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BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  s i m u l a t i n g   t h e  

a p p e a r a n c e   p r o p e r t i e s   of  a  w a r p   k n i t   f a b r i c   b a s e d   o n  

p r o p e r t i e s   of  t h e   y a r n   in   t h e   f a b r i c .   The  s i m u l a t i o n  

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

t h o s e   p r o p e r t i e s .  

B o t h   y a r n   m a n u f a c t u r e r s   and  f a b r i c   p r o d u c e r s  

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

p r o p e r t i e s   ( e . g .   d e n i e r ,   s h r i n k a g e ,   c r o s s   s e c t i o n ,  

d y e a b i l i t y )   and  t h e   e f f e c t   of  t h e s e   v a r i a t i o n s   o n  

f a b r i c s .   In  t h e   p a s t   t h e   e f f e c t s   of  t h e s e   v a r i a t i o n s  

in   t h e   a c t u a l   f a b r i c   c o u l d   o n l y   be  d e t e r m i n e d   b y  

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

e x p e n s i v e   and  t i m e   c o n s u m i n g .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   f o r  

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

t h e   c o n s t i t u e n t   y a r n   p r o p e r t i e s   w i t h o u t   h a v i n g   to  m a k e  

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

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

e a c h   y a r n   in   t h e   w a r p   k n i t   f a b r i c   t h e n   p r o g r a m m i n g   a  

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

p r o p e r t i e s   f o r   e a c h   y a r n   in  t h e   f a b r i c   a c c o r d i n g   t o  

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

a v e r a g e   p r o p e r t y   f o r   e a c h   w a l e   in   t h e   f a b r i c .   T h e  

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

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

t h e   a v e r a g e   w a l e   p r o p e r t i e s   and  d i s p l a y e d   to   r e p r e s e n t  

e a c h   w a l e   in   t h e   f a b r i c .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  s c h e m a t i c   d i a g r a m   of  t h e   f r o n t  

and  b a c k   b a r   of  a  w a r p   k n i t   f a b r i c   of  t h e   t y p e  

s i m u l a t e d   by  t h i s   i n v e n t i o n .  

F i g .   2  i s   a  d r a w i n g   of  a  g r a p h i c s   d i s p l a y   o f  

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

i n v e n t i o n .  

F i g .   3  i s   an  e n l a r g e d   r e p r e s e n t a t i o n   of  a  

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

t h e   i n v e n t i o n .  

F i g s .   4 -6   r e p r e s e n t   f l o w   c h a r t s   of  a  p r o g r a m  
to  o p e r a t e   a  c o m p u t e r   f o r   s i m u l a t i n g   a  w a r p   k n i t  

f a b r i c   a c c o r d i n g   to   t h e   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

A  w a r p - k n i t   t e x t i l e   f a b r i c   as  i n t e n d e d   h e r e i n  

i s   b e s t   d e f i n e d   i n   t e r m s   of  a  s t i t c h   p a t t e r n   as  s h o w n  

in   F i g .   1.  W h i l e   many  o t h e r   p a t t e r n s   c o n s t i t u t i n g  

w a r p - k n i t t i n g   a r e   p o s s i b l e   t h e   one  shown  r e p r e s e n t s   a  

j e r s e y   t r i c o t   w a r p   k n i t   c o n s t r u c t i o n .   K n i t t i n g   n e e d l e  

p o s i t i o n s   f o r   e a c h   of  f i v e   s u c c e s s i v e   w a l e s   a n d  

c o u r s e s   f o r   t h e   f r o n t   and   b a c k   b a r s   a r e   r e p r e s e n t e d   i n  

F i g .   1.  The  h o r i z o n t a l   r ows   of  d o t s   r e p r e s e n t   c o u r s e s  

1-5   w h i l e   t h e   w a l e s   of   t h e   f a b r i c   a r e   r e p r e s e n t e d   b y  

v e r t i c a l   r o w s   of  d o t s   A  -  G .   More  p a r t i c u l a r l y ,  

r e f e r r i n g   to   F i g .   1  t h e   s t i t c h   c o n s t r u c t i o n   of  t h e  

f a b r i c   i s   n o t a t i o n a l l y   s e t   o u t   and  shows   t h a t   t h e  

t h r e a d s   of  t h e   f r o n t   b a r   i n d i c a t e d   as  2 1 - 2 5   h a v e   b a c k  

and  f o r t h   m o v e m e n t   to  n o n - a d j a c e n t   n e e d l e s   i n  

s u c c e s s i v e   c o u r s e s   and  t h e   t h r e a d s   of  t h e   b a c k   b a r ,  

i n d i c a t e d   as  3 1 - 3 5   h a v e   s i m i l a r   m o v e m e n t s .  

As  i n d i c a t e d   a b o v e   t h i s   t e c h n o l o g y   i s   a  t o o l  

to   i n v e s t i g a t e   t h e   e f f e c t s   of  y a r n   p r o p e r t i e s   on  t h e  

v i s u a l   a p p e a r a n c e   of  f a b r i c s .   The  t e c h n o l o g y   u s e s   a  

H e w l e t t   P a c k a r d   HP9845   m o d e l   270  to   p r i n t   p a t t e r n s  

w h i c h   m o d e l   t h e   a p p e a r a n c e   of  j e r s e y   w a r p   k n i t   f a b r i c s .  



D i r e c t   p r i n t i n g   of  s i m u l a t i o n s   r e q u i r e s   h i g h  
r e s o l u t i o n   g r a p h i c s   and  p r i n t i n g   c a p a b i l i t y .   T h e  

H e w l e t t   P a c k a r d   HP9845   d e s k t o p   c o m p u t e r   m e e t s   b o t h  

r e q u i r e m e n t s   w i t h   i n d i v i d u a l   p i x e l   c o n t r o l   of  g r a p h i c s  

on  t h e   CRT  and  p r i n t e r .   R e s o l u t i o n   of  t h e   H P 9 8 4 5  

p r i n t e r   i s   77  p i x e l s / i n c h   in   b o t h   X  and  Y  d i r e c t i o n s .  

I n i t i a l   e x p e r i m e n t s   w i t h   v a r i o u s   p a t t e r n s   s h o w e d   t h a t  

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

( 3 8 . 5   r o w s / i n c h   v s .   50  w a l e s / i n c h   in   t h e   f a b r i c )   t o  

r e p r e s e n t   e a c h   w a l e   in   a  j e r s e y   w a r p   k n i t   f a b r i c .  

P r i n t i n g   a l t e r n a t e   rows   g i v e s   t h e   p r i n t o u t s   a  s u b t l e  

l i n e a r i t y   r e s e m b l i n g   t h e   d i r e c t i o n a l i t y   of  w a l e s   in   a  

w a r p   k n i t   f a b r i c .  

The  f i r s t   s t e p   in   t h e   m e t h o d   is   o b t a i n i n g   a  

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

m o d i f i c a t i o n   r a t i o ,   y a r n   s h r i n k a g e ,   or  d y e a b i l i t y   f o r  

e a c h   y a r n   in   t h e   f a b r i c .   The  p r o p e r t i e s   a r e   t h e n  

a v e r a g e d   a c c o r d i n g   to  t h e   s t i t c h   p a t t e r n   in   t h e   f a b r i c  

to   p r o d u c e   a  w a l e   a v e r a g e   p r o p e r t y   f o r   e a c h   w a l e   i n  

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

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

p i x e l s   p r i n t e d )   in   e a c h   row  i s   g i v e n   by  t h e   e q u a t i o n :  

w h e r e i n  

AD  is   t h e   a r b i t r a r i l y   s e l e c t e d   a v e r a g e   p r i n t  

d e n s i t y   d e s i r e d   f o r   t h e   s i m u l a t i o n   ( u s u a l l y  

. 5 )  

K  i s   t h e   c o n t r a s t   f a c t o r   a n d  

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

a v e r a g e   p r o p e r t y   v a l u e   f o r   t h e   w a l e   b e i n g  

p r i n t e d   and  V  is   t h e   a r i t h m e t i c   mean  of  a l l  

t h e   v a l u e s   and  i s   c a l c u l a t e d   as  f o l l o w s :  



w h e r e i n  

v  i s   t h e   d a t a   e x p r e s s e d   as  i n d i v i d u a l   v a l u e s  

a n d  

N  i s   t h e   t o t a l   n u m b e r   of  v a l u e s .  

D e t e r m i n i n g   K  ( t h e   c o n t r a s t   f a c t o r )   f o r   a  

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

f a b r i c   w i t h   s i m u l a t i o n s   p r i n t e d   a t   a  s e r i e s   of  K ' s .  

The  K  t h a t   r e s u l t s   i n   t h e   b e s t   v i s u a l   m a t c h   i s   t h e  

c o r r e c t   one   t o   u s e .  

C o m p u t e r   w a l e   a v e r a g e  p r o p e r t y   ( v )  

The  p r e c i s e   l o c a t i o n   of  e a c h   y a r n   e n d :   f o r  

e x a m p l e ,   2 1 - 2 5   i n   F i g .   1,  in   t h e   f a b r i c   i s   e s s e n t i a l  

f o r   c a l c u l a t i n g   w a l e   a v e r a g e   p r o p e r t y  

( v ) .   E x p e r i e n c e   has   s h o w n   t h a t   f r o n t   bar   y a r n s   a r e   o f  

more   i m p o r t a n c e   t h a n   b a c k   ba r   y a r n s   in   f a b r i c  

u n i f o r m i t y   b e c a u s e   t h e   b a c k   ba r   y a r n s   i n   w a r p   k n i t  

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

i n t e r i o r .   When  d e n i e r   i s   t h e   p r o p e r t y   b e i n g  

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

a  75%  c o n t r i b u t i o n   to   u n i f o r m i t y   and  b a c k   b a r   y a r n s   a  

25%  c o n t r i b u t i o n .   F o r   o t h e r   p r o p e r t i e s   b e i n g  

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

e s s e n t i a l l y   a  100%  c o n t r i b u t i o n   to   u n i f o r m i t y .  

R e f e r r i n g   to   F i g .   1  and   c o n s i d e r i n g   w a l e   C  i n  

b o t h   t h e   f r o n t   and   b a c k   b a r   i t   c a n   be  s e e n   t h a t   y a r n  

23  a p p e a r s   i n   t h r e e   odd  n u m b e r e d   c o u r s e s ,   e . g .   1,  3 

and  5,  and   y a r n   No.  -21  a p p e a r s   in   t h e  e v e n   n u m b e r e d  

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

b a c k   b a r   y a r n   32  a p p e a r s   in   t h e   odd  c o u r s e s   w h i l e   y a r n  

33  a p p e a r s   i n   t h e   e v e n   c o u r s e s .  

The  w e i g h t e d   w a l e   a v e r a g e   p r o p e r t y   ( i n   t h i s  

c a s e ,   d e n i e r )   f o r   w a l e   C  b e c o m e s :  



w h e r e  

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

y a r n .  

D e s c r i p t i o n   of  F l o w   C h a r t s  

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

t h e   f l o w   c h a r t s   shown  in  F i g .   4 - 6 .  

S t e p   1 0 0  -   R u n n i n g   t h e   s t a r t u p   p r o g r a m  
i n i t i a l i z e s   t h e   c o m p u t e r   memory  f o r   t h e   f o l l o w i n g  

s t e p s .  

S t e p   2 0 0  -   P r o v i s i o n   i s   made  f o r   e n t e r i n g  

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

p r e v i o u s l y   s t o r e d   on  f l e x i b l e   d i s c   d a t a   f i l e s .   M o r e  

t h a n   1  c o l u m n   of  d a t a   may  be  e n t e r e d .  

S t e p   3 0 0  -   A  r e t r i e v a l   p r o g r a m   i s   r u n   to   l o a d  

t h e   p r e v i o u s l y   s t o r e d   p i x e l   rows  i n t o   t h e   c o m p u t e r  

m e m o r y .   P i x e l   d e n s i t i e s   f r o m   5%  to  95%  of  t h e   p i x e l s  

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

in   s t e p s   of  1%.  T h e r e   a r e  5   rows  of  p s e u d o r a n d o m l y  

a r r a n g e d   p i x e l s   a t   e a c h   d e n s i t y .  

S t e p   4 0 0  -   Y a r n   p r o p e r t y   d a t a   a r e   a v e r a g e d  

a c c o r d i n g   to   t h e   d e s c r i p t i o n   on  p a g e   4  to   p r o v i d e   w a l e  

a v e r a g e   p r o p e r t y   d a t a .   The  t r a n s f o r m   p r o g r a m   a l l o w s  

k e e p i n g   b o t h   t h e   o r i g i n a l   y a r n   d a t a   and  t h e   w a l e  

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

S t e p   5 0 0  -  T h e   s i m u l a t i o n   p r o g r a m   i s   l o a d e d  

i n t o   memory   and  r u n .  

S t e p   5 0 1  -   The  o p e r a t o r   s e l e c t s   t h e   d e s i r e d  

d a t a   to   s i m u l a t e   (more   t h a n   1  s e t   of  d a t a   c a n   be  h e l d  

in  m e m o r y ) .  

S t e p   5 0 2  -   The  c o m p u t e r   c a l c u l a t e s   t h e  

a v e r a g e   p r o p e r t y   in   t h e   s e l e c t e d   d a t a   f o r   f u r t h e r  

c a l c u l a t i o n s   ( e q u a t i o n   on  p a g e   3,  and  f i g .   5 ) .  

S t e p   5 0 3  -   The  o p e r a t o r   s e l e c t s   t h e   a v e r a g e  

p r i n t   d e n s i t y   d e s i r e d   f o r   t h e   s i m u l a t i o n .   U s u a l l y   0 . 5  

i s   t h e   s t a r t i n g   l e v e l ,   and  s u b s e q u e n t   s i m u l a t i o n s   m a y  



be  r u n   a t   h i g h e r   or  l o w e r   l e v e l s   to   p r o d u c e   d a r k e r   o r  

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

p r i n t o u t ,   u n l e s s   e x t r e m e   v a l u e s   a r e   c h o s e n   ( i . e . ,   n e a r  
t h e   e n d s   of  t h e   a l l o w a b l e   s c a l e   of  0 . 0 5   to   0 . 9 5   p r i n t  

d e n s i t y ) .   R e f e r   to   "AD"  in   e q u a t i o n   ( 1 ) ,   p a g e   3 .  

S t e p   5 0 4  -   The  c o m p u t e r   c a l c u l a t e s   t h e   p r i n t  

d e n s i t y   f o r   t h e   f i r s t   w a l e   u s i n g   e q u a t i o n   ( 1 ) ,   p age   3 .  

S t e p   5 0 5  -   The  p i x e l   row  d a t a   a r e   s e l e c t e d  

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

S t e p   5 0 6  -   The  p i x e l   row  i s   r e - r a n d o m i z e d .  

T h i s   s t e p   i s   d o n e   to   e x t r a n e o u s   p a t t e r n   f o r m a t i o n   i n  

t h e   c a s e   t h a t  t h e   same  p i x e l   d e n s i t y   i s   s e l e c t e d   m o r e  

t h a n   5  t i m e s   ( t h e   n u m b e r   of  p r e v i o u s l y   g e n e r a t e d   p i x e l  

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

S t e p   5 0 7  -   The  p i x e l   row  i s   d i s p l a y e d   on  t h e  

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

S t e p   5 0 8  -   The  p i x e l   row  d i s p l a y e d   on  t h e  

s c r e e n   i s   t r a n s f e r r e d   to   t h e   h a r d   c o p y   p r i n t e r   a l o n g  
w i t h   a  b l a n k   p i x e l   r o w .  

S t e p   5 0 9  -   The  c o m p u t e r   c h e c k s   f o r   a d d i t i o n a l  

y a r n   d a t a ,   and   i f   a v a i l a b l e ,   c o n t i n u e s   t h e   p r o c e s s  
f r o m   s t e p   5 0 4 .   The  p r o g r a m   t e r m i n a t e s   when  a l l   t h e  

s e l e c t e d   d a t a   h a v e   b e e n   p r i n t e d   and   t h e   o p e r a t o r  

s i g n i f i e s   t h a t   no  more   s i m u l a t i o n s   a r e   to   be  r u n .  

EXAMPLE 

In   an  e x a m p l e   u s i n g   n o m i n a l   40  d e n i e r   y a r n   i n  

t h e   j e r s e y   t r i c o t   w a r p   k n i t   c o n s t r u c t i o n   r e p r e s e n t e d  
i n   F i g .   1  w a l e   a v e r a g e   d e n i e r s   a r e   c a l c u l a t e d  

a c c o r d i n g   to   e q u a t i o n   2  f o r   e a c h   w a l e   in   t h e   f a b r i c  

and   t h e   p i x e l   d e n s i t y   i s   c a l c u l a t e d   a c c o r d i n g   t o  

e q u a t i o n   1.  The  p i x e l   d e n s i t y   i s   d i s p l a y e d   in   a  

s e r i e s   of  rows   to   r e p r e s e n t   e a c h   w a l e   in   t h e   f a b r i c   a s  

s h o w n   i n   F i g .   2  w h e r e i n   t h e   s i m u l a t i o n   of  t h e   f a b r i c  

d i s p l a y i n g   s t r e a k s   a t   l o c a t i o n s   40  and  41  c l o s e l y  

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



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

s i m u l a t i o n   was  p r e p a r e d   on  a  H e w l e t t   P a c k a r d  H P 9 8 4 5  

h a v i n g   a  t h e r m a l   p r i n t e r   p r o g r a m m e d   a c c o r d i n g   to   t h e  

f l o w   c h a r t s   shown   in  F i g .   4 .  

An  e n l a r g e d   p o r t i o n   of  F i g .   2  is   shown   i n  

F i g .   3  w h e r e i n   a l t e r n a t e   rows  a r e   p r i n t e d   to   g i v e  

s u b t l e   l i n e a r i t y   and  one  p i x e l   i s   r e p r e s e n t e d   by  a  

s q u a r e   as  d e s i g n a t e d   a t   5 0 .  



1.  A  m e t h o d   of  d i s p l a y i n g   a p p e a r a n c e  

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

p a t t e r n   w i t h   c o u r s e s   and  w a l e s   b a s e d   on  a v e r a g e   y a r n  

p h y s i c a l   p r o p e r t i e s   c o m p r i s i n g   t h e   s t e p s   o f :  

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

p r o p e r t i e s   f o r   e a c h   y a r n   in   t h e   wa rp   k n i t   f a b r i c :  

a v e r a g i n g   s a i d   y a r n   p h y s i c a l   p r o p e r t i e s  

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

a v e r a g e   p r o p e r t y   f o r   e a c h   w a l e   in   s a i d   f a b r i c ;  

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

a v e r a g e   p r o p e r t i e s :   a n d  

d i s p l a y i n g   s a i d   p r i n t   d e n s i t y   as  a  d i s p l a y  

e l e m e n t   to   r e p r e s e n t   e a c h   w a l e   in   s a i d   w a r p   k n i t  

f a b r i c .  

2.  A  m e t h o d   of   d i s p l a y i n g   a p p e a r a n c e  

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

p a t t e r n   of   w a l e s   b a s e d   on  a v e r a g e   y a r n   p h y s i c a l  

p r o p e r t i e s   c o m p r i s i n g   t h e   s t e p s   o f :  

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

p r o p e r t i e s   f o r   e a c h   y a r n   i n   s a i d   f a b r i c :  

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

w a l e   a v e r a g e   p r o p e r t y   f o r   e a c h   w a l e   in   s a i d   f a b r i c ,  

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

i n d i v i d u a l   p i x e l   c o n t r o l   of  t h e   g r a p h i c s   to   a v e r a g e  
s a i d   y a r n   p h y s i c a l   p r o p e r t i e s   a c c o r d i n g   t o   s a i d   s t i t c h  

p a t t e r n ;  

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

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

d i s p l a y i n g   s a i d   p i x e l   d e n s i t y   as  a  s e r i e s   o f  

rows  of  p i x e l s ,   w h e r e i n   t h e   n u m b e r   of  p i x e l s   in   e a c h  

row  i s   p r o p o r t i o n a l   to   s a i d   w a l e   a v e r a g e   p r o p e r t y   f o r  

e a c h   w a l e   in   s a i d   f a b r i c ,   to   r e p r e s e n t   e a c h   w a l e   i n  

s a i d   w a r p   k n i t   f a b r i c .  
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