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Wind extraction from satellite images 

R e q u i r e s m a s s i v e d a t a p r o c e s s i n g a n d l e a r n i n g . 

N e e d s f a s t p r o c e s s i n g a l g o r i t h m t o a s s i s t h u m a n d e t e c t i o n 

A r t i f i c i a l n e u r a l n e t w o r k ( A N N ) a p p r o a c h 

1. p a r a l l e l p r o c e s s i n g a b i l i t y 

2 . c a p a b i l i t y o f l e a r n i n g 

3 . g r a c e f u l d e g r a d a t i o n o f p e r f o r m a n c e u n d e r c o n d i ­

t i o n s o f a m b i g u i t y 

4 . e a s y t o b e e x e c u t e d i n r e a l - t i m e 

Two-Stage Procedure for Wind Extraction Based on Cloud 

Motion 

S t a g e 1. A N N C l a s s i f i c a t i o n 

- t o d e t e r m i n e c l o u d t y p e . 

S t a g e 2 . A N N M a t c h i n g 

- t o d e t e r m i n e t h e d i s p l a c e m e n t / v e l o c i t y 
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Artificial Neural Networks (ANN) 

C o m p u t i n g s y s t e m s c o n s i s t o f n e t w o r k s o f i n d e p e n d e n t p r o ­

c e s s i n g e l e m e n t s ( n e u r o n s ) t h a t a r e h i g h l y i n t e r c o n n e c t e d . 

P r o c e s s i n g i s p e r f o r m e d t h r o u g h i n t e r a c t i o n b e t w e e n n e u ­

r o n s . 

L e a r n i n g i s a c h i e v e d t h r o u g h u p d a t i n g t h e i r i n t e r a c t i o n s 

( w e i g h t s ) . • 

A N N T o p o l o g y U = T V + I 

V = g ( U ) 
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Classification with ANN 

1. C l a s s i f i c a t i o n b a s e d u p o n m u l t i - s o u r c e m e a s u r e m e n t s , e . g . , 

S S M I 

S S M I m e a s u r e m e n t c l a s s i f i c a t i o n c h a r a c t e r i s t i c s 

I n p u t : S S M I m e a s u r e m e n t s ( b r i g h t n e s s t e m p e r a t u r e ) a t d i f f e r ­

e n t c h a n n e l s 

f r e q u e n c i e s a n d 1 9 H 1 9 V 

p o l a r i z a t i o n s 

2 2 V 3 7 H 3 7 V 8 5 H 8 5 V 

O u t p u t s u r f a c e f e a t u r e s : Non-Sm R-Ocean Snow R-Land Desert 

2 . C l a s s i f i c a t i o n b a s e d u p o n t e x t u r e i n f o r m a t i o n o f t h e i m a g e s 

I n p u t F e a t u r e : O u t p u t C l a s s e s 

m e a n , s t a n d a r d d e v i a t i o n , 

c o n t r a s t , a n g u l a r 

m o m e n t s , 

h o m o g e n e i t y , e n t r o p y , 

e t c . 

S t r a t o c u m u l u s 

C u m u l u s 

C i r r u s 
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C l a s s i f i c a t i o n a c c u r a c y f o r S S M I 

A c t u a l s u r f a c e 

C l a s s i f i e d N o n - S 

m 

R - O c e a 

n 

S n o w D e s e r t R - L a n d 

N o n - S m 8 2 . 1 8 % 0 0 . 0 5 % 5 . 0 6 % 1 9 . 0 2 % 

R - O c e a n 1 5 : 0 4 % 9 7 . 5 6 % 2 . 9 3 % 0 1 . 9 5 % 

S n o w 0 0 9 7 . 0 2 % 1 6 . 5 4 % 0 

D e s e r t 0 . 0 2 % 0 0 7 8 . 4 % 0 

R - L a n d 2 . 7 5 % 2 . 4 4 % 0 0 7 9 . 0 2 % 

O v e r a l l A c c u r a c y : 8 8 . 2 7 % 
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M a t c h i n g w i t h c o r r e l a t i o n m e t h o d 

Search Image : gfr) 

[ 

w, A 
7= ( x , y ) k, y,) 

r1- ( x', y') 

r̂ = (x, , y,) „ w, • 

reference image : f(f) 

l . ( r ' ) 

w. r 
(x.. y.) 

w„-

f. = (x 0 , y„ ) 

D e f i n i t i o n o f i m a g e c o o r d i n a t e s . 

T h e m e a n s q u a r e e r r o r b e t w e e n t h e t w o n o r m a l i z e d i m a g e s i s 

D { 7 ) = h l [ i ~ m r ) ~ W ) { I s ( 7 ' , 7 ) ~ m s ( 7 ) ) ] 2 

A m a t c h e x i s t s w h e n D (7) i s m i n i m u m . E x p a n d i n g a b o v e e q u a ­

t i o n , a c r o s s - c o r r e l a t i o n i s e x p r e s s e d a s 

9(7) = ~ 1(1X7') - mr) ( / , ( ? ' , 7) - ms(7)fl(5rüs(7) 

A s p ( r ) r e a c h e s i t s m a x i m u m v a l u e , a m a t c h i s o b t a i n e d . T h e 

d i s p l a c e m e n t v e c t o r (7) o r t h e v e l o c i t y c a n b e o b t a i n e d . 
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Matching with ANN 

Method 1. Batch algorithm 
The energy function of the neural network 

Nr x Nc x (D + 1) interconnected neurons) is defined as 

(with 

D 

E - £ X Tijjc.l m}nviJ-fkvl m n S l I i j > k V i j > k 

L i,l,j,m k,n ij k 

where 
N r and N c are the sizes of the images, 
D is the maximum displacement, and 
v is the state of the neuron which represents the displacement 

of pixel (i,j). 

O neuron 

Caelum Research Corporation 

217 



Suppose that M images are used for matching, the error function 

where 

D (r): MSE between pair of images 

-pedge. displacement of the edge of the target 

r: displacement of each pixel or target 

K and X are the constants to adjust the importance of each term. 

S denotes total shift between two image frames. 

The interconnection strengths and bias inputs can be obtained as 

and 
M - l 

Batch matching procedure: 

1. Estimate the network input. 

2. Set the initial state of the neurons. 

3. Update the state of all neurons. 

4. Check the energy function (£); i f E does not change, stop, 

otherwise go back to step 3. 
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Real Time (Recursive) Algorithm: 

When pth image becomes available, the bias input is 

updated by 

/ / > M (P) = /,,M(p - 1 ) +^A[-(M(p)f- K ( A ? * » ) 2 ] 

the weight is same as batch method. 

Real time procedure: 

1. Update the bias input. 

2. Initialize the state of the neurons. 

3. I f new frame comes, go to step 1; otherwise, step 4. 

4. Update the neuron state. 
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SUMMARY 

Artificial Neural Networks (ANNs) 

1. parallel processing ability 

2. capability of learning 

3. graceful degradation of performance under conditions of 

ambiguity 
4. easy to be executed in real-time 

Two stage procedure: 

ANN Classification 

ANN Matching: Batch and Real time algorithms 

Caelum Research Corporation 

220 



3. CONCLUSIONS 

c o n c l u s i o n s based on a n a l y s i s of the d a t a to date a r e : 

o T h e v e l o c i t y o £ ^ f e l l i t e c l o u d t r a c , J ^ & Ä » 

assignment techniques. 

move out from under the major cloud shxeld of a storm. 

H a i f - h o u r ' p e r i o d s of 5 minute imagery every 3 hours should 

£SÄ=Ä Ä s t s . 

-, 4 - ^ „ e n* f h P 6 oer day 15 minute i n t e r v a l s a t e l l i t e 
No e v a l u a t i o n s or tne e> P e i •"-
wind data s e t s have as y e t been reported. 
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GOES EAST SCHEDULE FOR ERICA. 

Figure 1. 
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