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Goals	
  

•  Explore	
  “informa)on	
  extrac)on”	
  from	
  
remotely	
  sensed	
  data	
  	
  
– Look	
  at	
  one	
  of	
  the	
  most	
  popular	
  NASA	
  datasets	
  –	
  
MODIS	
  

– Learn	
  about	
  the	
  GLIDER	
  tool	
  



Remote	
  Sensing	
  Process	
  

•  Defini)on	
  –	
  systema)c	
  data	
  collec)on	
  and	
  
analysis	
  procedures	
  used	
  for	
  Earth	
  Science	
  
applica)on	
  

•  Focus	
  on	
  analysis	
  –	
  informa)on	
  extrac)on!	
  



Remote	
  Sensing	
  Data:	
  Basics	
  

•  A	
  sensor	
  is	
  measuring	
  electromagne)c	
  radiance	
  L	
  

•  Wavelength	
  or	
  Frequency	
  

•  Loca)on	
  and	
  size	
  
•  Temporal	
  informa)on	
  –	
  when	
  and	
  how	
  oYen	
  
•  Angles	
  that	
  describe	
  geometric	
  rela)onships	
  

•  Polariza)on	
  	
  
•  Radiometric	
  resolu)on	
  	
  



MODIS	
  –	
  Level	
  1	
  

Radiances	
  are	
  converted	
  to	
  reflectances	
  



MODIS	
  –	
  Level	
  1	
  

Radiances	
  are	
  converted	
  to	
  temperature	
  



Remote	
  Sensing	
  Data	
  Analysis	
  

•  Radiometric	
  Correc)on	
  of	
  Remote	
  Sensor	
  Data	
  
–  Noise,	
  error	
  removal,	
  calibra)on	
  

•  Geometric	
  Correc)on	
  of	
  Remote	
  Sensor	
  Data	
  
– Map	
  projec)ons,	
  Geographic	
  Coordinate	
  System	
  	
  

•  Image	
  Enhancement	
  
–  Contrast	
  stretching,	
  Spa)al/Frequency	
  Filters,	
  PCA	
  

•  Informa)on	
  Extrac)on	
  
–  Parametric/Non	
  parametric	
  -­‐	
  classifiers	
  

–  Heuris)c	
  based	
  -­‐	
  indices	
  



GLIDER	
  -­‐	
  mo)va)on	
  

•  SoYware	
  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	
  	
  



GLIDER	
  Features	
  

•  Visualize	
  and	
  analyze	
  satellite	
  data	
  in	
  its	
  na)ve	
  
sensor	
  view.	
  

•  Apply	
  different	
  image	
  processing	
  algorithms	
  on	
  the	
  
satellite	
  data.	
  

•  Apply	
  different	
  pa5ern	
  recogni6on/data	
  mining	
  
algorithms	
  on	
  the	
  satellite	
  data.	
  

•  Project	
  satellite	
  data	
  and	
  analysis/mining	
  	
  results	
  
onto	
  a	
  globe	
  and	
  overlay	
  addi)onal	
  layers.	
  

•  Provides	
  mul6ple	
  views	
  to	
  manage,	
  visualize,	
  and	
  
analyze	
  satellite	
  data.	
  	
  



GLIDER	
  is	
  using:	
  

•  ADaM	
  
–  ADaM	
  (Algorithm	
  Development	
  and	
  Mining)	
  toolkit	
  

–  Contains	
  140+	
  image	
  processing,	
  pa?ern	
  recogni)on	
  and	
  machine	
  
learning	
  algorithms	
  

•  IVICS	
  
–  Interac)ve	
  Visualizer	
  and	
  Image	
  Classifier	
  for	
  Satellites	
  (IVICS)	
  

–  Provides	
  capability	
  to	
  visualize	
  satellite	
  imagery	
  and	
  select	
  samples	
  for	
  
supervised	
  classifica)on	
  

•  World	
  Wind	
  
–  Project	
  satellite	
  data	
  and	
  analysis/mining	
  	
  results	
  onto	
  a	
  globe	
  and	
  

overlay	
  addi)onal	
  layers	
  	
  



GLIDER	
  Views:	
  	
  
Project	
  Explorer	
  

Manage your data 
files and your analysis 

results Browse data file 
metadata  



GLIDER	
  Views:	
  	
  
Image	
  Analysis	
  View	
  

Visualize data in its 
native sensor view 

Select different 
spectral bands 

Analyze image using 
different features 

Apply data mining 
algorithms 



Image	
  Analysis	
  Features	
  

Spectral 
Profiles 

Transect 
Profiles 

Scatter 
Plots 

Histogram 
Plots 



Clustering	
  Algorithm	
  Example	
  

Algorithm 
Parameters 



GLIDER	
  Views:	
  	
  
Earth	
  View	
  

Project images on the 
globe 

Add and display 
multiple layers 



GLIDER	
  Views:	
  	
  
Workflow	
  Composer	
  

Visual programming interface 
to create analysis recipes 



Learning	
  Modules	
  
•  Module	
  1:	
  “Midnight	
  Oil”	
  

–  Look	
  at	
  the	
  Deepwater	
  Horizon	
  event	
  
–  Learn	
  basic	
  GLIDER	
  func)onality	
  while	
  playing	
  with	
  several	
  MODIS	
  data	
  files	
  

•  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]	
  
•  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	
  ar)cle	
  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	
  Eyjakallajoekull	
  Volcano	
  
–  Learn	
  how	
  to	
  subset	
  imagery	
  both	
  spa)ally	
  and	
  spectrally	
  
–  Apply	
  clustering	
  algorithm	
  to	
  generate	
  classifica)on	
  maps	
  

•  Module	
  5:	
  “Ashes	
  to	
  Ashes”	
  –	
  Part	
  2	
  
–  Learn	
  to	
  construct	
  a	
  supervised	
  classifica)on	
  process	
  
–  Learn	
  how	
  take	
  training	
  samples	
  
–  Create	
  a	
  mining	
  recipe/workflow	
  using	
  visual	
  programming	
  

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	
  func)onality	
  while	
  
playing	
  with	
  several	
  MODIS	
  data	
  files	
  



Deepwater	
  Horizon	
  



Deepwater	
  Horizon	
  Event	
  
•  April	
  20:	
  At	
  around	
  10	
  p.m.	
  a	
  fire	
  is	
  reported	
  

on	
  the	
  central	
  )me	
  on	
  the	
  Deepwater	
  
Horizon	
  rig.	
  Eleven	
  workers	
  are	
  killed	
  	
  

•  At	
  least	
  20	
  million	
  gallons	
  have	
  now	
  spilled	
  
into	
  the	
  Gulf	
  of	
  Mexico,	
  affec)ng	
  more	
  than	
  
70	
  miles	
  (110km)	
  of	
  Louisiana's	
  coastline.	
  	
  



Senng	
  Up	
  a	
  Project	
  in	
  GLIDER	
  



Convert	
  L1	
  HDF	
  to	
  GLD	
  File	
  



Image	
  View	
  
•  Open	
  MOD021KM.A2010112.1645.005.2010113013428.hdf.gld	
  	
  
•  Smoke	
  from	
  the	
  fire	
  is	
  clearly	
  visible	
  	
  

Displaying RGB 
True Color 



Apply	
  Histogram	
  Equaliza)on	
  

Check box for 
Red, Green and 

Blue 



Result	
  

Smoke from the 
Rig fire! 



Proving	
  Spa)al	
  Context	
  
Select Earth View 



Oil	
  Spill	
  Image	
  
•  Open	
  MOD021KM.A2010137.1640.005.2010138011841.hdf.gld,	
  apply	
  histogram	
  equaliza)on	
  
•  Sun	
  glint	
  in	
  this	
  image	
  makes	
  the	
  oil	
  easily	
  visible	
  



DIY	
  

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



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]	
  



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	
  



Spectral	
  Signatures	
  of	
  Aerosols	
  and	
  Clouds	
  

MODIS	
  Wavelength	
  (um)	
  

Water	
  
Clouds	
  

MODIS	
  Wavelength	
  (um)	
  

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



Image	
  View	
  

Set	
  Red	
  :	
  .645um	
  (B1),	
  
Mark,Equalize	
  

Set	
  Green:	
  0.858	
  	
  um	
  
(B2),	
  Equalize	
  

Set	
  Blue	
  :	
  11.03	
  um	
  
(B31),	
  mark	
  Equalize	
  
and	
  Flip	
  

Equalize is an image enhancement technique called histogram equalization and  
flip inverts the infrared channel to make clouds look brighter than the surface 



Earth	
  View	
  



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	
  ar)cle	
  and	
  then	
  apply	
  the	
  results	
  from	
  the	
  
paper	
  to	
  detect	
  dust	
  over	
  china	
  



NDDI	
  -­‐	
  Qu	
  et	
  al,	
  2006	
  	
  

SRB – Solar Reflectance Band 
NDDI – Normalized Difference Dust Index 

SDS – Sand and Dust Storms 



NDDI	
  –	
  Qu	
  et	
  al,	
  2006	
  

Thresholds for detection: 
CLOUDS: NDDI < 0.0 

SURFACE FEATURES: NDDI < 0.28 
DUST: NDDI > 0.28 



Lets	
  Try	
  it	
  Out!	
  
Open MOD021KM.A2001096.0335.005.2008042073533.hdf.gld in Image View 



Enter	
  the	
  NDDI	
  formula	
  	
  
Enter a  

Mathematical  
expression 

Bind bands to 
the variables 



Visualize	
  Result	
  in	
  Image	
  View	
  and	
  
Apply	
  a	
  Custom	
  Color	
  Map	
  

Select Display/Color Map 

Load external color table 



Display	
  Original	
  and	
  NDDI	
  image	
  on	
  
Earth	
  View	
  

Toggle Layer On/Off 
To visually inspect  

how well NDDI works in  
Detecting dust 



DIY	
  

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



Learning	
  Module	
  4	
  

“Ashes	
  to	
  Ashes”	
  –	
  Part	
  1	
  
– Look	
  at	
  Ash/Steam	
  Plume	
  event	
  from	
  Iceland's	
  
Eyjakallajoekull	
  Volcano	
  
– Learn	
  how	
  to	
  subset	
  imagery	
  both	
  spa)ally	
  and	
  spectrally	
  
– Apply	
  clustering	
  algorithm	
  to	
  generate	
  classifica)on	
  maps	
  



What	
  is	
  Cluster	
  Analysis?	
  

•  Cluster:	
  a	
  collec)on	
  of	
  data	
  objects	
  
– Similar	
  to	
  one	
  another	
  within	
  the	
  same	
  cluster	
  

– Dissimilar	
  to	
  the	
  objects	
  in	
  other	
  clusters	
  

•  Cluster	
  analysis	
  
– Grouping	
  a	
  set	
  of	
  data	
  objects	
  into	
  clusters	
  

•  Clustering	
  is	
  unsupervised	
  classifica)on:	
  no	
  
predefined	
  classes	
  

Source – Dr. John Rushing, ITSC/UAHuntsville 



Similarity	
  and	
  Dissimilarity	
  
Between	
  Objects	
  

•  Distances	
  are	
  normally	
  used	
  to	
  measure	
  the	
  similarity	
  or	
  

dissimilarity	
  between	
  two	
  data	
  objects	
  

•  Some	
  popular	
  ones	
  include:	
  Minkowski	
  distance:	
  

where	
  	
  i	
  =	
  (xi1,	
  xi2,	
  …,	
  xip)	
  and	
  j	
  =	
  (xj1,	
  xj2,	
  …,	
  xjp)	
  are	
  two	
  p-­‐dimensional	
  
data	
  objects,	
  and	
  q	
  is	
  a	
  posi)ve	
  integer	
  

•  If	
  q	
  =	
  1,	
  d	
  is	
  Manha?an	
  distance	
  

Source – Dr. John Rushing, ITSC/UAHuntsville 



Similarity	
  and	
  Dissimilarity	
  
Between	
  Objects	
  (Cont.)	
  

•  If	
  q	
  =	
  2,	
  d	
  is	
  Euclidean	
  distance:	
  

–  Proper)es	
  
•  d(i,j)	
  ≥	
  0	
  
•  d(i,i)	
  =	
  0	
  
•  d(i,j)	
  =	
  d(j,i)	
  
•  d(i,j)	
  ≤	
  d(i,k)	
  +	
  d(k,j)	
  

•  Also,	
  one	
  can	
  use	
  weighted	
  distance,	
  parametric	
  
Pearson	
  product	
  moment	
  correla)on,	
  or	
  other	
  
disimilarity	
  measures	
  

What should one look out for 
when using distance 
measures? 

Source – Dr. John Rushing, ITSC/UAHuntsville 



The	
  K-­‐Means	
  Clustering	
  Method	
  	
  

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

–  Par))on	
  objects	
  into	
  k	
  nonempty	
  subsets	
  

–  Compute	
  seed	
  points	
  as	
  the	
  centroids	
  of	
  the	
  clusters	
  of	
  
the	
  current	
  par))on	
  (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	
  

Source – Dr. John Rushing, ITSC/UAHuntsville 



The	
  K-­‐Means	
  Clustering	
  Method	
  	
  
•  Example	
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K=2 

Arbitrarily choose K 
object as initial 
cluster center 

Assign 
each 
objects 
to most 
similar 
center 

Update 
the 
cluster 
means 

Update 
the 
cluster 
means 

reassign reassign 

Source – Dr. John Rushing, ITSC/UAHuntsville 



Let’s	
  Apply	
  a	
  Clustering	
  Algorithm	
  

•  Goal	
  –	
  Create	
  a	
  thema)c/classifica)on	
  map	
  
using	
  MODIS	
  L1B	
  data	
  with	
  three	
  classes:	
  
Clouds,	
  Ash/Steam	
  and	
  Ocean	
  

•  Methodology:	
  
– Subset	
  the	
  data	
  both	
  spa)ally	
  and	
  spectrally	
  
– Apply	
  K-­‐Means	
  with	
  k=5	
  and	
  let	
  the	
  algorithm	
  find	
  
groups	
  in	
  spectral	
  feature	
  space	
  

– Assign	
  seman)c	
  (3)	
  classes	
  to	
  the	
  5	
  groups	
  



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 



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

Lets keep bands 1,3,4,31 & 32 

Select representative pixels for Ash, Cloud, Ocean 



Spa)ally	
  and	
  Spectrally	
  Subset	
  Data	
  

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 

Select1,3,4,31 & 32 



Apply	
  KMeans	
  Algorithm	
  

•  Only	
  select	
  the	
  spectral	
  
bands	
  

•  Make	
  sure	
  you	
  select	
  
normalize	
  channels	
  

•  Set	
  the	
  #	
  of	
  clusters	
  to	
  5	
  
even	
  though	
  we	
  only	
  want	
  
three	
  final	
  classes	
  

•  We	
  will	
  merge	
  clusters	
  at	
  
the	
  end!	
  	
  



Visualize	
  Result	
  in	
  Image	
  View	
  

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



Final	
  Clustering	
  Result	
  



Learning	
  Module	
  5	
  

“Ashes	
  to	
  Ashes”	
  –	
  Part	
  2	
  

– 	
  Learn	
  how	
  to	
  construct	
  a	
  supervised	
  classifica)on	
  process	
  
– 	
  Learn	
  how	
  take	
  training	
  samples	
  
– 	
  Create	
  a	
  mining	
  recipe/workflow	
  using	
  visual	
  programming	
  



Simple	
  Classifica)on	
  Example	
  

Given a dataset containing student’s  
names, weight and height, develop 
rules to classify between Football  
players and non-Football Players 

Name	
   Height	
   Weight	
  

Joe	
  
Montana	
  

6’4”	
   230	
  

………	
   …….	
   ……	
  

Avg	
  Joe	
   5’9”	
  	
   180	
   Weight 

Height 

+ + 
+ 

+ 
+ 

+ 

+ 

+ 
+ + 

+ 

+ 

+ 

+ 

Classification Rule: If Ht > 6’3” AND  
Wt > 220 lb THEN Football Player 
Else Regular Student 



Classifica)on	
  Problem	
  

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

•  Real	
  Life	
  Problems:	
  Features	
  are	
  MANY!	
  	
  
•  One	
  can	
  limit	
  the	
  problem	
  using	
  Heuris)cs	
  (e.g.,	
  
NDDI)	
  

•  Human’s	
  cannot	
  visualize	
  beyond	
  3	
  dimensions	
  
•  Hence,	
  need	
  for	
  Pa?ern	
  Recogni)on/Data	
  Mining	
  
algorithms	
  	
  



Classifica)on—A	
  Two-­‐Step	
  
Process	
  	
  

•  Model	
  construc)on:	
  describing	
  a	
  set	
  of	
  predetermined	
  classes	
  
–  Each	
  tuple/sample	
  is	
  assumed	
  to	
  belong	
  to	
  a	
  predefined	
  class,	
  as	
  determined	
  

by	
  the	
  class	
  label	
  a?ribute	
  
–  The	
  set	
  of	
  tuples	
  used	
  for	
  model	
  construc)on	
  is	
  training	
  set	
  
–  The	
  model	
  is	
  represented	
  as	
  classifica)on	
  rules,	
  decision	
  trees,	
  or	
  

mathema)cal	
  formulae	
  

•  Model	
  usage:	
  for	
  classifying	
  future	
  or	
  unknown	
  objects	
  
–  Es)mate	
  accuracy	
  of	
  the	
  model	
  

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

•  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-­‐finng	
  will	
  occur	
  
–  If	
  the	
  accuracy	
  is	
  acceptable,	
  use	
  the	
  model	
  to	
  classify	
  data	
  tuples	
  whose	
  class	
  

labels	
  are	
  not	
  known	
  

Source – Dr. John Rushing, ITSC/UAHuntsville 



Classifica)on	
  Process	
  (1):	
  
Model	
  Construc)on	
  

Training 
Data 

Classification 
Algorithms 

IF rank = ‘professor’ 
OR years > 6 
THEN tenured = ‘yes’  

Classifier 
(Model) 

Source – Dr. John Rushing, ITSC/UAHuntsville 



Classifica)on	
  Process	
  (2):	
  Use	
  
the	
  Model	
  in	
  Predic)on	
  

Classifier 

Testing 
Data Unseen Data 

(Jeff, Professor, 4) 

Tenured? 

Source – Dr. John Rushing, ITSC/UAHuntsville 



Maximum	
  Likelihood/Bayes	
  Classifier	
  

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



Maximum	
  Likelihood	
  Classifier	
  

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



Maximum	
  Likelihood	
  Classifier	
  

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



Maximum	
  Likelihood	
  Classifier	
  

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

M:  Mean Vector 
V: Covariance Matrix 



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



Let’s	
  try	
  Supervised	
  Classifica)on	
  

•  Goal	
  –	
  Create	
  a	
  thema)c/classifica)on	
  map	
  using	
  
MODIS	
  L1B	
  data	
  with	
  three	
  classes:	
  Clouds,	
  Ash/
Steam	
  and	
  Ocean	
  

•  Methodology:	
  
–  Create	
  a	
  NEW	
  Subse?ed	
  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	
  predic)on	
  (apply	
  on	
  the	
  original	
  image)	
  



Select	
  Samples	
  for	
  the	
  3	
  Classes	
  
Open Subset.gld in Image View 

Take samples by 
Drawing regions 
of interest and 

then clicking Add 



Select	
  Samples	
  

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



Convert	
  Samples	
  to	
  ARFF	
  
Sample/Convert to Arff 



Open	
  Workflow	
  Composer	
  
Select this icon 

Set your 
workspace to your 

project folder 



Workflow	
  Composer	
  

All the available 
Algorithms are 
displayed here 

Individual 
algorithm details 



Genng	
  Started	
  with	
  Workflows	
  
•  Drag	
  and	
  drop	
  ITSC_RemoveA?ributes	
  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	
  comple)on	
  feature!	
  



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	
  tes)ng	
  the	
  

classifier	
  in	
  an	
  biased	
  manner	
  

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



Workflow1:	
  Preprocess	
  -­‐	
  Parameters	
  

•  Algorithm1	
  -­‐	
  ITSC_RemoveA?ributes	
  
–  ITSC_RemoveA?ributes_InputFileName	
  -­‐	
  \<your	
  path>\ProcessedSamples.arff	
  
–  ITSC_RemoveA?ributes_A?ributesMask	
  -­‐	
  

0100111111111111111111111111110011111111110	
  
–  ITSC_RemoveA?ributes_A?ributeNamesToRemove	
  -­‐	
  null	
  
–  ITSC_RemoveA?ributes_ClassA?ributeName	
  -­‐	
  class	
  
–  ITSC_RemoveA?ributes_A?ributeNamesToKeep	
  -­‐	
  null	
  
–  ITSC_RemoveA?ributes_OutputFileName	
  -­‐	
  \<your	
  path>\SamplesFiltered.arff	
  

•  Algorithm2	
  -­‐	
  ITSC_Sample	
  
–  ITSC_Sample_ClassA?ributeName	
  -­‐	
  class	
  
–  ITSC_Sample_InputFileName	
  -­‐should	
  be	
  connected	
  to	
  the	
  output	
  from	
  

ITSC_RemoveA?ributes	
  
–  ITSC_Sample_NumberOfSamplesInEachClass	
  -­‐	
  null	
  
–  ITSC_Sample_NameOutputSetOne	
  -­‐	
  \<your	
  path>\TrainSamples.arff	
  
–  ITSC_Sample_Por)onOfSample	
  -­‐	
  0.5	
  
–  ITSC_Sample_Seed	
  -­‐	
  null	
  
–  ITSC_Sample_NameOutputSetTwo	
  -­‐	
  \<your	
  path>\TrainSamples.arff	
  



Workflow	
  to	
  Train	
  a	
  Classifier	
  

•  One	
  step	
  workflow:	
  BayesClassifica)onTrain.xwf	
  
–  Provide	
  part	
  of	
  the	
  samples	
  to	
  train	
  the	
  classifier	
  
–  Obtain	
  the	
  Bayesian	
  sta)s)cs	
  that	
  will	
  be	
  used	
  in	
  the	
  applica)on	
  

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



Workflow2	
  -­‐	
  Parameters	
  

•  Algorithm	
  -­‐	
  ITSC_BayesClassifierTrain	
  
–  ITSC_BayesClassifierTrain_BayesClassifierFileName	
  -­‐	
  \<your	
  path>\Bayes.txt	
  

–  ITSC_BayesClassifierTrain_ClassA?ributeName	
  -­‐	
  class	
  

–  ITSC_BayesClassifierTrain_InputFileName	
  -­‐\<your	
  path>\TrainSamples.arff	
  

–  ITSC_BayesClassifierTrain_MinVarianceCutoff	
  -­‐	
  0.000000000000000001	
  



Workflow	
  to	
  Test	
  a	
  Classifier	
  

•  Two	
  step	
  workflow:	
  BayesClassifica)onApply.xwf	
  
–  Apply	
  the	
  classifier	
  on	
  the	
  second	
  set	
  of	
  samples	
  
–  Evaluate	
  the	
  classifica)on	
  results	
  (class	
  labels	
  produced	
  by	
  the	
  classifier	
  vs	
  class	
  labels	
  

given	
  by	
  the	
  experts)	
  

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



Workflow3	
  -­‐	
  Parameters	
  

•  Algorithm1	
  -­‐	
  ITSC_BayesClassifierApply	
  
–  ITSC_BayesClassifierApply_InputFileName	
  -­‐	
  \<your	
  path>

\TestSamples.arff	
  
–  ITSC_BayesClassifierApply_ClassA?ributeName	
  -­‐	
  class	
  
–  ITSC_BayesClassifierApply_BayesClassifierFileName	
  -­‐	
  \<your	
  path>

\Bayes.txt	
  
–  ITSC_BayesClassifierApply_OutputFileName	
  -­‐	
  \<your	
  path>

\BayesResult.arff	
  

•  Algorithm2	
  -­‐	
  ITSC_Accuracy	
  
–  ITSC_Accuracy_ClassA?ributeName	
  -­‐	
  class	
  
–  ITSC_Accuracy_OutputFileName	
  -­‐	
  \<your	
  path>\Accuracy.txt	
  
–  ITSC_Accuracy_TestSetFileName	
  -­‐	
  \<your	
  path>\BayesResult.arff	
  
–  ITSC_Accuracy_ValidSetFileName	
  -­‐	
  \<your	
  path>\TestSamples.arff	
  



Evalua)on	
  Result	
  –	
  Accuracy.txt	
  

NOTE: Your numbers may look different! 



Workflow	
  to	
  Apply	
  the	
  Classifier	
  on	
  
the	
  Image	
  

•  Five	
  step	
  workflow:	
  BayesClassifica)onFinal.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	
  sta)s)cs	
  generated	
  during	
  the	
  training	
  
–  Convert	
  the	
  classifica)on	
  result	
  to	
  image	
  
–  Convert	
  the	
  image	
  to	
  GLIDER	
  format	
  for	
  visualiza)on	
  

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_RemoveA?ributes	
  
–  ITSC_RemoveA?ributes_InputFileName	
  -­‐	
  should	
  be	
  connected	
  to	
  the	
  output	
  from	
  ITSC_GliderToArff	
  
–  ITSC_RemoveA?ributes_A?ributesMask	
  -­‐	
  0100111111111111111111111111110011111111110	
  
–  ITSC_RemoveA?ributes_A?ributeNamesToRemove	
  -­‐	
  null	
  
–  ITSC_RemoveA?ributes_ClassA?ributeName	
  -­‐	
  class	
  
–  ITSC_RemoveA?ributes_A?ributeNamesToKeep	
  -­‐	
  null	
  
–  ITSC_RemoveA?ributes_OutputFileName	
  -­‐	
  \<your	
  path>\SubsetFilterered.arff	
  

•  Algorithm3	
  -­‐	
  ITSC_BayesClassifyApply	
  
–  ITSC_BayesClassifierApply_InputFileName	
  -­‐	
  should	
  be	
  connected	
  to	
  the	
  output	
  from	
  ITSC_RemoveA?ributes	
  
–  ITSC_BayesClassifierApply_ClassA?ributeName	
  -­‐	
  Class	
  
–  ITSC_BayesClassifierApply_BayesClassifierFileName	
  -­‐	
  \<your	
  path>\Bayes.txt	
  
–  ITSC_BayesClassifierApply_OutputFileName	
  -­‐	
  \<your	
  path>\SubsetBayesResult.arff	
  

•  Algorithm4	
  -­‐	
  ITSC_CvtArffToImage	
  
–  A?ribute	
  -­‐	
  class	
  
–  ArffInputFileName	
  -­‐	
  should	
  be	
  connected	
  to	
  the	
  output	
  from	
  ITSC_BayesClassifyApply	
  
–  OutputFileName	
  -­‐	
  \<your	
  path>\Classifica)onMap.img	
  
–  SizeX	
  -­‐	
  null	
  
–  SizeY	
  -­‐	
  null	
  
–  SizeZ	
  -­‐	
  null	
  

•  Algorithm5	
  -­‐	
  ITSC_ImageToGlider	
  
–  ImageInputFileName	
  -­‐	
  should	
  be	
  connected	
  to	
  the	
  output	
  from	
  ITSC_CvtArffToImage	
  
–  GliderHeaderInputFileName	
  -­‐	
  \<your	
  path>\Subset.gh	
  
–  GliderOutputFileName	
  -­‐	
  Classifica)onMap.gld	
  
–  LabelString	
  -­‐	
  Classifica)onMap	
  
–  CommentString	
  -­‐	
  3	
  Class	
  result	
  



Supervised	
  Classifica)on	
  Result	
  



Music	
  Trivia	
  Answers	
  

•  Midnight	
  Oil	
  –	
  Rock	
  Band	
  from	
  Sydney	
  
Australia,	
  also	
  known	
  for	
  their	
  poli)cal	
  
ac)vism	
  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	
  



Here	
  is	
  your	
  Homework	
  

•  Find	
  interes)ng	
  phenomena	
  observable	
  in	
  
satellite	
  imagery	
  

•  Order	
  data	
  
•  Visualize	
  and	
  analyze	
  using	
  GLIDER	
  
•  Submit	
  a	
  microAr)cle	
  



Finding	
  Interes)ng	
  Cases	
  	
  

•  Track	
  environmental	
  
news	
  (CNN,	
  BBC)	
  
–  Find	
  the	
  loca)on	
  and	
  

)me	
  

–  Order	
  data,	
  download,	
  
visualize	
  and	
  analyze	
  

•  Track	
  these	
  websites	
  daily:	
  
–  Earth	
  Observatory:	
  	
  h?p://

earthobservatory.nasa.gov/	
  

–  Opera)onal	
  Significant	
  Event	
  
Imagery:	
  	
  
h?p://www.osei.noaa.gov/	
  	
  



Ordering	
  MODIS	
  Data	
  

•  h?p://ladsweb.nascom.nasa.gov/	
  
•  Use	
  L1	
  data	
  instead	
  of	
  data	
  products	
  
•  Informa)on	
  about	
  MODIS	
  (pg	
  95	
  –	
  Jensen’s	
  Book)	
  



Searching	
  for	
  MODIS	
  Granules	
  



Use	
  GLIDER	
  to	
  examine	
  the	
  data	
  

•  GLIDER:	
  h?p://miningsolu)ons.itsc.uah.edu/glider/	
  	
  



Submit	
  MicroAr)cles	
  Here:	
  
www.esphenomena.org	
  



Submission	
  Guidelines	
  



Dr.	
  Rahul	
  Ramachandran	
  

rahul.ramachandran@uah.edu	
  
h?p://www.rramachandran.com/	
  


