
A	
  determinis+c	
  annealing	
  
approach	
  to	
  clustering	
  AIRS	
  data	
  

Alexandre	
  Guillaume,	
  Amy	
  
Braverman	
  and	
  Alexander	
  Ruzmaikin	
  

Jet	
  Propulsion	
  Laboratory	
  
California	
  Ins+tute	
  of	
  Technology	
  

AIRS	
  Science	
  Team	
  Mee+ng,	
  Tuesday	
  April	
  24th	
  



Why?	
  

…	
  we	
  will	
  examine	
  the	
  validity	
  of	
  means	
  and	
  
standard	
  devia+ons	
  as	
  a	
  basis	
  for	
  climate	
  data	
  
products.	
  We	
  will	
  explore	
  the	
  condi+ons	
  under	
  
which	
  these	
  two	
  simple	
  sta+s+cs	
  are	
  
inadequate	
  summaries	
  of	
  the	
  underlying	
  
empirical	
  probability	
  distribu+ons	
  by	
  
contras+ng	
  them	
  with	
  a	
  nonparametric	
  
method	
  called	
  Determinis+c	
  Annealing	
  
technique	
  	
  

These	
  four	
  data	
  sets	
  have	
  iden+cal	
  
sta+s+cs	
  up	
  to	
  second-­‐order,	
  that	
  is	
  
the	
  same	
  mean	
  and	
  covariance.	
  



Clusters	
  

“Clusters	
  may	
  be	
  described	
  as	
  con+nuous	
  regions	
  of	
  (d-­‐dimensional)	
  space	
  
containing	
  a	
  rela+vely	
  high	
  density	
  of	
  points,	
  separated	
  from	
  other	
  such	
  
regions	
  by	
  regions	
  containing	
  a	
  rela+vely	
  low	
  density	
  of	
  points”	
  

Roughly	
  speaking,	
  clustering	
  procedures	
  yield	
  a	
  data	
  descrip+on	
  in	
  terms	
  of	
  
clusters	
  or	
  groups	
  of	
  data	
  points	
  that	
  possess	
  strong	
  internal	
  similari.es.	
  



K-­‐means	
  
Given	
  an	
  ini+al	
  set	
  of	
  centers,	
  the	
  K-­‐means	
  algorithm	
  alternates	
  the	
  two	
  steps:	
  
•  For	
  each	
  center	
  we	
  iden+fy	
  the	
  subset	
  of	
  training	
  points	
  (its	
  cluster)	
  that	
  is	
  

closer	
  to	
  it	
  than	
  any	
  other	
  center	
  
•  The	
  means	
  of	
  each	
  feature	
  for	
  the	
  data	
  points	
  in	
  each	
  cluster	
  are	
  computed,	
  

and	
  this	
  mean	
  vector	
  becomes	
  the	
  new	
  center	
  for	
  that	
  cluster	
  

These	
  two	
  steps	
  are	
  iterated	
  un+l	
  convergence.	
  Typically	
  the	
  ini+al	
  centers	
  
are	
  randomly	
  chosen	
  observa+ons	
  from	
  the	
  training	
  data.	
  

Limita+ons:	
  
-­‐The	
  convergence	
  to	
  a	
  global	
  op+mum	
  is	
  not	
  guaranteed	
  
-­‐The	
  results	
  depend	
  on	
  the	
  ini+al	
  (random)	
  par++on	
  
-­‐The	
  user	
  has	
  to	
  provide	
  the	
  desired	
  number	
  of	
  clusters	
  
-­‐It	
  does	
  not	
  work	
  well	
  for	
  data	
  that	
  differ	
  in	
  size,	
  density	
  or	
  are	
  non-­‐globular	
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Distor+on:	
  

H (X,Y ) = − p(x, y) log p(x, y)
y
∑

x
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Entropy:	
  

F = D−TH
Lagrangian:	
  

Minimizing	
  F	
  with	
  respect	
  to	
  
the	
  associa+on	
  probabili+es:	
  

1	
  

Minimize	
  F*	
  with	
  respect	
  
to	
  cluster	
  loca+ons	
  {y}:	
  	
  

2	
  

T =αT

α <1

This	
  algorithm	
  is	
  determinis+c	
  because	
  it	
  minimizes	
  the	
  cost	
  func+on	
  F	
  directly	
  
rather	
  than	
  via	
  stochas+c	
  simula+on	
  (random	
  sampling).	
  

p(x, y) = p(x) p(y | x)



Synthe+c	
  data	
  

DA	
  outputs:	
  
{y},	
  {p(y)},	
  {p(y|x)},	
  D	
  and	
  R	
  

T→∞

T→ 0

K =1

K = N



AIRS	
  data	
  

20	
  clusters	
  

P	
  =	
  407	
  hPa	
  

AIRS.2002.09.06.176.L2.RetSup.v5.9.2.0.hdf	
  



AIRS	
  data	
  



Current	
  clustering	
  applica+ons	
  

AIRS	
  Level	
  3	
  quan+za+on	
  products	
  (L3Q)	
  is	
  a	
  standard	
  AIRS	
  data	
  product	
  available	
  
from	
  the	
  Goddard	
  DAAC	
  for	
  the	
  en+re	
  length	
  of	
  the	
  AIRS	
  mission.	
  	
  

CloudSat:	
  First	
  algorithm	
  performs	
  clustering	
  analysis	
  to	
  group	
  individual	
  cloud	
  profile	
  
in	
  to	
  a	
  cluster,	
  then	
  applies	
  rules	
  and	
  classifica+on	
  methods	
  to	
  classify	
  it	
  into	
  
different	
  cloud	
  types.	
  The	
  cloud	
  clustering	
  analysis	
  provides	
  cloud	
  horizontal	
  and	
  
ver+cal	
  extent	
  features.	
  

A	
  K-­‐means	
  clustering	
  algorithm	
  was	
  used	
  to	
  classify	
  Tropical	
  Rainfall	
  Measuring	
  Mission	
  
(TRMM)	
  Precipita+on	
  Radar	
  (PR)	
  scenes	
  within	
  18	
  square	
  patches	
  over	
  the	
  tropical	
  
(158S–158N)	
  oceans.	
  Three	
  cluster	
  centroids	
  or	
  ‘‘regimes’’	
  …	
  were	
  sought.	
  

…	
  



Conclusion	
  
The	
  determinis+c	
  annealing	
  algorithm	
  has	
  advantages	
  (over	
  other	
  algorithms):	
  
-­‐It	
  is	
  determinis+c:	
  there	
  are	
  rules	
  to	
  calculates	
  the	
  different	
  quan++es.	
  There	
  
is	
  no	
  need	
  for	
  random	
  sampling	
  or	
  expensive	
  stochas+c	
  trials.	
  
-­‐It	
  depends	
  on	
  only	
  one	
  parameter.	
  Moreover	
  this	
  dependence	
  is	
  very	
  weak	
  
(non-­‐existent)	
  for	
  most	
  prac+cal	
  cases	
  (rela+vely	
  low	
  number	
  of	
  clusters	
  
requested).	
  It’s	
  easy	
  for	
  the	
  user.	
  
-­‐It	
  does	
  not	
  solely	
  depend	
  on	
  the	
  distance	
  criterion	
  

Determinis+c	
  annealing	
  can	
  be	
  used	
  for:	
  
-­‐compression	
  while	
  retaining	
  some	
  sta+s+cal	
  proper+es	
  of	
  the	
  data	
  
-­‐feature	
  extrac+on	
  


