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Colour is a key element in the discrimination
and matching of textile fibres for forensic
purposes. Two aspects of research aimed at
developing an autcmated forensic textile fibre
matching system by colour computer vision are
outlined. The segnentation procedure is
described. It is based on a mult{resolution
image format and incorporates progressive plan
refinement. Filters for building the
milt {resolution image are compared and
reconwendations made as to when they might be
useful. The use of colour, as it relates to
this application, is formulated in terms of
classical pattern recognition. The colour space
clusters associated with textile fibre classes
are described and a suitable clustering scheme
is presented.

INTRODUCTION

C o l o u r h a s b e e n i n c o r p o r a t e d in c o m p u t e r v i s i o n

s y s t e m s w i t h a n u m b e r of d i f f e r e n t r e a s o n s in

m i n d . U s u a l l y the m e a n i n g f u l p a r t i t i o n i n g of

co l o u r i m a g e r y is the s o l e o b j e c t i v e , b e i n g

p e r f o r m e d by c o m b i n i n g a c h r o m a t i c a n d c h r o m a t i c

i n f o r m a t i o n 1 ' 2 . O t h e r s e x t e n d t h i s a i m a n d u s e

c o l o u r as an a u x i l l i a r y a i d to o b j e c t

r e c o g n i t i o n a n d l a b e l l i n g s o that it b e c o m e s a

c o m p o n e n t of the s c e n e d e s c r i p t i o n as an

a d d i t i o n a l a d j e c t i v e 3 . C l o s e r to the p u r p o s e

of the r e s e a r c h d e s c r i b e d in t h i s p a p e r is the

im p o r t a n t p l a c e that m u 1 t i s p e c t r a 1 i n f o r m a t i o n

takes for r e g i o n c l a s s i f i c a t i o n in r e m o t e

s e n s i n g ( w i t h s p a t i a l c o n t e x t , t e m p o r a l a n d

e x t e r n a l a u x i l l i a r y i n f o r m a t i o n o n l y a d o p t i n g a

s e c o n d a r y r o l e ) * * . T h e g o a l h a s s h i f t e d to the

r e c o g n i t i o n of s p e c i f i c o b j e c t s or r e g i o n s

w h e r e c o l o u r is the p r i m a r y d i s c r i m i n a t o r y

f e a t u r e , the o b j e c t s o r r e g i o n s b e i n g o t h e r w i s e

s i m i l a r . T h e c o l o u r of an o b j e c t m a y s i g n a l

its s t a t e s , c o d e its p r o p e r t y 6 , or as in t h i s

r e s e a r c h , i d e n t i f y its c l a s s m e m b e r s h i p .

C o l o u r is a k e y e l e m e n t in t e x t i l e f i b r e

m a t c h i n g for f o r e n s i c p u r p o s e s .

T e x t i l e f i b r e s a r e a m o n g s t t h e n u m b e r of t r a c e

m a t e r i a l s w h i c h m a y r e m a i n as e v i d e n c e s a f t e r

the c o m m i s s i o n of a c r i m e , b e i n g t r a n s f e r r e d

f r o m the c r i m i n a l ' s c l o t h i n g to the v i c t i m o r

the s u r r o u n d i n g s , or v i c e v e r s a . W h i l s t

c o m b i n g the s c e n e of the c r i m e t h e f o r e n s i c

s c i e n t i s t w i l l r e c o v e r as m a n y of t h e s e f i b r e

a r t e f a c t s as p o s s i b l e , p e r h a p s a l s o r e m o v i n g at

the s a m e time a l a r g e n u m b e r of s u p e r f l u o u s

f i b r e s . F u r t h e r m o r e , a s m a l l s a m p l e o f f i b r e s ,

d e n o t e d the c o n t r o l f i b r e s , a r e i s o l a t e d as

b e i n g r e p r e s e n t a t i v e of a s u s p e c t ' s g a r m e n t s .

T h e f o r e n s i c s c i e n t i s t s e e k s to e s t a b l i s h

w h e t h e r the s u s p e c t w a s at the s c e n e of the

c r i m e by s e a r c h i n g for f i b r e m a t c h e s w h i l s t

c o m p a r i n g the r e c o v e r e d f i b r e s w i t h t he c o n t r o l

f i b r e s t h o r o u g h l y . T h e f i b r e s a r e i n i t i a l l y

c o m p a r e d u n d e r a m i c r o s c o p e o n the b a s i s of

thei r c o l o u r . T h i s is the m o s t s i g n i f i c a n t

v i s u a l d i s c r i m i n a t o r y f e a t u r e at the l o w

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

s i f t . P u t a t i v e m a t c h e s a r e i s o l a t e d a n d

f o r w a r d e d for m o r e d e t a i l e d c o n f i r m a t o r y t e s t s .

R e s e a r c h is b e i n g c a r r i e d o ut w i t h t h e a i m of

d e v e l o p i n g a c o l o u r v i s i o n s y s t e m w h i c h w i 1 I

r e p l a c e the p r e l i m i n a r y m a n u a l s c r e e n i n g

p r o c e d u r e , l o c a t e a n d f a c i l i t a t e the r e l o c a t i o n

and r e m o v a l of m a t c h e s f r o m a m o n g s t r e c o v e r e d

f i b r e s . T h i s a p p l i c a t i o n s h a r e s f u n c t i o n a l

e l e m e n t s c o m m o n in m a n y o t h e r m a c h i n e v i s i o n

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

p r e p r o c e s s i n g a n d c o n d i t i o n i n g , i m a g e

s e g m e n t a t i o n , o b j e c t d i s c r i m i n a t i o n a n d

i d e n t i f i c a t i o n a n d s c e n e d e s c r i p t i o n . In thi s

p a p e r two e l e m e n t s w i l l b e e m p h a s i z e d . F i r s t ,

the s e g m e n t a t i o n p r o c e d u r e . A l t h o u g h t a i l o r e d

to the i m a g e r y ( f i b r e m i c r o s c o p y ) , the d e t a i l s

are p e r t i n e n t to t h o s e a p p l i c a t i o n s , ( o r

g e n e r a l v i s i o n s y s t e m s ) , w h e r e o b j e c t s of

i n t e r e s t f o r m a s m a l l p a r t of the i m a g e , but

are s e p e r a b l e f r o m t h e ' b a c k g r o u n d ' o n the

ba s i s of a f e w i m a g e p r o p e r t i e s . S e c o n d , t h e

o b j e c t d i s c r i m i n a t i o n a n d m a t c h i n g p r o c e s s ,

w h i c h is b a s e d o n o b j e c t c o l o u r , w i l l b e

f o r m u l a t e d in t e r m s of c l a s s i c a l p a t t e r n

r e c o g n i t i o n . T h e a c c o u n t is r e l e v a n t to t h o s e

a p p l i c a t i o n s w h e r e c o l o u r h a s a p r i m a r y r o l e in

o b j e c t i n d e n t i f i c a t i o n , o r to g e n e r e l v i s i o n

s y s t e m s w h e r e c o l o u r h a s a s u b o r d i n a t e r o l e b ut

is u s e f u l for c e r t a i n t a s k s .

SEGMENTATION BY MULTIRESOLUTION
PLANNING

In c o m m o n w i t h the i m a g e r y a s s o c i a t e d w i t h m a n y

t a s k s i n v o l v i n g b r i g h t f i e l d m i c r o s c o p y w h i c h

m a y be t a c k l e d by c o m p u t e r v i s i o n , t h e i m a g e r y

a s s o c i a t e d w i t h f i b r e a n a l y s i s u s u a l l y c o n s i s t s

of small r e g i o n s of f o c a l i n t e r e s t , s t r a n d s in

this i n s t a n c e , s e p a r a t e d to a g r e a t e r o r l e s s e r

d e g r e e by i r r e l e v a n t ' b a c k g r o u n d ' . S u c h

i m a g e r y is n o t c o n f i n e d to m i c r o s c o p y a n d is

e s p e c i a l l y s u i t e d to e f f i c i e n t ' f o c u s of
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a t t e n t i o n ' p r o c e s s i n g u s i n g a m u 1 t i r e s o l u t i o n

image r e p r e s e n t a t i o n 7 . G l o b a l d e c i s i o n s

r e g a r d i n g the p a r t i t i o n i n g of the h i g h

r e s o l u t i o n i m a g e m a y be m a d e by e x a m i n i n g

c o n d e n s e d v e r s i o n s of it. G i v e n the f o r e g o i n g ,

a s e g m e n t a t i o n p r o c e d u r e b a s e d o n

mu 1 t i r e s o l u t i o n t e c h n i q u e s h a s b e e n a d o p t e d in

this r e s e a r c h .

B r i e f l y , in m u l t i r e s o l u t i o n i m a g e p r o c e s s i n g a n

image is r e p r e s e n t e d at s e v e r a l d e g r e e s of

spa t i a l d e t a i l s i m u l t a n e o u s l y . T h i s s t r u c t u r e

w i l l be r e f e r r e d to as a p y r a m i d . T h e

p r o t o t y p e i m a g e , d e n o t e d level 0, h a v i n g 2 " x 2 "

c e l l s , is r e c u r s i v e l y d e c o m p o s e d i n t o

2 " - 1 x 2 " - 1 , . . , 2 x 2 , l x l v e r s i o n s , l a b e l l e d level 1

to level n [ f i g . l . ] . G e n e r a l l y , level k

( O ^ k ^ n ) h a s 2"-*x2"-* c e l l s . In this r e s e a r c h ,

the cell at l o c a t i o n ( i , j ) on level k h o l d s the

result of a l i n e a r o r n o n - l i n e a r f i l t e r

o p e r a t i o n d e f i n e d o n a w i n d o w of s i d e s, (s

odd or e v e n ) , at level k - 1 , h a v i n g o r i g i n

( 2i - c e i l [ s / 2 ] + 1, 2j - c e i l [ s / 2 ] + 1 )

( c e i l [ x ] r o u n d s x u p to the n e a r e s t i n t e g e r

n u m b e r ) . T h i s d e t e r m i n e s the c o r r e s p o n d e n c e s

b e t w e e n the cell l a t t i c e s at a d j a c e n t p y r a m i d

levels for o d d and e v e n f i l t e r w i n d o w s as s h o w n

in f i g . 2 . . In g e n e r a l , a cell at level k

r e p r e s e n t s ( ( s - l ) 2 1 * - m - ( s - 2 ) ) 2 c e l l s at level

m ( n K k ) . E a c h level m a y c o n s i s t of s e v e r a l

p l a n e s , e a c h c o n t a i n i n g a d i f f e r e n t p o i n t

p r o p e r t y . In c o l o u r i m a g e r y , t h r e e p l a n e s

m i g h t h o l d the r e d , g r e e n a n d b l u e ( R G B ) c o l o u r

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

a t t r i b u t e is thus u n i q u e l y a d d r e s s e d by its

p l a n e , level and s p a t i a l c o o r d i n a t e .

V a r i o u s s e g e m e n t a t i o n s c h e m e s u t i l i s i n g this

m u 1 t i r e s o l u t i o n f o r m a t h a v e b e e n s u g g e s t e d in

the l i t e r a t u r e . T h i s r e s e a r c h h a s u s e d a

I?1 k ..
2n-kx2n-k

Level 1

Figure 1. Multiresolution image format

.Level 0
2\2n

l<>l I b l
Figure2. Cell lattice correspondences lor |a| odd and

|b| even tiller windows between adjacent
pyramid levels. Crosses refer to level k and
dots to level k-1. Origins indicated by arrows.

t h o s e p a r t s of the

i n t e r e s t . T h i s

sui ted to a ser iaI

the e x c e s s i v e ( a n d

s t r a t e g y i n c o r p o r a t i n g ' p l a n n i n g ' s i m i l a r to

that p r o p o s e d by K e l l y 8 . R a t h e r t h a n

r e c u r s i v e l y d e s c e n d i n g the p y r a m i d to a c h e i v e

s e g m e n t a t i o n s , or i t e r a t i v e l y b u i l d i n g a

p y r a m i d in w h i c h c e l l s f r o m a d j a c e n t l e v e l s a r e

linked in a w a y that e m b o d i e s the

s e g m e n t a t i o n 1 0 , the s e g m e n t a t i o n is

s u c c e s s i v e l y p l a n n e d in g r e a t e r d e t a i l w h i l s t

d e s c e n d i n g the p y r a m i d level by l e v e l . T h e

p l a n at a p a r t i c u l a r level is s t o r e d in a

sp e c i a l d a t a s t r u c t u r e w h i c h c a n g r o w or s h r i n k

as the p l a n is e x t e n d e d or d i s o l v e d . It is

used to d i r e c t the f o r m a t i o n of a m o r e

s p a t i a l l y r e f i n e d p l a n at the next l o w e r level

so that at level 0 the p l a n e m b o d i e s the

s e g m e n t a t i o n , d e l i n e a t i n g

image of par t i c u l a r

s t a i g h t f o r w a r d s c h e m e is

i m p l e m e n t a t i o n a n d a v o i d s

u n n e c e s s a r y ) cost of r e c u r s i v e c o m p u t a t i o n (by

t r a d i n g m e m o r y a n d e l e g a n c e for s p e e d ) and

i n c o r p o r a t e s the idea of ' f o c u s of a t t e n t i o n '

in a m o r e r e l e v a n t w a y than i t e r a t i v e p y r a m i d

l i n k i n g (by a v o i d i n g the cost of l i n k i n g t h o s e

p a r t s of the ima g e of l i t t l e or no i n t e r e s t ) .

F i l t e r s f o r P y r a m i d B u i l d i n g

T h e i n h e r e n t f l e x i b i l i t y a f f o r d e d by u s i n g

s o f t w a r e to b u i l d the p y r a m i d h a s b e e n

e x p l o i t e d by i n v e s t i g a t i n g the s u i t a b l i t y of a

s e l e c t i o n of l i n e a r a n d n o n - l i n e a r f i l t e r s for

p y r a m i d b u i l d i n g . T h i s is not a c o m p l e t e s t u d y

and is e s s e n t i a l l y e m p i r i c a l but it d o e s s e r v e

to i l l u s t r a t e the i m p o r t a n c e of c o n s i d e r i n g the

n a t u r e of a p y r a m i d in t e r m s of h o w a p p r o p r i a t e

it is for the p a r t i c u l a r t a s k . In b u i l d i n g a

p y r a m i d the s p a t i a l r e s o l u t i o n is r e d u c e d

w h i l s t t h o s e i m a g e d e t a i l s a n d p r o p e r t i e s of

spe c i a l u t i l i t y a r e p r e s e r v e d . T h i n s t r a n d s ,

c h a r a c t e r i s t i c of f i b r e m i c r o s c o p y , a r e

im p o r t a n t to s e g m e n t a t i o n a n d m u s t be

p r o p a g a t e d t h r o u g h o u t the p y r a m i d . T h e s i z e a n d

type of f i l t e r u s e d for p y r a m i d b u i l d i n g w i l l

i n f l u e n c e the n a t u r e of the p y r a m i d , so as to

d e t e r m i n e the d e g r e e to w h i c h i m p o r t a n t d e t a i l s

are r e t a i n e d at h i g h e r l e v e l s ; d e t a i l s w h i c h ,

in this c a s e , a f f e c t the p e r f o r m a n c e of the

s e g m e n t a t i o n p r o c e s s .

A s a p r e l i m i n a r y it is n e c e s s a r y to i s o l a t e

those a s p e c t s of the task w h i c h m i g h t be

i n f l u e n c e d by the c h a r a c t e r of a p y r a m i d . In

our r e s e a r c h the s e g m e n t a t i o n of the f i b r e

i m a g e r y is b a s e d o n a s i m p l e t h r e s h o l d i n g of

the p o i n t i n t e n s i t y at s u c c e s s i v e p y r a m i d

l e v e l s . T h i s p r o c e d u r e is b a s e d o n the

a s s u m p t i o n that p e a k s in the g r e y level

h i s t o g r a m c o r r e s p o n d , in the m a i n , to c o h e r e n t

r e g i o n s in the i m a g e . T h i s a s s u m p t i o n m a y be

va l i d w h e n d e a l i n g w i t h a r e s t r i c t e d i m a g e

d o m a i n ( w h e r e w e m a k e i m p l i c i t u s e of o u r

k n o w l e d g e of its p r o p e r t i e s ) and p a r t i c u l a r l y

in a c o n t r o l l e d e n v i r o n m e n t (in w h i c h w e can
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a r r a n g e l i g h t i n g a n d s e n s o r g e o m e t r y , for

e x a m p l e ) . W h e n a d o p t i n g this a p p r o a c h and w h e n

u s i n g m u 1 t i r e s o l u t i o n t e c h n i q u e s it is

imp o r t a n t that the i n t e g r i t y of the s p a t i a l a n d

d y n a m i c d i s t r i b u t i o n s of g r e y l e v e l s be

p r e s e r v e d at s u c c e s s i v e l y h i g h e r p y r a m i d

l e v e l s , s i n c e this is the k e y to s e g m e n t a t i o n .

A n i n e f f e c t i v e s u m m a r y of the p r o t o t y p e i m a g e

at h i g h e r l e v e l s , m a n i f e s t i n g i t s e l f by

d i s r u p t i o n to t h e i r g r e y level h i s t o g r a m s , w i l l

d e g r a d e the p e r f o r m a n c e of the s e g m e n t a t i o n .

G r e y L e v e l P d f P r e s e r v a t i o n :
A n I n d i c a t o r o f F i l t e r S u i t a b l i t y

G i v e n the f o r e g o i n g w e h a v e e m p l o y e d the g r e y

level h i s t o g r a m (or m o r e a c c u r a t e l y , the g r e y

level p r o b a b i l i t y d i s t r i b u t i o n f u n c t i o n ( p d f ) )

as the b a s i s on w h i c h to c o m p a r e f i l t e r s for

p y r a m i d b u i l d i n g . T h e p d f , by its n a t u r e , is a

n o r m a l i s e d g l o b a l > c h a r a c t e r i s t i c of an i m a g e ,

a l t h o u g h w i d e l y d i f f e r e n t i m a g e s m a y b e

d e s c r i b e d by the s a m e p d f ( w h i c h i m p l i e s that a

c o m p a r i s o n of p d f s is not a f a i t h f u l , o r in a n y

w a y a c o m p l e t e , d i s t a n c e m e t r i c for i m a g e s ) .

T h e f i l t e r j u d g e d ' b e s t ' is that w h i c h

c o n s i s t e n t l y b u i l d s p y r a m i d s in w h i c h the p f d s

of the i m a g e s at level k, ( 0 < k < n ) , a r e m o s t

s i m i l a r to that of the level 0 i m a g e . T h i s

a p p r o a c h h a s b e e n a d o p t e d b e c a u s e the p d f is of

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

s c h e m e . W e a s s u m e that t h o s e c h a n g e s to an

ima g e as it is c o n s o l i d a t e d ( e g b l u r r i n g ) ,

w h i c h a r e in s o m e s e n s e r e l e v e n t to the q u a l i t y

of the s e g m e n t a t i o n , a r e e c h o e d b y c h a n g e s to

the p d f .

A Measure of Distance Between Pdfs

S i n c e w e h a v e s e l e c t e d the p d f as the m o s t

p e r t i n e n t a s p e c t of a p y r a m i d ( f o r o u r t a s k ) a

s u i t a b l e m e a s u r e of the d i s p a r i t y b e t w e e n the

pdf at level k a n d that at l e v e l 0 is n e e d e d .

O n e p o s s i b i l i t y is the v e c t o r d i s t a n c e b e t w e e n

their c u m u l a t i v e d i s t r i b u t i o n f u n c t i o n s 1 1

( c d f s ) .

Let X be a d i s c r e t e r a n d o m v a r i b l e w h i c h c a n

take v a l u e s X i , ( 0 $ i < g ) , w h e r e Xi a r e the g r e y

• level v a l u e s , and g is the total n u m b e r of g r e y

level v a l u e s . L e t N * d e n o t e the n u m b e r of

cel l s at level k a n d n*(i ) , the n u m b e r of c e l l s

at level k h a v i n g g r e y level x ( , s o that

N* =£nk(i) (1)

T h e v a l u e of the cdf at level k, d e n o t e d c ^ ( i ) ,

b e i n g the p r o b a b i l i t y of g r e y level less t h a n

or e q u a l to x t , is g i v e n b y

i=0

for aD e f i n e the p r o b a b i l i t y of g r e y level

par t i c u 1 a r i m a g e as

P{ X = X S } k = n k ( i ) / N k ( 2 )

and d e n o t e it p k ( i ) . T h e v a l u e s p * ( i ) >

( 0 < i < g ) , c o n s t i t u t e the p d f for that i m a g e .

O b v i o u s l y g - 1

£p*(i) = 1 (3)
i=0

P{ (4)
J=0

T h e v e c t o r d i s t a n c e d k b e t w e e n the cdf at level

k. and that at level 0 is t h e n

9-1

|
i = 0

W e r m a n et a l 1 1 i l l u s t r a t e in the i n t r o d u c t i o n

to their p a p e r h o w this m e a s u r e is a b e t t e r

d i s t a n c e m e t r i c for o n e d i m e n s i o n a l h i s t o g r a m s

than the s t r a i g h t f o r w a r d v e c t o r d i s t a n c e

b e t w e e n p d f s , ( c o m p u t e d by s u b s t i t u t i n g pi«(i)

and p o ( i ) for c,c(i) a n d c o ( i ) in ( 5 ) ) , w h i c h

f a i l s to t a k e i n t o a c c o u n t the s i m i l a r i t y

b e t w e e n t h o s e f e a t u r e d e s c r i p t o r s x ( w h i c h a r e

near e a c h o t h e r .

T h e C a n d i d a t e f i l t e r s

W e l i m i t e d o u r c o m p a r i s o n , o n the b a s i s of the

f o r e g o i n g c r i t e r i a , to the f o l l o w i n g l i n e a r a n d

n o n - l i n e a r , o d d a n d e v e n s i d e d , f i l t e r s .

2 x 2 u n w e i g h t e d a v e r a g e a n d 4 x 4 u n w e i g h t e d

a v e r a g e : T h e 2 x 2 a v e r a g e f i l t e r is p o p u l a r ,

b e i n g e s p e c i a l l y s u i t e d to the p y r a m i d a l f o r m a t

( s i n c e the i m a g e is c o n s o l i d a t e d by p o w e r s of

2 ) . T h e 4 x 4 u n w e i g h t e d a v e r a g e h a s a l s o b e e n

u s e d b e f o r e , f i n d i n g a p p l i c a t i o n a s a fi r s t

i t e r a t i o n in the l i n k e d p y r a m i d b u i l d i n g

p r o c e d u r e .

4 x 4 w e i g h t e d a v e r a g e : T h e w e i g h t e d a v e r a g e

f i l t e r a f t e r B u r t 1 2 ( s e e a l s o M e e r et a l 1 3 ) , is

a g e n e r i c type of n o t a b l e f l e x a b i l i t y . T h e f o r m

of the f i l t e r k e r n e l , d e f i n e d by its w e i g h t s ,

is d e t e r m i n e d by the s i z e o f the f i l t e r a n d a

s i n g l e p a r a m e t e r , a ( a d o p t i n g B u r t ' s n o t a t i o n ) .

W e i n c l u d e d two f i l t e r s , h a v i n g a = 0 . 3 7 a n d

a = 0 . 5 8 . T h e f o r m e r a p p r o x i m a t e s c o n v o l u t i o n b y

a G a u s s i a n w h e n a p p l i e d r e p e a t e d l y ,

c h a r a c t e r i s t i c a l l y r e d u c i n g h i g h f r e q u e n c y

n o i s e (but at the cost of b l u r r i n g ) . T h e

la t t e r , in c o n t r a s t , is not u n i m o d a l . It is

c h a r a c t e r i s e d by i n f e r i o r h i g h f r e q u e n c y n o i s e

a 11 e n u a t ion.

2 x 2 a v e r a g e - m e d i a n : In an a t t e m p t to p r e s e r v e

some of the u s e f u l c h a c t e r i s t i c s of the m e d i a n

f i l t e r ( w h i c h o p e r a t e s on a s q u a r e w i n d o w w i t h

odd s i d e ) the 2 x 2 a v e r a g e - m e d i a n a v e r a g e s t h o s e

cell v a l u e s r a n k e d s e c o n d a n d t h i r d s u b s e q u e n t

to r a n k i n g a ll f o u r c e l l s in the w i n d o w

a c c o r d i n g to g r e y level m a g n i t u d e .

3x3 m e d i a n : T h e m e d i a n f i l t e r is b a s e d o n the

fact that w h e n the v a l u e s of the c e l l s

c o m p r i s i n g the w i n d o w a r e r a n k e d in o r d e r of

m a g n i t u d e , i r r e s p e c t i v e of t h e i r p o s i t i o n

w i t h i n the w i n d o w , a n y d e v i a n t v a l u e s a r e

lo c a t e d at the e x t r e m i t i e s a n d that v a l u e w h i c h

best r e p r e s e n t s the w i n d o w o c c u p i e s the m e d i a n

pos i t i o n .
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5x5 F I R - m e d i a n h y b r i d ( f m h ) 1 4 : T h i s a d a p t a b l e

o p e r a t o r i n t r i n s i c a l l y r e t a i n s h i g h f r e q u e n c y

d e t a i l s , such as l i n e s , w h o s e o r i e n t a t i o n s are

d e t e r m i n e d by F I R - s u b f i 1 t e r m a s k s w h i c h

c o n s t i t u t e the f i l t e r . T h e 5 x 5 fmh s e l e c t e d for

this e x p e r i m e n t is r e f e r r e d to as 2 L H f in

Ni e m i n e n ' s ' n o t a t i o n and has e i g h t

b i d i r e c t i o n a l F I R - s u b f i 1 t e r s o f t h e a v e r a g i n g

t y p e .

The Images

O u r a c c o u n t h e r e c o n c e r n s three images

[ f i g . 3 . a , b , c ] . E a c h h a s 2 5 6 x 2 5 6 p i x e l s at

level 0.

Image [a] : A c o m p u t e r g e n e r a t e d image

c o m p r i s i n g of 5 c o n c e n t r i c s e m i - c i r c l e s of

w i d t h s 1 , 2 , 3 , 4 and 5 p i x e l s w i t h g r e y level

64, a g a i n s t a u n i f o r m b a c k g r o u n d w i t h g r e y

level 1 2 8 . T h i s image w a s u s e d to e v a l u a t e ,

for each of the f i l t e r s , the extent to w h i c h

edges are d i s r u p t e d and d e t a i l s are e r a s e d , and

is e s p e c i a l l y u s e f u l s i n c e the f o r m of its

content r e s e m b l e s that of t e x t i l e fibre

i ma g e r y .

Image [b] : A s i m i l a r image d e r i v e d by

d i s r u p t i n g the f o r m e r w i t h a d d i t i v e G a u s s i a n

noise w i t h v a r i a n c e = 9 . 0 5 1 . N o t i n g that our

m e t r i c d* r e s p o n d s s i m i l a r l y to d e g r a d a t i o n d ue

to edge e f f e c t s , and e n h a n c e m e n t d u e to n o i s e

r e d u c t i o n ( s i n c e b o t h c h a n g e the p d f ) , this

image w a s use d to e v a l u a t e the r e l a t i v e

i m p o r t a n c e a t t a c h e d to e a c h of these e f f e c t s .

Image [c] A m i c r o s c o p e image of red, g r e e n

and blue t e x t i l e f i b r e s v i e w e d t h r o u g h a x4

o b j e c t i v e lens and a red o p t i c a l f i l t e r ( S c h o t t

S F K 1 5 ) .

For images [a] and [c] the m e t r i c dk w a s

c a l c u l a t e d f r o m the pd f s at levels 1 to 4

in c l u s i v e , r e l a t i v e to the p d f of their level 0

c o u n t e r p a r t s . T h e m e t r i c d u w a s c o m p u t e d at

levels 1 to 4 of image [b] r e l a t i v e to level 0

of images [ a ] . F i g . 4 . a , b , c is a g r a p h i c a l

summary of the v a r i a t i o n of d* for i n c r e a s i n g

k, for the images i n c l u d e d h e r e .

Figure 3.

Figure I.
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Ob s e r v a t i o n s

For image [a] it w a s o b s e r v e d that the 4 x 4

u n w e i g h t e d a v e r a g e and the 4 x 4 w e i g h t e d a v e r a g e

w i t h a = 0 . 3 7 b l u r r e d e d g e s e x t e n s i v e l y (as w a s

e x p e c t e d ) . T h i s e x p l a i n s c o n s i s t e n t l y h i g h

v a l u e s of dw for thes e f i l t e r s , so that they

are r a n k e d ' w o r s t ' [ f i g . 4 . a ] . M o s t

s i g n i f i c a n t l y , f r o m o ur p o i n t of v i e w , the two

most n a r r o w r i n g s w e r e s m e a r e d so as to be

i n d i s t i n g u i s h a b l e f r o m e a c h o t h e r at level 3

for b o t h f i l t e r s . F i g 4 . a a l s o s h o w s that the

4x 4 u n w e i g h t e d a v e r a g e w i t h a = 0 . 5 8 p e r f o r m s

b a d l y . T h i s can be a t t r i b u t e d , not to

b l u r r i n g , but to an o s c i l l a t i n g e f f e c t a p p a r e n t

at e d g e s . T h i s a r t e f a c t r e m a i n s b e c a u s e the

w e i g h t s of the f i l t e r k e r n e l d o not d e c r e a s e

m o n o t o n i c a 1 l y f r o m the c e n t r e t o w a r d s the e d g e .

B l u r r i n g , a l t h o u g h p r e s e n t , w a s less e v i d e n t

for the 2 x 2 u n w e i g h t e d a v e r a g e , and less so for

the 2 x 2 a v e r a g e - m e d i a n ; an o b s e r v a t i o n a l s o

r e f l e c t e d in f i g . 4 . a . T h e 2 x 2 a v e r a g e - m e d i a n

did ' b r e a k ' r i n g s h o w e v e r , so that the m o s t

n a r r o w w a s no longe r e v i d e n t at level 4 . T h i s

b e h a v i o u r , c h a r a c t e r i s t i c of the m e d i a n

o p e r a t i o n , w a s m o s t c l e a r l y e x h i b i t e d by the

3x3 m e d i a n f i l t e r . T h i s f i l t e r , f o l l o w e d by

the 5 x 5 fmh, p e r f o r m e d c o n s i s t e n t l y best

a c c o r d i n g to the c r i t e r i a . S i g n i f i c a n t l y ,

h o w e v e r , the 3 x 3 m e d i a n o p e r a t i o n r e m o v e d the

most n a r r o w ring so that it w a s no lo n g e r

p r e s e n t at level 1. M o r e o v e r , the trend

c o n t i n u e d , so that the m o s t n a r r o w ring e v i d e n t

at level k w a s n o lo n g e r p r e s e n t at level k + 1 .

T h e 5x5 fmh p r e s e r v e d h o r i z o n t a l , v e r t i c a l and

dia g o n a l lines b e t t e r than the 3 x 3 m e d i a n

( c o n s i s t e n t w i t h its e x p e c t e d b e h a v i o u r ) , but

n e v e r t h e l e s s ' b r o k e ' a n d e v e n t u a l l y r e m o v e d

r i n g s . T o a larg e e x t e n t t h e s e o b s e r v a t i o n s

w e r e a l s o true of im a g e [ c] [ f i g . 3 . c and

f i g . 4 . c ] .

C o n c e r n i n g image [ b ] , it w a s v i s u a l l y a p p a r e n t

that the 4 x 4 u n w e i g h t e d a v e r a g e a n d the 4 x 4

w e i g h t e d a v e r a g e w j th a = 0 . 3 7 , r e d u c e d n o i s e

best, but as has be e n n o t e d , they b l u r r e d e d g e s

most s e v e r e l y . F r o m their r a n k e d p o s i t i o n in

fig. 4 . b it is o b v i o u s that our m e a s u r e d*

p e n a l i s e s b l u r to s u c h an ext e n t that

r e s t o r a t i v e ' g a i n s ' d u e to n o i s e r e d u c t i o n a r e

swam p e d by the d e t r i m e n t a l ' l o s s e s ' d u e to e d g e

and d e t a i l d i s r u p t i o n . N o t i n g that d* d o e s not

fall m o n o t o n i c a 1 l y for any of the f i l t e r s , it

ma y be d e d u c e d that the p o i n t at w h i c h d k

s t a r t s to rise a g a i n is that at w h i c h e d g e and

detail d i s r u p t i o n b e c o m e s i g n i f i c a n t , in the

sense that they o u t w e i g h n o i s e r e d u c t i o n .

D i s c u s s i o n

Spatial d e t a i l s are n e c e s s a r i l y e r a s e d at

hi g h e r l e v e l s of a p y r a m i d . T h e li n e a r f i l t e r s

e x a m i n e d h e r e b l u r d e t a i l s , and the n o n - l i n e a r

m e d i a n - t y p e f i l t e r s ' i g n o r e ' d e t a i l s . C o n s i d e r

a compact o b j e c t , small r e l a t i v e to the f i l t e r

w i n d o w . If the o b j e c t is to be d e t e c t e d and

r e c o r d e d at the next level it m u s t f a l l , at

least p a r t l y , i n s i d e a w i n d o w . T h e n u m b e r of

w i n d o w s w h i c h o v e r l a p an o b j e c t is d e p e n d e n t on

the w i n d o w size and the o b j e c t ' s l o c a t i o n .

H o r i z o n t a l l y and v e r t i c a l l y a d j a c e n t w i n d o w s

o v e r l a p e a c h o t h e r so that they s h a r e s 2 - 2 s

c e l l s , and d i a g o n a l l y a d j a c e n t w i n d o w s s h a r e

s 2 - 4 s + 4 c e l l s . W h e t h e r the p r e s e n c e of the

object is r e c o r d e d at the next level is

d e t e r m i n e d by the d e g r e e to w h i c h e a c h of thes e

w i n d o w s o v e r l a p s the o b j e c t , a n d the type of

o p e r a t o r . T h e a m o u n t of o v e r l a p is a f u n c t i o n

of o b j e c t l o c a t i o n . C o n s i d e r for e x a m p l e a 2 x 2

object h a v i n g its o r i g i n at an o d d c o o r d i n a t e

p o s i t i o n . If the w i n d o w s are a l s o 2 x 2 it w i l l

be p a r t l y o v e r l a p p e d by four w i n d o w s . A 2 x 2

u n w e i g h t e d a v e r a g e o p e r a t o r w i l l r e s p o n d

e q u a l l y ( w e a k l y ) to the p r e s e n c e of the o b j e c t

at all four l o c a t i o n s . In c o n t r a s t , a 2 x 2

a v e r a g e - m e d i a n o p e r a t o r w i l l not r e c o r d the

object at any of the fou r l o c a t i o n s . T h i s is

s o m e t i m e s c a l l e d ' f a l l i n g t h r o u g h the c r a c k s ' .

If the 2x 2 o b j e c t h a s its o r i g i n at an e v e n

c o o r d i n a t e p o s i t i o n b o t h 2 x 2 o p e r a t o r s w i l l

r e s p o n d at o n l y o n e l o c a t i o n ; that w h i c h

c o m p l e t e l y c o v e r s the o b j e c t . S i m i l a r

a r g u m e n t s h o l d for l i n e a r a n d n o n - l i n e a r

f i l t e r s w i t h o dd w i n d o w s . T h e level at w h i c h

useful p r o c e s s i n g c an c o m m e n c e is d i r e c t l y

i n f l u e n c e d by the size and type of f i l t e r u s e d

for p y r a m i d b u i l d i n g .

G i v e n the li m i t e d n a t u r e of this i n v e s i g a t i o n

w e can m a k e the f o l l o w i n g o b s e r v a t i o n s , v a l i d

for tasks w h e r e g r e y level i n t e g r i t y is

im p o r t a n t . F o r i m a g e r y w h e r e d e t a i l s a r e of

little c o n s e q u e n c e , the 3x3 m e d i a n or the 5 x 5

F I R - m e d i a n h y b r i d a r e r e c o m m e n d e d . T h e n a t u r e

of fibre m i c r o s c o p y , c h a r a c t e r i s e d as it is by

thin l i n e s , d i c t a t e s that e i t h e r the 2 x 2

av e r a g e or 2 x 2 a v e r a g e - m e d i a n be u s e d , t h e s e

being less s e v e r e on d e t a i l s than the f o r m e r

p a i r . T h e sa m e c o n c l u s i o n e x t e n d s to i m a g e r y

w h e r e a focal r e g i o n is small r e l a t i v e to the

size of the i m a g e . G i v e n the f o r e g o i n g , the 2 x 2

a v e r a g e - m e d i a n f i l t e r has b e e n e m p l o y e d in this

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

s t r u c t u r e s .

FIBRE DISCRIMINATION BY
SPACE PATTERN RECOGNITION

COLOUR

The literature reports how colour space

clusters corresponding to spectrally

homogeneous regions in a scene can be used as

the basis of s e g m e n t a t i o n 1 3 • l a . Alternatively,

chromatic information supplements or replaces

achromatic and is used as a measure of the

similarity beween spatially proximate points,

determining whether they are co-members of a

corporate region.
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U s i n g c o l o u r s o l e l y for s e g m e n t a t i o n , h o w e v e r ,

b e l i t t l e s its v a l u e . T h e o b j e c t i v e in t h i s

r e s e a r c h is to u s e c o l o u r to d i s c r i m i n a t e

b e t w e e n , i d e n t i f y a n d m a t c h t e x t i l e f i b r e s ;

o b j e c t s w h i c h a r e o t h e r w i s e s i m i l a r . T h e

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

i n f o r m a t i o n is s u f f i c i e n t to s e g m e n t t h e

i m a g e r y , g i v e n its d o m a i n , b u t f u l l c h r o m a t i c

i n f o r m a t i o n is r e q u i r e d to a c h i e v e t h e f u r t h e r

o b j e c t i v e . T h e p r o b l e m c a n be f o r m u l a t e d in

t e r m s of p a t t e r n r e c o g n i t i o n .

T r a d i t i o n a l l y , u n s u p e r v i s e d p a t t e r n r e c o g n i t i o n

is c o n v e n i e n t l y s u b d i v i d e d i n t o t w o t a s k s ,

t r a i n i n g a n d c l a s s i f y i n g . G i v e n a set of

m e a s u r e m e n t s t a k e n f r o m c l a s s e x e m p l a r s , t h e

f o r m e r is c o n c e r n e d w i t h t h e p a r t i t i o n i n g o f

that h e t e r o g e n e o u s d a t a s e t i n t o m u t u a l l y

e x c l u s i v e a n d c o l l e c t i v e l y e x h a u s t i v e s u b s e t s ,

or the p a r t i t i o n i n g o f the m e a s u r e m e n t s p a c e

i n t o m u t u a l l y e x c l u s i v e r e g i o n s , in a w a y w h i c h

r e f l e c t s t h e d i v i s i o n of o b j e c t s i n t o

d i s j o i n t e d c l a s s e s : T h e l a t t e r d e n o t e s t h e

o p e r a t i o n o f a s s i g n i n g o b j e c t s of u n k n o w n

o r i g i n to c l a s s e s o n t h e b a s i s o f t h e i r

m e a s u r e m e n t s a n d t h e r e s u l t s o f the t r a i n i n g

p h a s e . In t h i s c o n t e x t , t e x t i l e f i b r e s

c o r r e s p o n d to t h e o b j e c t s . T h e u n d e r l y i n g

p r e m i s e is that f i b r e c l a s s e s a r e s p e c t r a l l y

d i s s i m i l a r to a n e x t e n t t h a t t h e y h a v e

a s s o c i a t e d w i t h t h e m s e p a r a b l e c o l o u r s p a c e

c l u s t e r s . F i b r e s of u n k n o w n o r i g i n s h o u l d b e

c l a s s i f i e d as b e l o n g i n g to o n e o f the c o n t r o l

f i b r e c l a s s e s , o r i n d e e d , n o n e o f the c o n t r o l

f i b r e c l a s s e s , g i v e n a set of c o l o u r

m e a s u r e m e n t s a n d a p r e v i o u s l y p a r t i t i o n e d

c o l o u r s p a c e . T h e p o i n t R G B c o l o u r c o m p o n e n t s

Figure 5. RGB space clusters for red,green and blue fibres

• > •

(or s o m e t r a n s f o r m a t i o n t h e r e o f 1 ) c o n s t i t u t e

the c o l o u r m e a s u r e m e n t s , a n d m a p d i r e c t l y o n to

a 3 - d i m e n s i o n a I c o l o u r s p a c e .

T h e h e t e r o g e n e o u s t r a i n i n g s e t is f o r m e d b y

s a m p l i n g p o i n t s r a n d o m l y f r o m t h e f i b r e r e g i o n s

of s e g m e n t e d i m a g e s o f m i x e d c o n t r o l f i b r e

e x e m p l a r s . T h e c l u s t e r s i l l u s t r a t e d in f i g . 5 .

a r e t y p i c a l o f t h o s e d e r i v e d f r o m f i b r e

i m a g e r y . T h e h i g h d e g r e e o f c o r r e l a t i o n

a p p a r e n t b e t w e e n t h e c o l o u r c o m p o n e n t s is

e x h i b i t e d by c l u s t e r s w h i c h r e s e m b l e e l o n g a t e d

e l l i p s o i d s a l i g n e d t o w a r d s t h e c o l o u r s p a c e

o r i g i n . T h e c l u s t e r s a r e n o t ' w e l l b e h a v e d ' .

M u l t i v a r i a t e a n a l y s i s h a s s h o w n t h a t t h e y a r e

n o n - n o r m a l , b e i n g p a r t i c u l a r l y a f f e c t e d b y

o u t l i e r s . C o l o u r c o m p o n e n t v a r i a n c e t e n d s to b e

l a r g e , s o that c l u s t e r s a r e s m e a r e d . T h e s e

r e f l e c t the n a t u r e o f t h e f i b r e s w h i c h a r e

c h a c t e r i s t i c a 1 l y n o t u n i f o r m l y c o l o u r e d , o f t e n

h a v i n g d a r k e r e d g e s . T h e y m a y a l s o b e a r t e f a c t s

of the s e g m e n t a t i o n p r o c e d u r e a n d t h e q u a l i t y

of the i m a g e r y . T h i s , o f c o u r s e , m i l i t a t e s

a g a i n s t c l u s t e r i n g a n d c l a s s i f y i n g b a s e d o n

c o l o u r i n f o r m a t i o n a l o n e . N e v e r t h e l e s s

e v i d e n c e s u g g e s t s t h a t t h e c l u s t e r s a r e

s e p a r a b l e f o r d i f f e r e n t f i b r e c l a s s e s a n d

p r o c e d u r e s d e v o l o p e d t h u s f a r h a v e b e e n

s u c c e s s f u l in s o fa r a s h e t e r o g e n e o u s t r a i n i n g

s e t s c a n b e p a r t i t i o n e d s a t i s f a c t o r i l y .

A u t o m a t i c p a r t i t i o n i n g o f the t r a i n i n g set is

a c h e i v e d by e m p l o y i n g a g r a p h - t h e o r e t i c

c l u s t e r i n g a l g o r i t h m a f t e r K o o n t z et a l 1 7 ,

s u p p l e m e n t e d b y t w o o f t h e s u b c l u s t e r

a g g l o m e r a t i o n c r i t e r i a o f M i z o g u c h i et a l 1 8 .

T h i s s c h e m e is n o n - i t e r a t i v e a n d

n o n - p a r a m e t r i c . It is b a s e d o n a

n o n - p a r a m e t r i c e s t i m a t e of c o l o u r s p a c e p o i n t

d e n s i t y , p a r t i t i o n i n g t h e t r a i n i n g set b y

l i n k i n g c o l o u r s p a c e p o i n t s to o n e o f t h e i r

n e a r e s t n e i g h b o u r s a l o n g t h e l i n e o f l a r g e s t

p o s i t i v e d e n s i t y g r a d i e n t . It is c a p a b l e o f

d e t e c t i n g c l u s t e r s o f a r b i t r a r y s h a p e a n d s i z e ,

its u s e f u l n e s s h a v i n g b e e n v e r i f i e d b y its

s u c c e s s f u l a p p l i c a t i o n to m u l t i s p e c t r a 1 r e m o t e

s e n s i n g d a t a 1 9 . ' F i g . 6 . i l l u s t r a t e s t h e

p a r t i t i o n i n g o f the p r e v i o u s d a t a set b a s e d o n

a k n e a r e s t n e i g h b o u r d e n s i t y e s t i m a t e w i t h 1 2

n e a r e s t n e i g h b o u r s .

S a m p l e s d e r i v e d f r o m i m a g e s o f f i b r e s of

u n k n o w n o r i g i n a r e p r e s e n t e d f o r c l a s s i f i c a t i o n

b a s e d o n the t r a i n i n g s e t p a r t i t i o n . S a m p l e s

l a r g e l y f a l l i n g w i t h i n o n e o f the c o n t r o l f i b r e

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

a r e d e r i v e d is a m e m b e r o f the c o r r e s p o n d i n g

c o n t r o l f i b r e c l a s s . T h e i m p l e m e n t a t i o n o f a

t e c h n i q u e f o r a c h e i v i n g t h i s is p a r t o f o n g o i n g

r e s e a r c h .

Figure 6. Clusters partitioned by Koontz clustering algorithm
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CONCLUSION

In the f o r e g o i n g , two a s p e c t s of r e s e a r c h h a v e

b e e n d e t a i l e d c o n c e r n i n g the d e v e l o p m e n t of a

co l o u r v i s i o n s y s t e m c a p a b l e of s i f t i n g a l a r g e

s a m p l e of t e x t i l e f i b r e s r e m o v e d f r o m the s c e n e

of a c r i m e , s e a r c h i n g f o r , l o c a t i n g , a n d

f a c i l i t a t i n g the r e l o c a t i o n of t h o s e f i b r e s

w h i c h m a t c h e x e m p l a r f i b r e s r e m o v e d f r o m a

s u s p e c t ' s g a r m e n t s , on the b a s i s of t h e i r

c o l o u r .

T h e s p a r s e n a t u r e of the i m a g e r y a s s o c i a t e d

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

m u 1 t i r e s o l u t i o n i m a g e f o r m a t m i g h t b e

a d v a n t a g e o u s , a l l o w i n g the d e v e l o p m e n t of

e f f i c i e n t ' f o c u s of a t t e n t i o n ' s e g m e n t a t i o n

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

r e f i n e m e n t h a s b e e n a d o p t e d , s e g m e n t i n g the

im a g e r y by t h r e s h o l d i n g p o i n t i n t e n s i t y . A

s e l e c t i o n of m u l t i r e s o l u t i o n p y r a m i d b u i l d i n g

f i l t e r s w e r e c o m p a r e d q u a n t i t a t i v e l y a n d

q u a l i t a t i v e l y to d e t e r m i n e t h e i r r e l a t i v e

s u i t a b i l t y for a p p l i c a t i o n to f i b r e i m a g e r y .

G i v e n the l i m i t e d e x t e n t of the i n v e s t i g a t i o n ,

a 2 x 2 a v e r a g e - m e d i a n f i l t e r w a s c h o s e n . T h i s

f i l t e r e x h i b i t s g o o d d e t a i l a n d e d g e r e t e n t i o n .

T h i s w a s r e f l e c t e d by t he d e g r e e to w h i c h the

d y n a m i c a nd s p a t i a l d i s t r i b u t o n s of g r e y l e v e l s

w e r e m a i n t a i n e d at s u c c e s s i v e p y r a m i d l e v e l s .

T w o n o n - l i n e a r f i l t e r s w e r e of n o t e . T h e 3 x 3

m e d i a n f i l t e r a n d the 5 x 5 F I R - m e d i a n h y b r i d

f i l t e r p e r f o r m e d w e l l but t e n d e d to o b l i t e r a t e

d e t a i1s .

C o l o u r is a k e y e l e m e n t in t e x t i l e f i b r e

m a t c h i n g , a n d its v a l u e w a s n o t e d in the w i d e r

field of c o m p u t e r v i s i o n . If it is to b e c o m e

an i n t e g r a l p a r t of c o m p u t e r v i s i o n it m u s t b e

i n c o r p o r a t e d not o n l y f or the p u r p o s e of

s e g m e n t a t i o n or of d i s c r i m i n a t i o n (as is the

case in this r e s e a r c h ) , but in w a y s s i m i l a r to

its u s e s in the h u m a n v i s u a l s y s t e m w h i c h c a n

de t e c t c o l o u r e d g e s , p e r c e i v e c o l o u r r e g i o n s ,

use c o l o u r as a q u a l i f y i n g a d j e c t i v e , s e a r c h

and i d e n t i f y u s i n g c o l o u r c u e s , a n d p e r c e i v e

f o r m and m o t i o n t a k i n g c o l o u r as an a u x i l l i a r y

i n d i c a t o r 1 0 . In the c o n t e x t of thi s r e s e a r c h ,

the d i s c r i m i n a t o r y p r o b l e m w a s f o r m u l a t e d in

terms of p a t t e r n r e c o g n i t i o n . T h e c o l o u r s p a c e

c l u s t e r s a s s o c i a t e d w i t h f i b r e c l a s s e s ,

a l t h o u g h i l l u s t r a t e d as b e i n g ' b a d l y b e h a v e d ' ,

are s e p a r a t e d to a s u f f i c i e n t d e g r e e to p e r m i t

f i b r e m a t c h i n g to be c a r r i e d out by c o l o u r

s p a c e p a t t e r n r e c o g n i t i o n . A m o d e - s e e k i n g

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

s u i t a b l e to p a r t i t i o n a h e t e r o g e n e o u s t r a i n i n g

set m a d e up of s a m p l e s f r o m m i x e d f i b r e

e x e m p l a r s . T h i s p a v e s the w a y for a

c l a s s i f i c a t i o n s c h e m e to i d e n t i f y f i b r e s of

u n k n o w n o r i g i n , r e c o r d i n g t h e i r l o c a t i o n s in a

c o m p o s i t e of c o n c i s e s c e n e d e s c r i p t i o n s w h i c h

w i l l f a c i l i t a t e the r e l o c a t i o n of m a t c h i n g

f i b r e s . F u r t h e r r e s e a r c h w i l l c o n c e n t r a t e o n

the c o u p l i n g of the s e g m e n t a t i o n a n d

c l a s s i f i c a t i o n p h a s e s , w i t h a g o a l to a c h e i v e

f i b r e d i s c r i m i n a t i o n in m u l t i p l e r e s o l u t i o n s .
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