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Goals

Explore “information extraction” from
remotely sensed data

— Look at one of the most popular NASA datasets —
MODIS

— Learn about the GLIDER tool
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Remote Sensing Process

* Definition — systematic data collection and
analysis procedures used for Earth Science

application
* Focus on analysis —information extraction!

UAHuntsville



Remote Sensing Data: Basics

A sensor is measuring electromagnetic radiance L

L=7Q.s,,..1,0,P,Q)

Wavelength or Frequency

Location and size

Temporal information —when and how often
Angles that describe geometric relationships
Polarization

Radiometric resolution
UAHuntsville



MODIS — Level 1

MODIS Retlected Solar Bands

Primary Use Band Bandwidth Spectral Required SNR
No. (nm) Radiance

250 M N Land/Cloud 1" 620-670 218 128
- -—___Boundaries 2* 841-876 24.7 201
/ Land/Cloud < 459-479 35.3 243
Properties 4 545-565 290 228

500 M 5* 1230-1250 5.4 74
6" 1828-1652 7.3 275

\ 7° 2105-2155 1.0 110

Ocean Color/ 8 405-420 449 880

Phytoplankton/ 9 438-448 419 838
Biogeochemistry 10 483-4S3 32.1 802

11 526-536 279 754

12 546-556 21.0 750

13 B662-672 9.5 910
14 B673-683 B.7 1087

15 743-753 10.2 586

16 B862-877 6.2 516

Atmosphenc 17 B890-920 10.0 167

Water Vapor 18 931-941 3.6 57

19 915-965 150 250

* 500m Spatial Resolution Spectral Radiance values are in W/m*2-um-ss
** 250m Spatial Resolution SNR = Sanal-lo-noise ratio

Radiances are converted to reflectances



Primary Use

Surface/Cloud
Temperature

Almospheric
Temperature

Cirrus Clouds
Water VVapor

Ozone

Surface/Cloud
Temperature

Cloud Top
Altitude

MODIS — Level 1

MODIS Thermal Bands

Band

20
21
22
23

24
25

26
27
28
29

30

31
32

33
34
35
36

Bandwidth
(p1m)

3.660-3.840
3.929-3.989
3.929-3.989
4.020-4.080

4.433-4.498
4.482-4 549

1.360-1.390
6.535-6.895
7A75-7.475
8.400-8.700

9.580-9.880

10.780-11.280
11.770-12.270

13.185-13.485
13.485-13.785
13.785-14.085
14.085-14.385

Spectral Radiance values are in W/m*2-um-sr
NEDT = Noise-equivalent temperature difference

Radiances are converted to temperature.

Spectral
Radiance

0.45(300K)
2.3B8(335K)
0.67(300K)
0.79(300K)

0.17(250K)
0.59(275K)

6.00

1.16(240K)
2.18(250K)
9.58(300K)

3.69(2350K)

9.55(300K)
8.84(300K)

4.52(260K)
3.76(250K)
3.11(240K)
2.08(220K)

Required NEDT
(K)

0.05
2.00
0.07
0.07

0.25
025

150 (SNR)
0.25
0.25
0.05

0.25

0.05
0.05

0.25
025
025
035



Remote Sensing Data Analysis

Radiometric Correction of Remote Sensor Data
— Noise, error removal, calibration
Geometric Correction of Remote Sensor Data

— Map projections, Geographic Coordinate System

Image Enhancement
— Contrast stretching, Spatial/Frequency Filters, PCA

Information Extraction
— Parametric/Non parametric - classifiers
— Heuristic based - indices

UAHuntsville



GLIDER - motivation

e Software tools that allow users to visualize,
analyze and mine satellite imagery are
currently limited.

* Available commercial packages are expensive.

* None of these packages provide all the GLIDER
features

UAHuntsville



GLIDER Features

Visualize and analyze satellite data in its native
sensor view.

Apply different image processing algorithms on the
satellite data.

Apply different pattern recognition/data mining
algorithms on the satellite data.

Project satellite data and analysis/mining results
onto a globe and overlay additional layers.

Provides multiple views to manage, visualize, and
analyze satellite data.

UAHuntsville



GLIDER is using:

* ADaM
— ADaM (Algorithm Development and Mining) toolkit

— Contains 140+ image processing, pattern recognition and machine
learning algorithms

* IVICS

— Interactive Visualizer and Image Classifier for Satellites (IVICS)

— Provides capability to visualize satellite imagery and select samples for
supervised classification

e World Wind

— Project satellite data and analysis/mining results onto a globe and
overlay additional layers

UAHuntsville



GLIDER Views:
Project Explorer

ile Help

. Explorer Pl \MODIS\MODOZlKM.A2000057.1140.005.2006151035054.FSBayes‘gsf.9Id = =T

4 =% GOES Date: 11/26/2009 33
|5 AREA1339_1.gsf.gld DOY: 57

4 = MODIS Glider file version 1

m

Data Type: MODIS

Satellite number 0

Satellite altitude (m) 705.0

Base spatial resolution (m) 1000.0
Base number of pixels 1354

Base number of lines 2030

Starting lat/lon (41.132072,-20.679613) (37.242584,6.065048)
Ending lat/lon (23.129547,-23.023266) (19.8812,-0.77841306)
Comment Modis dataChannel 0: 1 [0.6450p]
Comment: Reflectance scaled 0 to 1
Short (scaled)

Units: Reflectance (0-1)

Scaling: Max 1.0 Min 0.0
Wavelength: 0.645

Spatial resolution (m): 1000.0
Number of Pixels 1354

Number of Lines 2030

Channel 1: 2 [0.8580p]

Comment: Reflectance scaled 0 to 1
Short (scaled)

Units: Reflectance (0-1)

Scaling: Max 1.0 Min 0.0
Wavelength: 0.858

Spatial resolution (m): 1000.0
Number of Pixels 1354

Number of Lines 2030

Channel 2: 3 [0.4690p]

Comment: Reflectance scaled 0 to 1
Short (scaled)

Units: Reflectance (0-1)

Scaling: Max 1.0 Min 0.0
Wavelength: 0.469

Spatial resolution (m): 1000.0
Number of Pixels 1354

Number of Lines 2030

Channel 3: 4 [0.5550p]

Comment: Reflectance scaled 0 to 1
Short (scaled)

Units: Reflectance (0-1)

Scaling: Max 1.0 Min 0.0
Wavelength: 0.555

Spatial resolution (m): 1000.0
Number of Pixels 1354

|5 MOD021KM.A2000057.1140.005.2006251035054.FSBayes.gsf.gld
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GLIDER Views:
Image Analysis View

) GLIDER
File

Help
=3 M0p021K.42000057:1140.005.2006 251035054 FsBayes.gsfgld £ = 01| €) channel Editor 52 | =

File Help Histogram Scatter Plot Transect Profile Channel Editor World Wind View  Algorithms v 0) 1[0.6450p]

: - — m— > ; 1l |1 2[085804) H
T Explorer ¥ ol s R ’ 2) 3[0.46904] =
4 = GOES % 3 ’ 3) 4[0.55501]
2 4)  5[1.2400u]
|=] AREA1339.1/ 5) 6[1.6400u]
4 = MODIS

6) 7[21300u]
7) 8[0.41204]
8) 9[0.4430y]
9) 10([0.4880u] -

[ MOD021KM|

Select layer edit mode
© RGB ©) Grayscale

Apply Reset

Red G [
1[0.64500]

Minimum Scale Value:  0.000

<lal »
Maximum Scale Value: 255.000
< (™ B

[CIFlip [7]Equalize

olution (m): 1000.0
Pixels 1354

AHuntsville
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Image Analysis Features

Choose a band group (unit) : Temperature (Degree Kehin)

J W
]
M

Intensity

u
5 W

Temperature (DegreeKelvin)

250

150

200



Clustering Algorithm Example

0) 1[06450u)
[0.8580u]

3 [0.46904

4 [D.5550y]

4) 5[1.26004)
5) 6 [1.6800y)
6) 7[21300y]

¥ Normalaze channels (linear 0->1)

ITSC_KMesns is & program that performs K-mesns dustering on esch
nput pattem set. It will produce a set of duster centers and also an
assignment for each pattern in the input pattemn set.

KMeansOutputFileName kmesns

ClustersOutputFileName Icmems_cl:ﬂ

m

Console
Program output

Window

@ GuDER
File Help

<0 anmmsuo« 2 =
0) 1]0645y) -
1) 2 [0.8580u) 3
2) 3 104680u) 3
3)  4]0.555y)
4)  5]1.2400u)
5) 6 [1.6400u)
6) 7 [21300y)
7) 8[04120u)
&) 910.4430y)
9) 10 j0.4880y) -

Select layer edit mode

@ RGB Grayscale

Red Green | Blue

Red | 1105450
Minimum Scale Value: 0000
‘. »

Maamum Scale Value :  255.000

. »

Fip Equalize

UAHuntsville



GLIDER Views:
Earth View

@ GLDER
File Help

@ Earth View 52|

@ GLDER ‘ EUROPE
File Help

MOD021KM.A200005;

@ GLDER i

File Help

1 Explorer

Il 4 & coes
5] AREA1339.1)

4 =% MODIS

=) MODO021KM,|

Aftitude 3,536 km Lat 52.187

ial resolution (m): 1000.0

ber of Pixels 1354 umuntsw le
TRr amivrasily SLABAMA IM mUNTaRILY




@ GLDER
File Help

| ® Earth View &3

@ GLDER
File Help

‘ﬁ Explorer|
| 4w cog

=
| « = Mol

| @ GLDER

File Help

MODO;

Aftitude 3,536 km

= GLIDER
File Edit Tools Help
rile @ :
‘Workflow  File

Component  Help

Add Node Remove Node

Connect/Disconnect

GLIDER Views:
Workflow Composer

By

Auto Complete Connections

Component List

Workflow |

(=-Components
(=-System Components
Input
Qutput
Const
Memo
Split
Merge
T
Endif

gsf_to_glider.wsdl
ImageProcessing.wsd|
Optimization.wsdl
PatternRecognition.wsdl
Texture.wsdl

Utiliey wsdl

=C:\Documents and Settingsrramachandran

< >

lassAttributefame

ITSC_RemoveAttributes_InputFileName
Config

PatternRecognitionPT:ITSC_RemoveAttributes

YYYYYY

ITSC_Removedttributes_OutputFileName
Config >
1T5C_f ibutes_i
Config >

ITSC_Removettributes_ClassAttributeName

Config

ITSC_RemoveAttributes_AttributeNamesToKeep
Config >

<

>
4
4
IT5C_Sample_NumberOFSamplesInEachClas: <
>

meOutputSetOne

»
C PatternRecognitionPT:1TSC_Sample
> »
»
M

Port Information | potification |

Component Information

Select a component from the Component
List.

rSelected Output Port

Selected Input Port

Lat 52.1876° Lon -0.5998° Elev 65 meters

SToTe (scateq)

Units: Reflectance (0-1)
Scaling: Max1.0 Min 0.0
Wavelength: 0.555

Spatial resolution (m): 1000.0
Number of Pixels 1354

UAHuntsville



Learning Modules

* Module 1: “Midnight Oil”

— Look at the Deepwater Horizon event

— Learn basic GLIDER functionality while playing with several MODIS data files
e Module 2: “Smoke on the Water”

— Learn how to create False color composites to visually separate features in
MODIS data [ Courtesy — Dr. Sundar Christopher, UAHuntsville]

e Module 3: “Dust in the wind”
— Learn how to use band math feature in GLIDER to create indices
— Use indices to detect dust

— Browse a journal article and then apply the results from the paper to detect
dust over china

 Module 4: “Ashes to Ashes” — Part 1
— Look at Ash/Steam Plume event from Iceland's Eyjafjallajoekull Volcano
— Learn how to subset imagery both spatially and spectrally
— Apply clustering algorithm to generate classification maps
 Module 5: “Ashes to Ashes” — Part 2
— Learn to construct a supervised classification process

— Learn how take training samples

— Create a mining recipe/workflow using visual programming

UAHuntsville
Pop Music Trivia — do you know what the titles of these modules refer to?



Learning Module 1

“Midnight Oil”
—Look at the Deepwater Horizon event

—Learn basic GLIDER functionality while
playing with several MODIS data files

UAHuntsville



Deepwater Horizon

Deepwater Horizon

The DEEPWATER HORIZON is a Reading & Bates Falcon RBSED design semi-submersible drilling unit capable of operating in harsh
environments and water depths up to 8,000 ft (upgradeable to 10,000 ft) using 18%in 15,000 psi BOP and 21in OD marine riser.

Rig Type 5th Generation
Deepwater

Design Reading & Bates Falcon
RBS-8D

Builder Hyundai Heavy
Industries Shipyard,
Ulsan, South Korea

Year Built 2001

AHuntsville
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Deepwater Horizon Event

e April 20: At around 10 p.m. a fire is reported
on the central time on the Deepwater
Horizon rig. Eleven workers are killed

e At least 20 million gallons have now spilled
into the Gulf of Mexico, affecting more than

70 miles (110km) of Louisiana's coastline.
DEEPWATER HORIZON RESPONSE

The Official Site of the Deepwater Horizon Unified Command
[Search.. Q]

Gulf of Mexico Oil Spill Response = LIV B |
Home  News/Info FAQ's  Area Plans Health and Safety Claims/Volunteers Current Ops. Mare Info
CONTACT: WILDLIFE (866) 557-1401 | OIL ON LAND / BOOM ISSUES (366) 448-5816 | TECH/ISUGGESTIONS 66-5511 | DAMAGE CLAIM (300) 440-0858

newstem'zumawine

FEATURED INFORMATION

New Effort to Collect; Review Oil Spill Response Solutions Announced ey ~o
karoup, newly established by the n E = f@@ &

ill, announced here Friday a new

pes ane venciors: REPORT INCIDENTS

_ FILE A CLAIM
N EWS P LVE ONE-MINUTE WORLD NEWS Open in Gulf and Other VOLUNTEER
‘ OILED WILDLIFE
Eastern today. The ch include the
it SUGGESTIONS

Page last updated at 20:49 GMT, Sunday, 30 May 2010 21:49 UK o8 ackled Iothe closure. The closed srea

News Front Page

P
‘}W E-mail this to a friend & Printable version
; Y LA

Gulf of Mexico oil leak 'worst US environment disaster’

Africa Live ROV
Americas The Gulf nf Mexirn nil <nill i< the ADVERTISEMENT EOCtagS

DRILLSHIP

REPOSITIONED
NEXTT0 BOP LRP CAP

P i 0:00/229 @ L2

» = View More Videos | YouTube | CG Visual Imagery

June 03, 2010 — As work cortinues to install the LMRP cap,

. this viden animation ilustrates how it will be connected to the
drilship riser, prepped, maneuvered into postion and installed
on top of the BOP stack.

Latest Information

June 04,2010
Secretary of Homeland Security; National
Incidant Cammandar Quhmit | attar ta

= View More Photos | Flickr | CG Visual Imagery



Setting Up a Project in GLIDER

B® Y . ProcessedSamples.arff ‘ . TestSa “ - Bg® Y ‘ [5) Processedsamples. arff
# = ESPhenomena @relation GLIDER_ Samples [ = ESPhenomena Brelation GLIDER
= New Project New Project
Select a wizard —> 000 Project ) h30:
v . . . . h31:
. o000 @ Project location directory must be specified
Create a new project resource [ |
Wizards: Project name: I TaiwanWorkshop ‘ o
type filker text 5
[ bl i } 2 [[] Use default location g
= 2 Location: [ \ [ Browse... ] 0.
5 e 3 0.
orking sets
4 . Browse For Folder 0.
0 [[J add proj 0.
. . Select the location directory. 0.
YOrking sety
: 0.
_ 0.
= & (2 Perl L) 0.
M () Personal 0.
& [ Posters and Brochures o.
" I2) Presentations 0.
6 = ) Projects 0.
(2 2007 = a.
v [ 2008 a.
4 £ 2009 0.
S = 2 2010 0.
5 = OfF 0.
(] BPOlISplII cel 0.
(22 DustStormChina 0.
< Back E File Edit Tools Help (2 Icelandvolcano o §23735 0.
P R b
S - ) ; = . . I 5 23323 0.
= 3 Y 2 : %2 [E] (] = 32105 0.
g & v :SPhenomena 37903 0.
Project Explorer ‘ = = [5] Processe | 36164 0.
=% ESPhenomena Brelaroder | (o [ cancel | R O
(= Modulet Battr
(= Module2 Battr
Battr
fattr
Battr
Battr
Bdata
0.
0. UAHuntsvi
- NRE Am e Rsilr Ur SLABAMA (N HERTSRILLY




onvert L1 HDF to GLD File

£~ GLIDER

File Edit Tools Help
e £

15 Do :
4 b A= ||

Project Explorer '

Testforwsdls2. xwf

‘ Baye:

l=* ESPhenomena
(=)= TaiwanWorkshop
== Modulet

| MOD021KM.A2010112.1645,005.2010
~| MOD021KM.A2010119,1655.005.2010
|2 MODD21KM.A2010137.1640,005.2010
: Ei MODOD21KM.A2010142,1700,005.2010
(= Modulez

(1
@@ Convert MODIS L2 Cloud Mask HDF to Glider
@@ Convert MODIS L2 Aerosol HDF to Glider
q Convert MODIS L1 HDF to Glider

MNew
g Import...
23 Export...
5| Copy
(B Paste
K Delete
xg
<Xg
<Xg
<

<Xgr:inputPort>
<Xgr:inputPort>
<xgr:controlInF

out

File

Edit Tools Help

Al =2 /

Testforwsdls2, xwk ‘ BayesClassificationFinal4.xwf &2

#-1=* ESPhenomena
(== TaiwanWorkshop
(= (= Modulel
~| MOD021KM.A2010112.1645,005.2010113013428.hdf
|=] MODD21KM.A2010112,1645.005,2010113013428.hdf.gld
= MODD21KM.A2010119,1655.005,2010120021943.hdf
|5 MOD021KM.A2010137.1640,005.2010138011841. hdf
i ~| MODO021KM.A2010142.1700.005.2010143013328.hdf
(& Modulez

<xgr:inputPort>UtilityPT_ITSC_ImageToGlider
<xgr:inputPort>UtilityPT_ITSC_ImageToGlider
<xgr:controlInPort>UtilityPT_ITSC_ImageToGl
<xgr:controlOutPort>UtilityPT_ITSC_ImageToG
<XQr:x>826</ Xgrix>

<Xgr:y>312</xgr:y>

<xgr:wsdl> #http://ws3.itsc.uah.edu/mws/gli
<xgr:portType>{http://ws3dev.itsc.uah.edu/U
<xgr:operation)ITSC_ImageToGlider<fxgr:oper

</ Xgr :node>

Progress Information

Sy

Converting MODIS file to GLIDER... </

er
JML:

Cancel Details =3

<xXgr:node Xgr:type="input'>
<xXgr:id>GliderHeaderOutputFileName</xgr:id>
<Xgr:name>GliderHeaderOutputFileName</ xgr:n

AHuntsyville
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Image View

e Open MOD021KM.A2010112.1645.005.2010113013428.hdf.gld
* Smoke from the fire is clearly visible

8 Edit Tools Help
e B

7] MOD021KM.A2010112,1645.005.2010113013428.hdf.ald &2

Sample ¥ Tools ~ Display ~ Window ~

File Edit Tools

Help
A=A = 8

ks

[ Project Explorer -

# 1= ESPhenomena
=I-1=F TaiwanWorkshop
=) (= Module1
| MOD021KM.A2010112.1645.005.2010113013428.hdf
MODO21KM.A2010 .005.20 1 0ddediag d
| MODOZ1KM.A2010119.1655.005.201 4 Open in Image View
MODO21KM.A2010119.1655.005.200  Mew ’
| MOD021KM.A2010137.1640,005.201 pxg Import. ..
| MODO21KM.A2010137.1640.005.201 |, /4 Export...
MODO21KM.A2010142.,1700.005.201
|51 MOD021kM.A2010142.1700.005.201
#- (= Module2

=| Copy Chrl+C

K Delete Delete

Displaying RGB
True Color




Apply Histogram Equalization

File Edit Tools Help

R =AY
] MOD021KM.A2010112,1645.005.2010113013428.hdf.ald &3 =0 Channel Editor &2 =08
Sample ¥ Tools ~ < 0) 1[0.6450] V-
1) 2 [0.85804]
0 3[0.46904]
) 4[0.55504]
) s[1.24004]

5} 6[1.64004]
6) 7 [2.13004]
7 8[0.41204]
8) 9 [0.44300]
9)  10[0.48800] v

Select layer edit mode

®RGB O Grayscale

Red | Green | Blue

1 [0.64504]

Minimum Scale Value : 0,000

< >
Maximum Scale Yalue : 255,000

< >
[CIrf6 [JEqualize

Check box for
Red, Green and
Blue

Pixel 1165, 1460 Region Size

UAHuntsville



Result

= GLIDER
File Edit Tools Help

FEX

=08 Q Channel Editor &2 =8
Sample ~ Tools v Display ~ Window ~ 0)  1[0.64500] N
- 1) 2 [0.85804] =
A 2) 3[0.46904] i‘
3)  4[0.55504]
4)  5[1.24004]
5)  6[1.64004]
6) 7 [2.13004]
7)  8[0.41200]
8)  9[0.44300] _
9) 10 [0.4880u]_ ~|
Select layer edit mode
®)RGE O Grayscale
Red | Green | Blue
3 [0.46901]
Minimum Scale Yalue : 0,000
&0 3
Maximum Scale Yalue : 255,000
& (]}
[CIFlip [¥]Equalize
Apply Reset

e from the
g fire!

|
[ Pixel 232,1462 Region Size |




roving Spatial Context

File Edit Tools Help

el
] MODO21KM. A2010112.1645.005.2010113013428.hdf.gld 53 = B || &) channelEdi .
o e o - e - g S €l€@CE EQrth View
. » @ Earth View o
} <& S process Status Tracker 3
A v, .y i = . i
= GLIDER
File Edit Tools Help
= |
B =
& Earth View 2 8

Tools ~

)

200K
LN i m
Altitude 4,352 km Lat 16.8382° 'lon -74.0103° Elev -3,332 meters




Oil Spill Image

* Open MOD021KM.A2010137.1640.005.2010138011841.hdf.gld, apply histogram equalization
*  Sunglintin this image makes the oil easily visible

= GLIDER

File Edit Tools Help
‘e x £ ‘il

7] MODD21KM.A2010137.1640,005,2010138011841.hdf.gld &3 |

= GLIDER

File Edit Tools Help
e

2 Earthview 53

e i , - UAH ill
[Attitude 1,412 km _Lat 25.5378° Lon -83.9 6 meters y untsv‘ e
N R N AR S TIPS ———S———————————.—sssssssimmmmmmsnnsrrmmmmmmmmmmrrrririrmmme BRE SR IrtaSiT? OF SLAGAMA 1% Wy Tseitd




DIY

* Open and visualize the other two gld files
* Change the order of the layers on Earth View

UAHuntsville



Learning Module 2

“Smoke on the Water”

—Learn how to create False color composites
to visually separate features in MODIS data

[Courtesy of Dr. Sundar Christopher,
UAHuntsville]

UAHuntsville



Color Composite

Yellow is a mix of red and green; orange is a
mix of more red and some green; white is an
equal mix of all three primaries, and black is

simply the absence of any colored light of any
wavelength

SO00o0



Spectral Signatures of Aerosols and Clouds

300FY  —e—sMOKE .
—=—CLOUD :

—&— SMOKE
—=— CLOUD

A —o— OCN

Temperature (K)
Reflectance

=

MODIS Wavelength (um) |
MODIS Wavelength (um)

Wavelengths of interest: 0.645um, 0.858 um,11.03 um

UAHuntsville



Image View

(== TaiwanWorkshop
¥ (= Module1
= Modulez
_ @ SMOKE-MODO0Z1KM.A2007131.1630,005,2007132025347 . hdf
|5 SMOKE-MODD21KM. 42007131, 1630.005,2007132025347 .hdf.gld

nwooanoo

(= Module3 p — =
- GLpm BES
File Edit Tools Help
e E| EE R4 BRI TR
£ SMOKE-MOD021KM. 42007131, 1630.005.2007132025347.heff.ad 23 = 5| €@) channel Editor 52 =0

Set Red . _645um (Bl)’ Sample ¥ Tools ~ Display ¥ ‘Window ¥ 29) 28 [7.33004] Al

30)  29[8.55004] q

. N5 5 it 3 JEF k! W~ 13y 309,730
Mark,Equalize N A Z _ o | o
Y e L & - Y A - 34 33 [13.3400p.
Set Green: 0.858 um ' :
(B2), Equalize

35) 34 [13.64004]
36) 35 [13.94004]
37) 36 [14.2400u]
Set Blue : 11.03 um
(B31), mark Equalize
and Flip

il

38) EY_Band26 [1.3750u] v

Select layer edit mode

®RGB O Grayscale

|Red | Green | Blue

Minimum Scale Value : 0,000
<3 £
Maximum Scale Yalue : 255,000
<l [
Flip []Equalize

Apply Reset

[ Pixel 294,369  Region Size |

Equalize is an image enhancement technique called histogram equalization and
flip inverts the infrared channel to make clouds look brighter than thé*aUH8&av"'e




Earth View

Altitude 6,354 km Lat 35.0837° Lon -108.7093° Elev 2,100 meters

— |
e & L
&3 =8

‘ Tools ~

500'Km




Learning Module 3

“Dust in the Wind”

—Learn how to use band math feature in GLIDER to create
indices

—Use indices to detect airborne dust

—Browse a journal article and then apply the results from the
paper to detect dust over china

UAHuntsville



484

NDDI - Qu et al, 2006

IEEE GEOSCIENCE AND REMOTE SENSING LETTERS, VOL. 3, NO. 4, OCTOBER 2006

Asian Dust Storm Monitoring Combining Terra
and Aqua MODIS SRB Measurements

John J. Qu, Member, IEEE, Xianjun Hao, Member, IEEE, Menas Kafatos, Member, IEEE, and Lingli Wang

o
o

e
'S

e
w

o
N

0.1}

Band3Band1Band2

Water Cloud
~—|ce Cloud

—— Urban-Residential
——Water

Reflectance
o
L4,

T

B'ands Bandé ‘ 'Band';
NDDI = (/)2.13;1111 - p0.469;1m)/( 2.13 pm + /)0.469;1111) (1)

The spectral characteristic of sand suggests that strong SDS
signals can be obtained using the difference between the
2.13-pm band signal, which is high, and the 0.469-pm band,
A where the signal is relatively much lower. This difference

distinguishes rather well between SDS and water or ice clouds.

SRB — Solar Reflectance Band
NDDI — Normalized Difference Dust Index

SDS — Sand and Dust Storms

12 14 16 18 2 22 24

Wavelength (Micrometer)

UAHuntsville



NDDI — Qu et al, 2006

Thresholds for detection:
CLOUDS: NDDI < 0.0
SURFACE FEATURES: NDDI < 0.28
DUST: NDDI > 0.28

Fig. 3. (a) Terra MODIS true-color image (3:40 UTC, March 27, 2004)
shows Asian dust storm over Northern China and Southern Mongolian regions.
(b) Terra MODIS NDDI image shows the clouds and dust storms. The cloud
and dust storm can be easily identified (for cloud NDDI < 0.0 and for dust

storm NDDI > 0.28).

UAHuntsville



Lets Try it Out!

Open MOD021KM.A2001096.0335.005.2008042073533.hdf.gld in Image View

=0

Sample ~ Tools ~ Display ~

Window ¥

Image Analysis »

Pattern Recognition  »
Utilities »

Histogram Equalization
Feature
Filtering

Quantize
Band Math Evaluator

Help

» 5l Bl @ | £ 2R TR

1KM.A2001096,0335.005,2008042073533.hdf.ald 2 ‘

=0

Band Math Evaluator X

Sample ¥ Tools ~

Display ~

Window ¥

Enter an expression :

¥

o

v,

| 1]

o]

1l

Pixel 11,2

Region Size |

L e

Variables used :

Bands available :

1 [0.64504]

2 [0.85801)

3 [0.46904]

4[0,55500]

5 [1.24004]

6 [1.64000]

7 [2.13004]

8 [0.41200]

9 [0.44304]

10 [0,4880p]
11 [0.53104]
12 [0.55104]
13lo [0.66704]
13hi [0,6670u]
14lo [0.6780u]

Bind variable to band

>

Al

Output file name :

] [Browse ]

® <0

~

Al




Enter a
Mathematical
expression

Bind bands to
the variables

1 Band Math Evaluator 22

Enter the NDDI formula

Enter an expression :

| (b7-b3)(b7+b3)

Expression :

Variables used :

Bands available :

0)  1[0.6450u]
1) 2 [0.8580

|

3)  4[0.5550u]

4)  5[1.2400]

5) 6 [1.6400u] B
6) 7 [2.1300y]

7 8[0.41204]

8)  9[0.4430]

9)  10[0.4880y]

10) 11 [0.53104]

1) 12 [0.55100]

12) 130 [0.66700]

13)  13hi [0.66700]

14)  14lo [0.67800] v

Bind variable to band

Output file name :

[ C:\MyFiles\Projects}2010\1 I [Browse]

[Run in Background] [Reset]

Band Math

Expression :

Bindings

Output

(b7-b3)/{b7+b3)

[b3 : 3 [0.4690u]]
[b7 : 7 [2.1300u]]

C:\MyFiles\Projects\2010\ TaiwanWorkshopiModule3142001096MDDI. gld

- 0][X]

[T

| [Run in Background] [Cancel]

UAHuntsville



=l l=F TaiwanWorkshop

Visualize Result in Image View and
Apply a Custom Color Map

|=| SMOKE-MODO0Z1KM.A2007131.1630.005.2007132025347 . h
|=| SMOKE-MODO021KM.A2007131.1630.005.2007132025347.h¢
(= Module3

|=| A2001096MDDI.gld

2 John_Qu_etal.pdf b ey
|=| MOD021KM.A2001096.0335.005.2008042073533. hdf

|=| MOD021KM.A2001096,0335.005,2008042073533.hdf.gld
|=| MOD021KM.A2010115.0545.005.2010115132350.hdf rf e & A=

= Select Display/Color Map
|5] MOD021KM.A2010115,0545.005.2010115132350.hdf.ald | 5 azo01098n00L.gld 52 el =

Sample ¥ Tools v Display ~ Window ~

£3 =08

Channels available :
0)  (b7-b3)(b7+b3)
40)  Latitude
41) Longitude

Look in: | £ Module3 ° Color bars | Lookup tables :
Temperature {180K-330K)
A B NDDILUT.Ext MODIS MOD35 Cloud mask LUT
Z Linear Autoscale Colorbar
.,/, Fixed range colorbar (0-100)
My Recent Reflectance (0-1)
Documents
Desktop
Load From file

w=l0ad external color table

Color  Label/Range

38

My Computer

\l) File name: NDDILUT tst
>
My Network Files of type: Text Files

Pixel 1121, 2 Region Size




Display Original and NDDI image on
Earth View

Toggle Layer On/Off
To visually inspect
how well NDDI works in

Detecting dust

500 Km

‘ \ i Tl
Altitude 8,767 km _Lat 56.36957 Lon 64294152 “Elev 101fmeters



DIY

* Apply NDDI using Band Math feature in
GLIDER to the other MODIS granule

UAHuntsville



Learning Module 4

“Ashes to Ashes” — Part 1

—Look at Ash/Steam Plume event from Iceland's
Eyjafjallajoekull Volcano

—Learn how to subset imagery both spatially and spectrally
—Apply clustering algorithm to generate classification maps

UAHuntsville



What is Cluster Analysis?

* Cluster: a collection of data objects
— Similar to one another within the same cluster

— Dissimilar to the objects in other clusters

e Cluster analysis

— Grouping a set of data objects into clusters

* Clustering is unsupervised classification: no
predefined classes

UAHuntsville

Source — Dr. John Rushing, ITSC/UAHuntsville



Similarity and Dissimilarity
Between Objects

e Distances are normally used to measure the similarity or

dissimilarity between two data objects

* Some popularo
; 1 — — q
d,j)=q (|xl,1 xj1| +|xl,

—x . T+ x, —x . |9
2 2 Ip  Jp

where 7= (X, X, ..., X;p) and j = (x;, Xy, ..., X;,) are two p-dimensional

data objects, and g is a positive integer

 Ifg=1,dis Manhattan distance

d(i,j)=\xl.1—x. +|x

i iz—xj2\+...+\xl. -X. |
D

Jp

UAHuntsville

Source — Dr. John Rushing, ITSC/UAHuntsville



Similarity and Dissimilarity
Between Objects (Cont.)

* Ifg=2,dis Euclidean distance:
ar(i,j)=\/(|xl,1 ~x Palx, —x Pl —x F)

Jp
— Properties
e d(i,j) =0
e d(i,i) =0 What should one look out for
. . when using distance
* d(i,j) = d(j,i) measures?

* d(ij) = d(i,k) + d(k,j)

* Also, one can use weighted distance, parametric
Pearson product moment correlation, or other
disimilarity measures UAHuntsville

Source — Dr. John Rushing, ITSC/UAHuntsville



The K-Means Clustering Method

* Given k, the k-means algorithm is implemented in
four steps:

— Partition objects into k nonempty subsets

— Compute seed points as the centroids of the clusters of
the current partition (the centroid is the center, i.e.,

mean point, of the cluster)

— Assign each object to the cluster with the nearest seed
point

— Go back to Step 2, stop when no more new assignment

UAHuntsville

Source — Dr. John Rushing, ITSC/UAHuntsville



The K-Means Clustering Method

* Example
o ) 10
9 : -\\
6 . /
7 6 T ™
6 —_— | . ] ¢\
5 H*‘t—‘ 4
. \
\ . Assign | ° \§\I_,J
. each 1 A ‘;
(JD\ NCNEN '\TN NCNCNEN DOb‘]eCts 0o 1. 2 3 4 5 6 7 8 9 10
00”10729 38”18”58 58" 14 5858 104 tO MOSL
similar T .
center reassign
K=2 I ’

o i [ N
Arbitrarily choose K ’ \ .
object as initial 2 >.>_< /e
cluster center ) v o—I ]

; ( 0 /,/

Source — Dr. John Rushing, ITSC/UAHuntsville

0

1

2 3 4 5 6 7 8 9 10

Update
the

cluster
means

«—

Update
the

cluster
means

N
R
9
A |/
7,
6 ‘("-\\
5 & 4
TN
) \ NN~/
D )
1
JNNNNRTRENN NN
%0 10”28”58 46 50 50 78 58 %8 108
l reassign
5 < 2
UAHuntsyville




Let’s Apply a Clustering Algorithm

e Goal — Create a thematic/classification map
using MODIS L1B data with three classes:
Clouds, Ash/Steam and Ocean

 Methodology:

— Subset the data both spatially and spectrally

— Apply K-Means with k=5 and let the algorithm find
groups in spectral feature space

— Assign semantic (3) classes to the 5 groups

UAHuntsville



Lets Apply a Clustering Algorithm

*Open MOD021KM.A2010105.1135.005.2010105201236.hdf.gld in Image View
and Earth View
* Locate the Ash/Steam in the image

UAHuntsville



Look at the Spectral Signatures for
Clouds, Ash/Steam and Ocean

Sample ¥ Tools ~ Display ~ Window ~

=S

- - ; Choose a band group (unit) : | Temperature (Degree Kelvin) v‘ Clear
Image Analysis » | ¥ Profiles 2 Y Transect
3004
Image Enhancement || / on eatter plot | [RERE R TReR] -
Pattern Recognition  » | =
Ut'l‘t' /. Histogram » £ 250
ilities =
Y 2225
. A .n.. @ 200
# 7 D175
= o
’J o3 81
2
5 125
gwo
2 751
§
g 501
251
0 —_— e —
2333333335333 383
2 [ [ e T | o O ) o O [ [ o (=] =) [} (=]
i w [T TS ] ™~ — o [ e o™ o™ o =T < T =T
HE ~ O O Y W M~ MM~ O O m v oo
Wi 006 93 3388885949049 %
,i RS%%&&R%ﬁgggagﬁg
-
% Channel

~~Point 1 <-Point 2 -~ Point 3

ST TS

e e T
i en g S s M A A A A Ao M Ao e M A s
o000 000000000 000 MmO
ONMOOD A AR RO HD L0 502
MATOOWnOOR~TOOOF SN
q¥yTnunoggoras aangt
8888088808888 A88 els eep andas
o =0 F w co 7 I I I
mm@ﬁﬁﬁgggg”ﬁﬁbﬂaggm '
o 1
=
w

Channel

l* ~Point 1 <-Point 2 - Point 3|

O R NS s UAHuntsville
Select representative pixels for Ash, Cloud, Ocean



Spatially and Spectrally Subset Data

Sample ~ Tools ~ Display °

Select Sample

Load Sample - °
Sample ~ Tools v Display ~ Window ~

Save Sample ; NI = A : e - P ~
Subset Image % ' . i, A :

Convert Sample to ARFF Y B 47;-. :
TN S(@!@pt']dbg,?ﬂbgl & 3

22) 20 [3.75004]
23) 21 [3.96004]
24) 22 [3.96004]
25) 23 [4.05004]
26) 24 [4.47004]
27) 25 [4.51004]
28) 27 [6.72004]
29) 28 ([7.33004]
30) 29 [8.55004]
30 [9.7300)
32) 31 [11.0300p]
32 [12.02004
34) 33 [13.3400p]
35) 34 [13.6400p]
36) 35[13.94004]

C
- X =08
—

*

:i«“, ' .‘ EpR%

Output :  C:iMyFiles\Projects|2010\TaiwanWorkshop

]

Run in Background

< ; } ) i ]

|»v

Drag a box across the screen representing the area to subset Pixel 86, 916 Region Size

Select an area within the Image View, then select Bands, provide output

filename (subset.gld) and hit Run button. Go to Project View and load subset.gld in
Image View UAHuntsville



Apply KMeans Algorithm

Sample ¥ Tools v Display ~ Window ~

Image Analysis
Image Enhancement  » |

=

y Pattern Recognition  » |‘£ Unsupervised Classification > KMr-.:n>

: Utiities — »| 5ypervised Classification »| Isodata 5;
Rule Based »  KMediods (-
Utilities » DBSCAN =

I Hierarchical Cluster

=

| =

* Only select the spectral
bands

* Make sure you select
normalize channels

e Setthe # of clustersto 5
even though we only want
three final classes

 We will merge clusters at
the end!

H Algorithm Dialog
Select Channel

1 [0.6450]
3[0.4690u]

4 [0.5550u]
31 [11.0300u]

40) Latltude
41) Longitude

Mormalize channels {linear 0->1)

ITSC_KMeans is a program that performs K-means clustering on each input pattern set, It
will produce a set of cluster centers and also an assignment for each pattern in the
input pattern set,

Classattribute class

MumCluster S

KMeansOQutputFileMame KmeanResult.qgld

ClustersOutputFileName KmeansClusterCenters,txt

Console
Program output

[Run in Background] [Cancel]




Visualize Result in Image View

Lets merge classes to create a map with only three classes UAHuntsville
Load the ClassLUT.txt Color Map



= GLIDER
File Edit Tools Help

e @

[ KMeansResult.gld &2

Final Clusterin

= 8|5 colorMap 2 =8

Sample ~ Tools * Display * Window -

Pixel 137,12 Region Size

Channels available :
0) _IT5C Kieans 0
40)  Latitude

41)  Longtude

Color bars { Lookup tables :

Temperature (180K-330€)

MODIS MOD3S Cloud mask LUT

Linear Autoscale Colorbar

3 Classs Volcanic Ash LUT
Fixed range colorbar (0-100)
Reflectance (0-1)

3 Classs Yolcanic Ash LUT
Color  Label/Range
0 Cloud

1 Volcanic Ash

g Result

=

[ 2couw
[ 3 volcanic ash
LB

4 Ocean

Altitude 3,964 km Lat 83.5385° Lon 132.5106° Elev -4,206 meters




Learning Module 5

“Ashes to Ashes” — Part 2

— Learn how to construct a supervised classification process
— Learn how take training samples
— Create a mining recipe/workflow using visual programming

UAHuntsville



Simple Classification Example

Given a dataset containing student’s

names, weight and height, develop
rules to classify between Football LT+
players and non-Football Players + %+
________________________ 4
Height
+
Name Height Weight N
ran + +
Joe 6’4 230 T
Montana
Avg Joe 5'9” 180 Weight

Classification Rule: If Ht > 6’3" AND
Wt > 220 Ib THEN Football Player
Else Regular Student YAHuntsville



Classification Problem

Satellite Remote Sensing: Features can be spectral
bands and other derived parameters (textures, ratios
etc)

Real Life Problems: Features are MANY!

One can limit the problem using Heuristics (e.g.,
NDDI)

Human’s cannot visualize beyond 3 dimensions

Hence, need for Pattern Recognition/Data Mining
algorithms

UAHuntsville



Classification—A Two-Step
Process

 Model construction: describing a set of predetermined classes

— Each tuple/sample is assumed to belong to a predefined class, as determined
by the class label attribute

— The set of tuples used for model construction is training set

— The model is represented as classification rules, decision trees, or
mathematical formulae

 Model usage: for classifying future or unknown objects
— Estimate accuracy of the model

* The known label of test sample is compared with the classified result
from the model

e Accuracy rate is the percentage of test set samples that are correctly
classified by the model

* Test set is independent of training set, otherwise over-fitting will occur

— If the accuracy is acceptable, use the model to classify data tuples whose class
labels are not known

UAHuntsville

Source — Dr. John Rushing, ITSC/UAHuntsville



Classification Process (1):
Model Construction

Y Classification
¥../ / Algorithms
Training
Data 1
\_/\
/ Y
~_
NAME RANK YEARS | TENURED lssibier
Mike |Assistant Prof 3 no (Model)
Mary |Assistant Prof I yes —_—
Bill Professor 2 yes
Jim Associate Prof 14 yes Tl Gt s
Dave |Assistant Prof 6 no P
Anne |Associate Prof 3 no OR years > 6

Source — Dr. John Rushing, ITSC/UAHuntsville

THEN tenured = ‘yes’

Ao RASLEL S A 1] —



Classification Process (2): Use
the Model in Prediction

T
~
’ Classifier
@
Testing
Data
NAME |RANK YEARS TENURED
Tom Assistant Prof no
Merlisa |Associate Prof 7 no
George |Professor 5 yes
Joseph |Assistant Prof 7 yes

Source — Dr. John Rushing, ITSC/UAHuntsville

Ty

(J eff, Professor, 4)

Tenured? 1
{6s

UAHuntsville



Maximum Likelihood/Bayes Classifier

 The maximum likelihood decision rule is based on probability.

* |t assigns each pixel having pattern measurements or features X to the

class i whose units are most probable or likely to have given rise to feature
vector X.

* In other words, the probability of a pixel belonging to each of a predefined
set of m classes is calculated, and the pixel is then assigned to the class for
which the probability is the highest.

 The maximum likelihood procedure assumes that the training data
statistics for each class in each band are normally distributed (Gaussian).

 The maximum likelihood decision rule is still one of the most widely used
supervised classification algorithms.

UAHuntsville

Source - Introductory Digital Image Processing, Jensen, 2005 Prentice Hall



Maximum Likelihood Classifier

* But how do we obtain the probability
information we will need from the remote

sensing training data we have collected?

 The answer lies first in the computation of
probability density functions label samples

UAHuntsville

Source - Introductory Digital Image Processing, Jensen, 2005 Prentice Hall



Maximum Likelihood Classifier

The estimated probability density function for
class wi (e.g., forest) is computed using the
equation:

R B R N E
plx|w, )= —eXp| — =

(2726, 2 g

1

UAHuntsville

Source - Introductory Digital Image Processing, Jensen, 2005 Prentice Hall



Maximum Likelihood Classifier

But what if the training data consists of multiple
bands of remote sensor data for the classes of
interest? In this case we compute an n-dimensional

multivariate normal density function using:

(X [w )= L 1 exp[—l{X ~ M)V HY =M, )}
)

27|V, ?

M: Mean Vector
V: Covariance Matrix

UAHuntsville

Source - Introductory Digital Image Processing, Jensen, 2005 Prentice Hall



Probability Density

Band 2

Maximum Likelihood Classification

Likelihood of unknown
measurement vector X
belonging to forest
1s greater than the
likelihood of it
belonging to
agriculture:
assign pixel
to forest

T

]: P&/ wz') = Ptorest

T P/ wj) ~ Pagriculture

Forest
traming data

Unknown measurement
L vector X associated with

a single pixel in
a two-band

multispectral dataset

y . Agriculture
o training data

Source - Introductory Digital Image Processing, Jensen, 2005 Prentice Hall

In this case, pixel
X would be
assigned to forest
because the
probability density
of unknown
measurement
vector X' is greater
for forest than for
agriculture.

UAHuntsyville



Let’s try Supervised Classification

* Goal — Create a thematic/classification map using

MODIS L1B data with three classes: Clouds, Ash/
Steam and Ocean

 Methodology:
— Create a NEW Subsetted data (keep all bands)

— Take uniform and approximate equal number of samples
for the three classes

— Construct and test the model (train and apply)
— Use the model for prediction (apply on the original image)

UAHuntsville



Select Samples for the 3 Classes

e - o < oy - w OPEN Subset.gld in Image View
EEETETTI 4

Load Sample
Save Sample f’ Sample Class
&

Subset Image

Enter a new sample class name :

Convert Sample to ARFF

\ Ash

— -
'l-zu;

Take samples by
Drawing regions
of interest and
then clicking Add

- X =0
Sample Class : Class Index
| vi| |
[New] [Delete] [Clear]
Sample List :

[Add J [Delete J [Clear J

Total pixels sampled : 0

UAHuntsville




Select Samples

ile Edit Tools Help
‘el
[ Subset.gld 22

Sample ~ Tools ~ Display ~ Window ~

= B | O sample Select 52 =0
Sample Class : Class Index
Ash v|[o |

After you have taken enough
samples (~1000) for the three
classes, save samples as
<filename>.gs

Sample List :

Ash (365:242 - 10x8)
ash (402:249 - 13x7)
Ash (449:273 - 12x8)
ash (339:233 - 10x9)
ash (405:271 - 10x8)
Ash (S566:253 - 12x8)

Total pixels sampled : 533

Sample ~ Tools ~ Display ~

Select Sample
Load Sample

Save Sample

Subset Image
Convert Sample to ARFF

UAHuntsville




Convert Samples to ARFF

mp|€7CUIiV€lt to Arff
Sa Sample ™ Tools ~ Display ¥ Window ~

rat

Select the sample file to convert :

C:\MyFiles\Projects\2010\TaiwanWorkshopiModuleS\ClassSamples.gs

Select Channels to export :
(Latitue and Longitude are included by default)

31 [11.0300p]

32 [12.02004]

33 [13.3400]

34 [13.6400u]

35 [13.9400p]

36 [14.24004]
EY_Band26 [1.3750u]
20 [3.7500u]
Latitude

Longitude

[[IMormalize

Select the output ARFF file :
C:\MyFiles\Projects\20104 TaiwanWorkshopiModuleS\Samples. arff
Mode : (&) Binary O Text

Cancel

UAHuntsville



Open Workflow Composer

= GLIDER
File Edit Tools Help
el Select this icon
[ Project Explorer ]
= = Workshop 7 .
(= Modulet Z.GLIDER Choose temporary workspace @@
= Module2 #EN Edit Tools Help
= Module3 & Open New GLIDER window E 5 Select the directory to store temporary workflow files
> oo B oo iitoncovese [
== ModuleS ' - _
2] BayesClassificationApply.xwF Open File. .. Ip SundarGlider Tutorial ~
|= BayesClassificationFinal. xwf Close Chrl+w » 20 Ialwan;an:urkshop
|=| BayesClassificationTrain,xwf Close Al Chrl+Shift+w U_j MOdUIel
|=| ClassSamples.gs e u_j Modulez
ExampleLUT.kxt o peil D MOdUI93
|=| ProcessedSamples.arff 2, JAVE A g :odule;
Sl 5ubset qld | () Save Al Ctrl+Shift+5 _ odule 3
- : Revert ) ADaM_3.2
() ADaM-IvICS
Exit ) Code
|2) Data Mining
) - ) C
Convert Line Delimiters To E Edlipse
() EsML J
a - . | 2 b
Set your | |
Folder: | ModuleS
workspace to your
prOJeCt folder [ Make New Folder ] [ OK ] [ Cancel ]

UAHuntsyville



Workflow Composer

File Edit Tools Help
‘e &
Workflow File BPEL Component Help

PP

Add Node Remove Node Connect/Disconnect  Auto Complete Connections

Component List
Const
Memo
Split
Merge
1f
Endif
[=-http:fjws3.itsc.uah.edufmws/glider-wsdlsf
[#-ImageProcessing. wsdl
[#-Optimization.wsd|

ITSC_Accuracy
ITSC_AssociationRules

TSC_BayesClassifierTrain

ITSC_BayesNetworkapply =
ITSC_BayeshetworkTrain d I S p
1TSC_BpnnClassifierapply
ITSC_BpnnClassifierTrain
ITSC_Cbeadpply

T

7

4
) Workflow
A| :

[=)-PatternRecognition.wsdl Al I th e ava i Ia b I e
ITSC_BayesClassifierapply AI g 0 r th m S a re

layed here

v

ax

Component Information

Service:
PatternRecognitionPT:ITSC_Baye

Description:

ITSC_BayesClassifier Train is a prograrn that feeds a pattern
set to a Bayes classifier for training. Once the classifier is
trained, its pararneters are written to a file for later use.

Operation: ITSC_BayesClassifierTrain

<

Ll

Port Information | Notification

Selected Output Port

Selected Input Port

Individual

Input parameter(s) alg@| ithm details

UAHuntsville



Getting Started with Workflows

Drag and drop ITSC_RemoveAttributes from the list to the canvas
Drag input to the canvas and connect it to one of the ports on the algorithm
Once you have all the algorithms on canvas, you can use the auto completion feature!

File Edit Tools Help
r e &

Workflow File BPEL Help

Add Node Remove Node

Connect/Disconnect

Auto Complete Connections

Component List

[=F-SYStem LOmponent
Al
Qutput
Const
Memo
Split
Merge
1f
Endif
[=+-http:fws3.itsc.uah.edu/mws/glider-wsdls}
[#-ImageProcessing.wsdl
[#-Optimization. wsdl
[=)-PatternRecognition. wsdl
ITSC_Accuracy
- ITSC_AssociationRules
- ITSC_BayesClassifierApply
1TSC_BayesClassifier Train
- ITSC_BayesNetworkapply
~-ITSC_BayesNetworkTrain

|

v

| IT5C BonnClassifierAooly

Component Information
Input Component

Description:

A system component that represents an input parameter of a
workflow.

Outputl

Name: Parameter
Type: any
Description: This port can be connected to any type.

4
| Workflow

ITSC_RemoveAttributes_InputFileMame
Config

IPatternRecognitionPT:ITSC_RernoveAttributes
>
Port Information | Notification
Selected Output Port Selected Input Port

Component: ITSC_RemoveAttributes_InputFileName
Port: Parameter

Type: any

Description: This port can be connected to any type.

Component: PatternRecognitionPT:ITSC_RemoveAttributes
Port: ITSC_RemoveAttributes_InputFileName

Type: string

Description: Name of the input data set

isville




First Workflow

Two step workflow: Preprocess.xwf
— Remove the unwanted spectral bands

— Split samples randomly into two files — one for training the classifier, the other for testing the
classifier in an biased manner

File Edit Tools Help
e : @ %
Workflow File BPEL Component Help

Add Node Remove Mode —Connect/Disconnect  Auto Complete Connections

Component List : Workflow

[=-Components o ~
[#-System Components ITSC_Sample_ClassaAttributeMName
[=+-http:ffws3.itsc.uah.edufmws/glider-wsc LtFileName Config |

ImageProcessing.wsdl >

Optimization.wsd| \\_ PatternRecognitionPT:ITSC_RemoveAttributes
[=)-PatternRecognition.wsdl »
= ITSC_Accuracy tFileMame
~-ITSC_AssociationRules p__——/./_——
- ITSC_BayesClassifierApply
- ITSC_BayesClassifierTrain uteMNamesToRemove
~-ITSC_BayeshetworkApply >
- ITSC_BayeshetworkTrain
= ITSC_BpnnClassifierapply
1TSC_BpnnClassifierTrain attributeMame
+-ITSC_Cbeadpply »
~-ITSC_CbeaTrain
~-ITSC_Clean
+-ITSC_DBSCAN
- ITSC_DecisionTreeApply Config

~-ITSC_DecisionTreeTrain MamesToKeep —
+-ITSC_Discretize > ITSC_Sample_Name(

- ITSC_HierarchicalCluster ITSC_Sample_NameOutputSetOne

L ITSC_lsodata Config >
~-ITSC_KFMerge
- ITSC_KFSpit v
~-ITSC_KMeans < | &

" | [=
. 1TSC KMedinds B Port Information | notification

Component Information

YYYYyy

L

YYYYYYY

PatternRecognitionPT:ITSC_Sample

>
>

ITSC_Sample_Name
P Config

ITSC_Sample_NumberOfSamplesInEachClass
>

Config

Selected Output Port Selected Input Port

Select a component from the Component
List.

jlle

NOTE: you can load the existing workflow (preprocess.xwf) if you don’t want to create it from scratch!



Workflow1l: Preprocess - Parameters

e Algorithm1 - ITSC_RemoveAttributes

ITSC_RemoveAttributes_InputFileName - \<your path>\ProcessedSamples.arff

ITSC_RemoveAttributes_AttributesMask -
01001111111111711711717111111111110011111111110

ITSC_RemoveAttributes_AttributeNamesToRemove - null
ITSC_RemoveAttributes_ClassAttributeName - class
ITSC_RemoveAttributes_AttributeNamesToKeep - null
ITSC_RemoveAttributes OutputFileName - \<your path>\SamplesFiltered.arff

e Algorithm2 - ITSC_Sample

ITSC_Sample_ClassAttributeName - class

ITSC_Sample_InputFileName -should be connected to the output from
ITSC_RemoveAttributes

ITSC_Sample_NumberOfSamplesinEachClass - null
ITSC_Sample_NameOutputSetOne - \<your path>\TrainSamples.arff
ITSC_Sample_PortionOfSample - 0.5

ITSC_Sample_Seed - null

ITSC_Sample_NameOutputSetTwo - \<your path>\TrainSamples.arff
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Workflow to Train a Classifier

One step workflow: BayesClassificationTrain.xwf

Provide part of the samples to train the classifier
Obtain the Bayesian statistics that will be used in the application

ITSC_BayesClassifier Train_BayesClassifierFileName
ITSC_BayesClassifierTrain_BayesClassifierFileName

Config
o Config
PatternRecognitionPT:ITSC_BayesClassifierTrain

YYyy

2

ITSC_BayesClassifierTrain_ClassAttributeName

Config

ITSC_BayesClassifier Train_InputFileName

Config

ITSC_BayesClassifier Train_MinYarianceCutoff —/

Config

NOTE: you can load the existing workflow (BayesClassificationTrain.xwf) if you don’t want to create it from scratch!
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Workflow?2 - Parameters

e Algorithm - ITSC_BayesClassifierTrain
— ITSC_BayesClassifierTrain_BayesClassifierFileName - \<your path>\Bayes.txt
— ITSC_BayesClassifierTrain_ClassAttributeName - class
— |ITSC_BayesClassifierTrain_InputFileName -\<your path>\TrainSamples.arff
— ITSC_BayesClassifierTrain_MinVarianceCutoff - 0.000000000000000001
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Workflow to Test a Classifier

Two step workflow: BayesClassificationApply.xwf

— Apply the classifier on the second set of samples
Evaluate the classification results (class labels produced by the classifier vs class labels

given by the experts)

ITSC_Accuracy_OutputFileName

ITSC_BayesClassifierapply_InputFileName

Config
P Config
PatternRecognitionPT:ITSC_BayesClassifierapply
PatternRecognitionPT:ITSC_Accuracy

ITSC_BayesClassifierapply_ClassAttributeName :
5 | & |
Config - :
> o
-
ITSC_BayesClassifierApply_BayesClassifierFileName
Config
ITSC_Accuracy_ClassattributeMame
Config
ITSC_BayesClassifierapply_OutputFileName
Config ITSC_Accuracy_OutputFileName
Config

ITSC_Accuracy _ValidSetFileName

Config

NOTE: you can load the existing workflow (BayesClassificationApply.xwf) if you don’t want to create it from scratch!
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Workflow3 - Parameters

* Algorithm1 - ITSC_BayesClassifierApply

— ITSC_BayesClassifierApply_InputFileName - \<your path>
\TestSamples.arff

— ITSC_BayesClassifierApply_ClassAttributeName - class

— ITSC_BayesClassifierApply _BayesClassifierFileName - \<your path>
\Bayes.txt

— ITSC_BayesClassifierApply_OutputFileName - \<your path>
\BayesResult.arff

e Algorithm2 - ITSC_Accuracy
— ITSC_Accuracy_ClassAttributeName - class
— ITSC_Accuracy_OutputFileName - \<your path>\Accuracy.txt
— ITSC_Accuracy_TestSetFileName - \<your path>\BayesResult.arff
— ITSC_Accuracy_ValidSetFileName - \<your path>\TestSamples.arff
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Evaluation Result — Accuracy.txt

ITSC_AcCcuracy - Classes 3, Samples 1540

Confusion mMatrix

| 0 1 2 <--- Actual Class
0 | 487 0 0
1 | 0 421 0
2 | 0 3 629
A
I
Fm———— Classified as

Accuracy 1537 of 1540 (99.805195 Pct)

NOTE: Your numbers may look different!
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Workflow to Apply the Classifier on

Five

Config

Config

BinaryFlag
Config

GliderInputFileName
Config

GliderHeaderOutputFileName

ArffOutputFileName

the Image

step workflow: BayesClassificationFinal.xwf

Convert data file from GLIDER format to ARFF

Remove the spectral bands that you did not use in training the classifier

Apply the Bayes Classifier using the Bayesian statistics generated during the training
Convert the classification result to image

Convert the image to GLIDER format for visualization

ITSC_Removeattributes_OutputFileName
Config

atternRecognitionPT:ITSC_RemoveAttributes

P:
>
>
>
>
>
-

ITSC_Removeattributes_AttributeNamesToRemove

/J

ITSC_RemoveAttributes_ClassAttributeName
Config

Attribute

Config
OutputFileName

Config
SizeX

Config

Size'f

Config

UtilityPT:ITSC_CvtArffToImage

GliderOutputFileName
Config

ITSC_RemoveAttributes_attributeNamesToKeep
/] UtilityPT:ITSC_Glider ToArff ot

-
ITSC_RemoveAttributes_attributesMask
Config

b
b
b
-
[
-

Config

SizeZ
Config

PatternRecognitionPT:ITSC_BayesClassifierapply

-
>
> ui
— - - -
ITSC_BayesClassifierapply_ClassattributeMame 4
Config GliderHeaderInputFileName :
Config .

[

/

-
-
>

LilityPT:ITSC_ImageToGlider

ITSC_BayesClassifierapply_BayesClassifierFileName GliderOutputFileName
Config Config

LabelString

ITSC_BayesClassifierapply_OutputFileName

Config Config

CommentString

wille

Config

NOTE: you can load the existing workflow (BayesClassificationFinal.xwf) if you don’t want to create it from scratch!



Workflow4 - Parameters

Algorithm1 - ITSC_GliderToArff
- GliderInputFileName - \<your path>\Subset.gld
- GliderHeaderOutputFileName - \<your path>\Subset.gh
- ArffOutputFileName - \<your path>\Subset.arff
- BinaryFlag - true

Algorithm2 - ITSC_RemoveAttributes
- ITSC_RemoveAttributes_InputFileName - should be connected to the output from ITSC_GliderToArff
- ITSC_RemoveAttributes_AttributesMask - 010011111111111111111211211111110011111111110
- ITSC_RemoveAttributes_AttributeNamesToRemove - null
- ITSC_RemoveAttributes_ClassAttributeName - class
- ITSC_RemoveAttributes_AttributeNamesToKeep - null
- ITSC_RemoveAttributes_OutputFileName - \<your path>\SubsetFilterered.arff

Algorithm3 - ITSC_BayesClassifyApply
- ITSC_BayesClassifierApply_InputFileName - should be connected to the output from ITSC_RemoveAttributes
- ITSC_BayesClassifierApply_ClassAttributeName - Class
- ITSC_BayesClassifierApply_BayesClassifierFileName - \<your path>\Bayes.txt
- ITSC_BayesClassifierApply_OutputFileName - \<your path>\SubsetBayesResult.arff

Algorithm4 - ITSC_CvtArffTolmage
- Attribute - class
- ArffInputFileName - should be connected to the output from ITSC_BayesClassifyApply
- OutputFileName - \<your path>\ClassificationMap.img
- SizeX - null
- SizeY - null
- SizeZ - null

Algorithm5 - ITSC_ImageToGlider
- ImagelnputFileName - should be connected to the output from ITSC_CvtArffTolmage
- GliderHeaderlnputFileName - \<your path>\Subset.gh
- GliderOutputFileName - ClassificationMap.gld
- LabelString - ClassificationMap
- CommentString - 3 Class result
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& GLIDER

File Edit Tools Help
e @

[ ClassificationMap.gld &3 =0

Supervised Classiﬁcon Result

Sample ~ Tools ~ Display ~ Window ~

| 200 Km P

Altitude 2,315 km _Lat 66.1720° Lon -27.5081° Elev -488 meters




Music Trivia Answers

Midnight Oil — Rock Band from Sydney
Australia, also known for their political

activism especially regarding environmental
causes

Smoke on the Water — Song from Deep Purple,
famous for it’s guitar riff

Dust in the Wind — Song from Kansas

Ashes to Ashes — Song from David Bowie and

has Major Tom (astronaut) references
UAHuntsville



Here is your Homework

Find interesting phenomena observable in

satellite imagery

Order data

Visualize and analyze using GLIDER
Submit a microArticle

UAHuntsville



Finding Interesting Cases

e Track environmental ¢ Track these websites daily:

news (CNN, BBC) — Earth Observatory: http://

— Find the location and earthobservatory.nasa.gov/

time — Operational Significant Event
Imagery:

— Order data, download, ,
http://www.osei.noaa.gov/

BAME - -
News Front Page Page last updated at 12:00 GMT, Sunday, 3 January 2010

.‘ 3&{ B2 E-mall this to a friend & printable version
NEWS PP ONE-MINUTE WORLD NEWS Y5 _ )
ron RS Hundreds flee Australia flooding

News Front Page Page last updated at 22:04 GMT, Friday, 13 November 2009 Americas

| Asia-Pacific ||
? ;}f p E-mail this to a friend & printable version

Al Major fire at Russia arms depot E—

-~
~ \
- 1 .
4 . 5
\ . ‘echnolo
x .\_'i Entertainment
\
\‘k‘ Also in the news
X S

" CLICK TO PLAY

Video and Audio > 00.00/00.41

DOWNLOAD A

FREE

AUDIOBOOK

Video and Audio 4 00.00/00.37 One resident said it was the worst flooding he had seen in 60 years

More than 1,000 people have been evacuated from an outback
town in the Australian state of New South Wales. after davs of




Ordering MODIS Data

* http://ladsweb.nascom.nasa.gov/
 Use L1 data instead of data products
* |Information about MODIS (pg 95 — Jensen’s Book)

@ GODDARD SPACE FLIGHT CENTER

’ + Visit NASA.gov

LAADS Web

Level 1 and Atmosphere Archive and Distribution System

Welcome to LAADS Web Version 4! LAADS Web is the web interface tothe Level 1 and
Atmosphere Archive and Distribution System (LAADS). The mission of LAADS is to provide
quick and easy access to MODIS level 1 and atmosphere data products.

Data
Search, order, and download MODIS level 1 and atmosphere data products. Products may
also be subset by parameter, area, or band, mosaiced, reprojected, or masked.

Images
Visually browse MODIS level 1 and atmosphere data products.

Tools
Access tools to use with MODIS level 1 and atmosphere data products.

Help
Get help including tutorials and contact information.

Information about the production, archive and distribution of the data products in LAADS can
be found at the MODAPS Services website.

Any gquestions should be directed to MODAPS user support. Contact information can be found
on the Contacts page.

NEWS

12.29.09 - LAADS Scheduled Maintenance
The LAADS system will be performing
scheduled maintenance on January 4th from
11:00 am - 2:00 pm.

+ Read More

12.28.09 -
Delayed
+ Read More

09.09.09 - TERRA Spacecraft Anomaly
Terra experienced 2 more SFE-A anomalies.
+ Read More

AQUA Forward Processing

08.27.09 - TERRA Spacecraft Anomaly

The Terra Spacecraft experienced an anomaly
with the Science Formatter Equipment (SFE)
today, 8/26/09, at 13:56z.

+ Read More
11.10.08 -

Aaua Collection 5.1 Data

Huntsville



Searching for MODIS Granules

@ GODDARD SPACE FLIGHT CENTER | + Visit NASA.gov

LAADS Web

Level 1 and Atmosphere Archive and Distribution System

Search for Level 1 and Atmosphere Products

If you know the file names of the products for which you are searching, you may also search for file names.

— Product Selection
Please select one or more products: + View Help

Satellite/Instrument:
TerraMODIS ®  AquaMODIS () Combined Terra & Aqua MODIS () Ancillary Data ()

Group:
| Terra Level 1 Products ?

Products:

MODO1 - Level 1A Scans of raw radiances in counts

MODO021KM - Level 1B Calibrated Radiances - 1km

MODO2HKM - Level 1B Calibrated Radiances - 500m

MODO020BC - Level 1B Onboard Calibrator/Engineering Data

MODO02QKM - Level 1B Calibrated Radiances - 250m

MODO02SSH - MODIS/Terra Level 1B Subsampled Calibrated Radiances Skm
MODO03 - Geolocation - 1km

MODASRVN - AERONET-based Surface Reflectance Validation Network

Please read the disclaimer about the Collection 5 MOD04_L2 and MYD04_L2 products.

==-=ntsville



Use GLIDER to examine the data

e GLIDER: http://miningsolutions.itsc.uah.edu/glider/

| Search

& globally leveraged integrated data explorer for research

ABOUT  ITSC  UAHUNTSVILLE

GLIDER is a FREE tool to easily visualize, analyze and mine satellite imagery.

‘/ Full swath display ‘/ Histograms, Scatter plots ‘/ Image processing algorithms

‘/ Satellite image calibration \/ Spectral profile, Linear ‘/ Clustering algorithms
transect

— |
. _a GLIDER SOFTWARE

» Overview

» Design
» Features
» Download

GLIDER V2.1-BETA IS NOW AVAILABLE TO DOWNLOAD!
» Sample Data

Posted Thu, 12/10/2009 - 09:10 by RxR

» Tutorials
» Known Issues GLIDER v2.1-beta Features and Bug Fixes ,t§_vllle.
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Submit MicroArticles Here:

www.esphenomena.org

Journal of Earth Science Phenomena | =
Home About Editorial Board Submission Guidelines Submission Template Submit Article Sign Up Contact Us -
User login Journal of Earth Science Phenomena (JESP) is an open access journal aimed at publishing micro-articles cataloging interesting

Username: *

Password: *

Login )
Create new account
Request new password

Micro-Articles

What is a micro-article?
Benefits of micro-article

Text Resize

Phenomena Locations

and unique phenomena that are observed in Earth science data. The primary aim of this journal is not to report a detailed scientific
analysis, but to promote further enquiry, document unique phenomena, assist educational activities and compile the information in
a manner that is both searchable and citable. The online nature of the journal also provide for including geographic context,
linkages to other geospatial information through Google Earth Technology and also explicit references to online databases where
such information could be retrieved.

Key JESP Features:
» 100% digital journal with NO fees for submitting or accessing the journal content
s Published micro-articles are peer reviewed and the time from submission to publication is short
s All content is open access and can be re-used with proper attribution
s Contents covered by Google Scholar

Smoke from an Oil Refinery Fire in Puerto Rico

November 10, 2009 by rramachandran

Smoke from an Oil Refinery Fire in Puerto Rico, Rahul Ramachandran, Journal of Earth Science
Phenomena. 2009, 15

b A LA L ALl
PRE Smiriasilr OF sLARAMA IN mntsniid



Submission Guidelines

Journal of Earth Science Phenomena | =
Home About Editorial Board Submission Guidelines Submission Template Submit Article Sign Up Contact Us '
User login Home
Username: * Submission Guidelines

The submitted articles must state why the observed phenomena are interesting. |t can be interesting because it is unusual or it could be
interesting because it is an extreme case of a phenomenon.

Password: *
Submitted article should properly describe the phenomena and provide references if it has been used in previous studies. Furthermore,
authors must provide full information on how others can obtain the specific data set and must make sure that the data set is freely available.
Create new account This information is a critical requirement since cne of the primary objectives of the journal is to allow others to find and use the data in their
Request new password analysis.
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Dr. Rahul Ramachandran

rahul.ramachandran@uah.edu

http://www.rramachandran.com/
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