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Blob Tracking

§ O u r g o a l i s t o b u i l d a n a p p t h a t d e t e c t s w h e n s o m e t h i n ge n t e r s t h e v i s u a l r a n g e o f a w e b c a m
§ E x a m p l e u s e : D e t e c t w h e n s o m e o n e e n t e r s y o u r r o o m .
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The Basic Process

§ G e t a n i m a g e f r o m t h e w e b c a m
§ S u b t r a c t s o m e n o t i o n o f ‘ b a c k g r o u n d ’
§ ‘ G r o w ’ r e g i o n s o f p i x e l s t o r e d u c e n o i s e

Getting the Image
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Java Media Framework

§

§

§

§ I t i s a n ‘ o f f i c i a l ’ S u n l i b r a r y
§ G i v e s u s a c c e s s t o o u r w e b c a m r e a s o n a b l y s i m p l y

Abstraction, abstraction, abstraction...

§

§ M i g h t n e e d a d i f f e r e n t l i b r a r y f o r a d i f f e r e n t w e b c a m
§ M i g h t e v e n w a n t t o i n p u t f r o m a v i d e o f i l e

§

§ p u b l i c i n t e r f a c e F r a m e I n t e r f a c e {p u b l i c v o i d o p e n ( S t r i n g d e s c r i p t o r ) ;p u b l i c B u f f e r e d I m a g e g e t N e x t F r a m e ( ) ;p u b l i c v o i d c l o s e ( ) ;}
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Concrete Instantiation

§

§

§

§

J M F F r a m e S o u r c e
< < I n t e r f a c e > >F r a m e I n t e r f a c e

Aside: BufferedImage

§

§ T h i s i s a s t a n d a r d c l a s s i n t h e c l a s s l i b r a r y t o h a n d l e i m a g e s
§ T h e “ B u f f e r e d ” b i t m e a n s t h a t t h e i m a g e i s r e p r e s e n t e d b ya n a c c e s s i b l e b u f f e r – a g r i d o f p i x e l s
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Aside: RGB Pixels

§

§

§ T h e c o l o u r i s m a d e u p f r o m o n l y R e d , G r e e n a n d B l u e .
§ W e u s e 2 4 b i t s t o r e p r e s e n t t h e c o l o u r

§ 8 b i t s r e d ( 0 - 2 5 5 )
§ 8 b i t s g r e e n ( 0 - 2 5 5 )
§ 8 b i t s b l u e ( 0 - 2 5 5 )

§ E . g . P u r p l e = 1 6 0 - 3 2 - 2 4 0 ( R - G - B )
§ W e c a n t h i n k o f t h i s a s a c o l o u r s p a c e

§ L i k e 3 D s p a c e b u t x y z b e c o m e s r g b

Aside: RGB Pixels

§ W e w i l l n e e d t o g e t a t i n d i v i d u a l p i x e l s
§ B u f f e r e d I m a g e p r o v i d e s g e t R G B ( . . . ) m e t h o d s
§ E a c h p i x e l i s g i v e n a s a n i n t : 3 2 b i t i n tA l p h a R e d G r e e n B l u ei n t c o l o u r = . . .i n t r = ( ( c o l o u r > > 1 6 ) & 0 x 0 0 0 0 0 0 F F ) ;i n t g = ( ( c o l o u r > > 8 ) & 0 x 0 0 0 0 0 0 F F ) ;i n t b = ( ( c o l o u r ) & 0 x 0 0 0 0 0 0 F F ) ;
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Software So Far

J M F F r a m e S o u r c e
< < I n t e r f a c e > >F r a m e I n t e r f a c eB l o b T r a c k e r 1D i s p l a y P a n e l 1

J P a n e l J F r a m e

A D i s p l a y P a n e l i sd e r i v e d f r o mJ P a n e l a n d a l l o w su s t o d i s p l a y t h eo u t p u t i m a g e o nt h e s c r e e n
B l o b T r a c k e re x t e n d s J F r a m e t om a k e a w i n d o w o nt h e s c r e e n h o l d i n ga D i s p l a y P a n e l . I tc o n t a i n s t h e m a i n ( )m e t h o d

Subtracting the Background
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Strategy Pattern

§ T h e r e a r e l o t s o f a l g o r i t h m s f o r b a c k g r o u n d s u b t r a c t i o n
§ W e s h o u l d s t r u c t u r e o u r s o f t w a r e t o m a k e i t e a s y t o s e l e c tb e t w e e n m u l t i p l e a l g o r i t h m s
§ T h i s o f c o u r s e m e a n s u s i n g t h e S t r a t e g y p a t t e r nB l o b T r a c k e r < < i n t e r f a c e > >B a c k g r o u n d S u b t r a c t o r

S i m p l e B a c k g r o u n d S u b t r a c t o r
1 S u b t r a c t ( . . . )

S u b t r a c t ( . . . )
BackgroundSubtractor Interface

§

§

§

i m p o r t j a v a . u t i l . L i s t ;p u b l i c i n t e r f a c e B a c k g r o u n d S u b t r a c t o r {p u b l i c L i s t < P i x e l > S u b t r a c t ( i n t [ ] p i x e l s ) ;}
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SimpleBackgroundSubtractor

§

§

§

§ T h e n w e c o m p u t e t h e E u c l i d i a n d i s t a n c e a p a r t i n r g b s p a c e
§ I f i t ’ s g r e a t e r t h a n s o m e t h r e s h o l d , w e t a k e i t a s d i f f e r e n tt o t h e b a c k g r o u n d
§ T h e t h r e s h o l d a l l o w s u s t o a c c o u n t f o r n o i s e w h i c h i s t h e r ee v e n f o r a s t a t i c b a c k g r o u n d

Things to Note

§

§

§ T h i s i s a n a r r a y o f p r i m i t i v e i n t s s o t h a t ’ s a l l w e n e e d
i f ( m B a c k g r o u n d = = n u l l ) {m B a c k g r o u n d = p i x e l s . c l o n e ( ) ;r e t u r n n e w L i n k e d L i s t < P i x e l > ( ) ;}
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Things to Note

§ L i n k e d L i s t < P i x e l > f o r e g r o u n d l i s t = n e w L i n k e d L i s t < P i x e l > ( ) ;f o r ( i n t i = 0 ; i < p i x e l s . l e n g t h ; i + + ) {i n t r = ( ( p i x e l s [ i ] > > 1 6 ) & 0 x 0 0 0 0 0 0 F F ) ;. . .i n t d i s t s q = ( r - b r ) * ( r - b r ) + ( b - b b ) * ( b - b b ) + ( g - b g ) * ( g - b g ) ;i f ( d i s t s q > m T h r e s h o l d * m T h r e s h o l d ) {f o r e g r o u n d l i s t . a d d ( n e w P i x e l ( i , m I m a g e W i d t h ) ) ;}}

Region Growing
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Why Bother?

§ T h e r e i s a l w a y s s o m u c h n o i s e t h a t i t i s n ’ t e n o u g h t o j u s tc o u n t t h e f o r e g r o u n d p i x e l s a n d t a k e t h a t a s a n i n d i c a t o r o ft h e s i z e o f o b j e c t i n v i e w
§ W e n e e d t o f i n d r e g i o n s i n t h e i m a g e w h e r e a l l t h e a d j a c e n tp i x e l s a r e m a r k e d a s f o r e g r o u n d
§ S o h o w t o w e g o f r o m a l i s t o f f o r e g r o u n d p i x e l s t o l i s t s o fn e i g h b o u r i n g , c o n n e c t e d p i x e l s ?
§ U n s u r p r i s i n g l y , t h e r e a r e l o t s o f a l g o r i t h m s . . .

Strategy Pattern Again

J M F F r a m e S o u r c e
< < I n t e r f a c e > >F r a m e I n t e r f a c eB l o b T r a c k e r 1

R e c u r s i v e R e g i o n E x t r a c t o r
< < I n t e r f a c e > >R e g i o n E x t r a c t o r1

S c a n n i n g R e g i o n E x t r a c t o r
e x t r a c t R e g i o n s ( )

e x t r a c t R e g i o n s ( ) e x t r a c t R e g i o n s ( )
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RegionExtractor

§ W e g e t b a c k a L i s t o f R e g i o n s
§ C h o o s e a L i s t b e c a u s e w e w i l l w a n t o r d e r i n g

§ S o r t b y s i z e
§ R e m o v e s m a l l r e g i o n s ( n o i s e )

§

§ W e h a v e t o t e l l i t

p u b l i c i n t e r f a c e R e g i o n E x t r a c t o r {p u b l i c L i s t < R e g i o n > e x t r a c t R e g i o n s ( L i s t < P i x e l > p i x e l s ) ;}

Region

§ T o s o r t o b j e c t s , t h e r e m u s t b e a w a y t o c o m p a r e t h e m
§ J a v a o f f e r s u s t h e C o m p a r a b l e i n t e r f a c ep u b l i c c l a s s R e g i o n e x t e n d s L i n k e d L i s t < P i x e l > i m p l e m e n t sC o m p a r a b l e < R e g i o n >{ p u b l i c i n t c o m p a r e T o ( R e g i o n r ) {i f ( t h i s . s i z e ( ) > r . s i z e ( ) ) r e t u r n - 1 ;i f ( t h i s . s i z e ( ) < r . s i z e ( ) ) r e t u r n 1 ;r e t u r n 0 ;}}
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Region

§

§

§L i s t < R e g i o n > r e g i o n l i s t = m R e g i o n E x t r a c t o r . e x t r a c t R e g i o n s ( f g p i x e l s ) ;I t e r a t o r < R e g i o n > i t = r e g i o n l i s t . i t e r a t o r ( ) ;w h i l e ( i t . h a s N e x t ( ) ) {R e g i o n r = i t . n e x t ( ) ;i f ( r . s i z e ( ) < 1 0 ) i t . r e m o v e ( ) ;}C o l l e c t i o n s . s o r t ( r e g i o n l i s t ) ;
RecursiveRegionExtractor

§

§

§
- 1 m e a n s t h e c e l l i s b a c k g r o u n d

§
0 m e a n s t h e c e l l i s b e l i e v e d t o b e f o r e g r o u n d- 1 - 1 - 1- 1 0 - 10 0 - 1L i s t < P i x e l >
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RecursiveRegionExtractor

§ F i r s t w e w r i t e a f u n c t i o n t h a t , g i v e n a p i x e l t h a t i s f o r e g r o u n d :
§

L a b e l s i t w i t h a r e g i o n n u m b e r
§ R u n s i t s e l f o n a n y n e i g h b o u r i n g p i x e l s t h a t a r e f o r e g o u n d
§ S e e e x t r a c t R e g i o n ( . . . )- 1 - 1 - 1- 1 0 - 10 0 - 1 - 1 - 1 - 1- 1 1 - 10 0 - 1 - 1 - 1 - 1- 1 1 - 10 1 - 1S t a r t o n ( 1 , 1 )

• M a r k ( 1 , 1 ) w i t h a u n i q u e r e g i o n I D
• L o o k a t t h e n e i g h b o u r s t o s e ew h e t h e r ( 1 , 1 ) h a s a n y f o r e g r o u n dn e i g h b o u r s • R u n f u n c t i o n o n ( 1 , 2 )

RecursiveRegionExtractor

§ J u s t t h e s e t h r e e p i x e l s n e e d a s e r i e s o f r e c u r s i v e c a l l s t oe x t r a c t R e g i o n ( r e c u r s i v e = c a l l s i t s e l f )
§ S o , t h e b i g g e r t h e r e g i o n , t h e m o r e f u n c t i o n c a l l s J a v a h a s t ok e e p t r a c k o f s i m u l t a n e o u s l y
§ T h i n g s c a n g o w r o n g . . .

§ W e s e e a S t a c k O v e r f l o w E x c e p t i o n
§

A l w a y s a p o t e n t i a l p r o b l e m w i t h r e c u r s i v e f u n c t i o n s

e x t r a c t R e g i o n ( P i x e l : 1 1 L a b e l 1 )e x t r a c t R e g i o n ( P i x e l : 1 2 L a b e l 1 )e x t r a c t R e g i o n ( P i x e l : 0 2 L a b e l 1 )
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ScanningRegionExtractor

§

§ N o S t a c k O v e r f l o w
§ B e t t e r p e r f o r m a n c e a n y w a y
§ M u c h e a s i e r t o d e b u g ! !

§

§ I t ’ s a n e a t a l g o r i t h m b u t I d o n ’ t i n t e n d t o g o t h r o u g h i th e r e
§ C a n y o u w o r k i t o u t a n d d e s c r i b e i t i n < 1 5 0 w o r d s ?

Making it all Fly...


