/ 66| £5] ea| 7o\ &5 2a] AW 1a] 1a] 18] 17| 12)/1a
53l 51| B6| E5 55\’ Be| 45| 20| ™ 19 gl 19
g2\ 62| 62| 64| 51) 31] 18] =] 18] 20] 20] 18] 19] 19
T \5‘ 50| 37| M| ;| 22| 24| 28] | 22| 20 M o
46| Fapel—at 21| 23] 28] s1] s2| 48] s3] 29] 42] s
24| 22| 22| 28] #1] 27| =0| 63| &7 74| 73| e4]| 74| a3
a0] 30| 48] eo| es| s8] 7o 74| sn| 75| 71| 78| e4] &1
62| 75| 76| 74| 67| 76| es| 1] e5] 74| 71| =2 &3] v

High DN A Brighter

© 2008 Ko Ko Lwin -
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2.7 Structure of Remote Sensing Dat@xample in Landsat TM

Blue (0.45 ~ 0.52nm)

Green (0.52 ~0.60mm)

Red (0.63 ~0.69mm)
Near-Infrared(0.76 ~ 0.90rmm)
Mid-Infrared (1.55 ~ 1.75nmm)
Thermal-Infrared (10.40 ~ 12.50mm)

Mid-Infrared (2.08 ~ 2.35mm)

© 2008Ko Ko Lwin

30m x 30m
8-bit(0~256)

5965 lines

6167 pixels per line (apprgc 185Km)

band 2 Image

band 3 Image

oe Tl L 2 band 4 Image

Total 7 bands

FOV Field Of View
15.#

1 705Km

¢
Nadir-point

~ 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 ca
detected.

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

2~ e AR B2 5T T/ . < / . 2
= (7 al 3 1 o - . / o= 3
= =, ; ; g B ‘ T Eae & >
o = / d . d 2
£ ; 207 5 e :
g - / ~ » - -
5 (720 o { o o ¥
¥ z £ g -
Ll
4 3
.
.
<

L

N Tl »
N i M

Landsat TM 30m x 30m QuickBird 67cm x 67cm

N
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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, et¢.

Wavelengthinmm 04 05 06 07 10 13 2.0 30 40 50 60 7.0 80 90 100 110 120 130 140

| | | |
I I I I I I I I I I I I I I

band
VISIBLE NEAR IR MID - IR

sensor

NOAA AVHRR

Landsat TM/ETM 1213 E|
QuickBird/IKONOS 1l2] 3

23 j




(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 revis
period of a satellite sensor is usually several days except Geostationary satellites.

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

16 days for
next orbit at
same place

LandsatETM — LandsatETM




(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 compute

programs do not support-hit, so it will convert to 1ébit.

8-bit : 22 = 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.)

16-bit

25 j




3. Remote Sensing Data Processing and Analysis
3.1 Remote Sensing Data Prprocessing
(a) Atmospheric correction

(b) Radiometric correction
(c) Geometric correction

However,mostremote 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.




(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)

27




3.2 Visual Interpretation (Band combination)

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

¢
&

T . " ra  Example:

RGB 321 in Landsat
TM/ETM givesnatural
color. Assignband3 to

red channel,band?2 to

green channel and
band1l to blue channel
in computerdisplay

To see landscape in
realistic view.

C
. e Y

Landsat TM5 Tokyo (Ashikaga, Isezaki)

28 )




3.2 Visual Interpretation (Band combination)continued

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 soll,
vegetation and water.

T
i’*ht: G ?!?\- A i
st SR S E R

o (Ashikaga, Isezaki)
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3.2Visual Interpretation (Band combination) continued

e

253 Y S

Landsat TM5 Tokyo (Ashikaga, Isezaki)

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.

30 j




3.2 Visual Interpretation (Band combination)continued

Example:

RGB 541 in Landsat
TM/ETM gives false
color. Assignband5 to

red channel,band4 to

green channel and
band1l to blue channel
in computerdisplay

To assess water
guality. Turbid water
gives bright blue and
clear water gives dark
blue.

31




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

General formula NDVI = (Infraredi Red) / (Infrared + Red)
The value is between +1 (vigor)-% (stress)

NOAA AVHRR NDVI = (B27i B1) /(B2 + B1)

Landsat TM/ETM NDVI = (B47i B3) /(B4 + B3)

IKONOS/QuickBird NDVI = (B47i B3) /(B4 + B3)

(b) NBR (Normalized Burn Ratio)

Landsat TM/ETM NBR = (B4i B7)/ (B4 + B7)
These two bands provide the best contrast betpketosyntheticaljhealthy and burned
vegetation (Howard et al. 2002). )

d
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3.3 Apply Algorithms (continued)

."v‘/ " > Z

S

Landsat TM5 Tokyo (Hanno

Example:

Vegetation index
(NDVI) stretched to 8
bit.

-1 (low) 4 (high)
0 (low) 255 (high)
33
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3.3 Apply Algorithms (continued)

Index High

N Low Scale

10

Kilometars

34



3.3 Apply Algorithms (continued)

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

spatial resolution is 60m compares to other bands (30m). © 2008 Ko Ko lwin
e "’?* d;;, e %, max max
4 g Mf;":i'sukuba o Mt. Tsukuba
. ! NDVI Ts
¥
\ min min
7 AL ,. % i Nﬁ Forest Urban(mixed) Bare Ianil

\_ Landsat ETM Thermal Band 6 (Low gain)  Landsat ETM Thermal Band 6 (High gain) NDVI vs. Ts )




3.3 Apply Algorithms (continued)

SURFACE TEMPERATURE MAP
GENERATED FROM LANDSAT TM 5

Temperature (°C)

Temperature.img
<VALUE>
| RERE
B 1920
20-21
B 2122
B 222
B 23-24
[ 24-25
[ ]2s2e
[ J2s27
[ J2r28
[ J2829
[ 20-30
[ 3031
B 3132
B 32-33
B 3334
B 3435
B 35-36
B 3637

© 2008Ko Ko Lwin
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Stepl. 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

TB = o':(z =~

Inge—1+18

C L =
Where

K,= Calibration Constant 1 (607.76)
K, = Calibration Constant 2 (1260.56)
Tg = Surface Temperature

Step3. Conversion of Kelvin to Celsius

Tsukuba City surface temperature map generated fror
Landsat TM5 satellite acquired by 198%-21,
11:00AM Local Time (JST)

n

36 j
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3.4 Multi-spectral Classification

Multi -spectral Classification

Unsupervised Supervised
Classification Classification
Computer oriented User oriented

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-spéttral 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 Classificat

Supervised Classification
Digital-information extraction technique in which the operator provides trasitag
information that the computer uses to assign pixels to categories.




3.4 Multi-spectral Classification(continued)

Unsupervised Classification (ERDASmaagine Approach)

|£r'_{ Unsupervised Classification (Isodata) @

Input Raster File: [*.ima)

Insert classify image (@ [0 =] |

[v Output Cluster Layer [ Output Signature Set

8

Filenarme: [*.ima]

Give out put file name @) [ =| ]

Cluztering O ptions:

8

(* |nitialize from Statistics O Use Signature Means

Set numbers of classes 9—» Mumber of Classes: |10 =]
Initializing Ophions. . | Color Scheme Options...

Processing Dptions:

. . . . ) " Skip Factars:
Set Maximum Iteration o_. b airnum [berations: 50 3
Corvergence Threshald: | 0.3320 3: ~ | 1 EI
i | 1 EI

[ Classify zeros

Click OK to start to classify Q—i Ok ] _Bach | 400 | Cacel | Hep |

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

38
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3.4 Multi -spectral classification(continued)

Supervised Classification (ERDASmagine 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

Signature
collection steps

== Select training region

|

Calculate region statistics

I

Evaluate the class

Y

=== Do again for other classes

Y

Setup classification rule

v

Start to classify

Draw polygon on an image
Compare signature statistics with other classes
-Avoid overlapping each other (signature separation)

Evaluate the selected class (piew)

Do again for other land use classes same as above

Setup classification rule
(e.g. Maximum Likelihood Classifier)

Start to classify an image




Step 1 : Select training region

MEHELRSFE F B

i
K

g @l Mm@ Ao FE o5

A 0

C@HHEAET E P
&0+ 0

iB

& Wi U

e

Step 2: Calculate region statistics

[*# Statistics (Urban Dense) =l =
Univariate
Laver || Minmum | Masimum hhean Std. Dev.
1 5,000 101.000 4161 271
2 7,000 57.000] 7.032 789
3 92,000 723000 106731 546
4 54,000 76,000 2430 238
5 113.000 168.000 194736 0804
5 50,000 120000 101.806 37
Covariance™
Laver 1 2 3 1 5 3
1 1070 ] 17.72 ES] 164 12308
2 9321 14358 25 7 583 14582
3 17923 22574 824 510 205 33561
4 6.354 747 1651 10.487 21.2%, 12562
5 15164 23583 52205 21,295 116730 756
5 12303 14532 33567 552 ] 54413
il
(] P e e A e = e

. l . —— Forest

<«— Urban Dense

"% Signature Editor (No File)
¢/ File Edit View Evaluate Feature Classify Help

=)

B O b+ =L T WMIg ¥V A
Class # || > Signature Mame Color Red Green Blue | %alug | Orde =«
‘w/ater 0.000 0.000 1.000 1
Bareland 1.000 0714 0.757 2
»|Clazz 1 0.000 1.000 0.000 3




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

m Supervised Classification ==

Output File: [*.img] [ Output Digtance File

| Supervized] Ozlazs.img =
Attribute Optioks. . | | =4

| Fuzzy Classification 2 EI Best Clazzes Per Pixel

Decizion Fules:

Mon-parametric Fule: Parallelepiped

Overlap Rule: |F'arametriu: Fule ﬂ
Unclassified Rule: |F'arametriu: Rule ﬂ
Parametric: Fule: |I'--1-a:-cimum Likelihood j
| Classify zeros | Use Probabilities

ok | Bach | a0l | Cancel | Hep |

Land use land cover is commonly usedin spatial
data modeling processessuch as Hydrological
Modeling, Soil Erosion and Land Degradation,
Monitoring of Deforestation Process,Land Use
Changesetc




