




1. :it  r o du c t  ~on

l~.t : ~t ’d on recent work in image modeling (l)- (5J it is reason-

I t~ It ~ t (  t r y  t a  derive real image properties from the underlying

d~~:s assumed to generate the image. Amoltg such properties ar

x ;~~c’~~a p t -r l met e r , average edge value, and expected length of a

f F h ~ f o 1~~~w i n q  statistical models generating images are analyzed

If l  t 1 j - 1 4 J :  Pcisson line , occupancy , and Delaunay models. The

. t ~~S . I ~1 1 ’t i ( ~~ is that one of these processes generates a good approxi-

= ~on t~~ a riven class of natural iaages . The process which best

: h .~ts the image properties will be considered to be the process

~;. ‘: . ‘I  ~~~~ ~~~~~~~ h.• image.
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1 x1 ! ct t d j t r_i rf leter

:~‘,~Ithet jc images are easy to divide into objects and back-

.;~~ - i :~~ .1 . ‘I ’hu:~ the  perimeter of the objects in such images is well

~~~ ~~~~~~~ For di~~ital pictures perimeter is measured by f o l l ow i n g

- 
~• ‘t ~ac rdtrs and counting v-rtica l or horizontal moves is 1

t : .~i dia ~Tc n.t l moves as •‘2. A more accurate estimate (‘f perimeter

~~ t h ~’ av r , i - : ’  ot border length as traced in the background (white)

t i  !h’ :~ ‘1-Ih boring black points and in the object (black) along

p ’ • •i .:’- ) ring white points. Real images must be thresholded

~~~~~~~~~~~~ b - ~~- rt t~ -a surinq perimeter length . The choice of a good

t h ~~cs h~~1d w:11 not be discussed here .
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2 . 1 ~~ n th ~:t IC irn aqt~~

Ex~ t’ri :nents with synthetic images were conducted using two

-

~ ~c~-ts of m saIc models: occupancy and Delaunay (the dua l of

Poisson line mosaics were not considered due to the

erro :~ ; i :~~~: .ticed by the thickness of the lines in the digital

c .~;s o: ~. .don coloring of the Poisson mosaic .

C • l i s  • :‘. :~e mo-iaic were colored random ly black with prob-

~: ili t  p t::d ~~ute with probability 1—p. A regular tessellat&.:~

is c a l l e d  a ~V tessellation if each cell has K neigtthors and V

flt~~~ t at  • tc?I vertex. In (1) it is conjectured and experi—

~t~:~~a i l y  cuntirmed that a random tessellation ~n which the expected

n~:.bo~ of ~i i - ~hb .. r s  of each cell is K and the expected number of

cel l ~~~~~~~~ tn t: at vertex ~s V , has the same ox1.ected number of

- :C ~. -c ~~ed cc -) r r p o n c n t s  as a Ky randomly colored regular tessellation

:--vi h - i  t : t t  ‘ hev I:avP the same n umber of cells , tinder this

~~~I- ~~
- - :

~ t h .  total expected perimeter (T.E.P) c f  components in

- I )5.t~~ C i s  c a l cu a t ed  as follows:

ex~ — .’c t e d  perimeter of all components

expected cell erimeter
in  the regular tessellation 

~ expect~~~~~~~~f~ rsides
of a cell

- . •  ~hit eacn arid point in a regular tessellation repres nts

on’ - ‘11 the corresponding mosaic.

Oc --i:a ’~’~-; nod .1: Here the corresponding regular tessellation ~s

a nexaqonal arid. Let S — mosaic area , \ — intensity of points

____ _
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~i I  ‘ ; 1- t ’d en h . plane t o  a e ner t t ~~ the mosaic  n u c l e i .  U s i n g  t h ~

~L r :~- u l I  . t buv i -  and the e x p r e s s i o n s  de r ived  in  11] we qet :

T . l - : . P  -
~ ~~

- ‘ • S • b ( l-p )  -~~~ 
• = 4 p ( l - p ) S .

s h ‘x ~ • - c t e d  p e r i m e t e r  i n  t :u~ occupancy  process and the

. i . ’~~’ i , t - ; c  :. - : :~L P. - r  of s ide~; G~ a ce l l  is € 15 ] .

j.~~; ccra uted  as f ol  io~

N .  0 c o i l S  in  t h e  flo~;. tic  ~ p r e d i c t e d  No . of connec tod

c~~: pon t n t S  I C !  (‘ t i  I ~ i O C r V ~~d N ) . O~ C O f l f l C ct ed

components  i n t he mr:o .t

T : . o~:
P . N . C . C

• ‘S .  - 
‘I~~ 

O.N.( .C.

S = a r. .t o m o s a i c  h ay  i :~~ 100 c e l l s  ( t h e  same as i II T a b l e

I i  i n  or dor t o  have the  sane border  ef ft-c t)

r . - d i c t . -d 
~~~~~~ of c on n ec t e d  components  f o r  the a p p r o p r i a te

p ~~~~. t h . n -  x i i o n t I -~r id  t aken  f rom Table  7 in 1 1 )

5’ = lOx 10 h I X  i q on a l  1: ~d h a v i n g  100 cel i s .

0. N . C . C = Th~
. • -  rv . ’d No .  c- -a n e c t  ed components  in  the  q e r o r at  ed

n~~s t i c.

F x : - e r i n e n t a l  r e su l t :~ were  ob t a ined  fo r  fou r  mosa i c s .  See

:r ’ s 1 ( t ) - l C d )  f o r  the  t e sse l l a t i o n s  and F igu re s  2 ( a ) — 2 ( d )  f o r

‘ ne c - r . e s~ -o n d 1 n q  co lo red  mo-olics .  F i n a l  jud gment  mus t  be based

on nt ’ a v e r a : e  of these r e s u l t s .

Th ”  r o s u l t s  a rc  o iv en  in  Table  1. The average deviation

~~~~~~~ obse rved  and p red ic t ed  per imete r  is very small ( 2 . 7 % ) .  The

IL ~~~~~—- —~~~-—- - -
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(a) ( 1 )  

( c )

F - ; - o  . -  2 :  F : - a r t - : ;  1 ( t )  — 1( d )  colored w i t h p . 3. 
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1 r a c e  S

.., - n-’’.~ - h - i .  ~~~~ t ’~~~.-rr -I s ) 
~~~~ ‘R : - a j c ~.~~~t - 1 :  t - r e - i l

,., ~~~~~~~~ i r 1 t’S . ~- i ~~~~~S~~ t n .  ~: t ceS  a : . -  t h . z , .s hr ’l d , ’d so i s

a Ivo i - :  . n i  • e ~~- r0. -r ‘ - -..~~~
- a on - o ct  and  H i ck c r - --u nd . T h . -n  p ,

- : : i 1 ; 1 ~~ . 0 L ;t ’c~ ; -o . n ’  - - , i s o s t  ~n- t  . 0  i :  t h e  f r a - t  i o n

O~~ - 1 - - e a t  : - i : t s  r : .  n~ - im . t  :o . Tht -
~~ c - f  0 n r c - c t e d  o r ;  ~- n t - r , ! S

( 0 . N . C . C )  ~s c- a n t . - - 1 t a d  ~~~‘ . :- . - ‘ . ~s :- .- .o- u r e0 . (
~b v i o u s 1 ’  i i i

0 ’ 1 
~
. I ~1 i: - - - a .t i . -  nn~’ • - -as O t  l~o ¶ li h~ - I a  and

sb; - -a - .  • : ;e  I .  - “ . -  -~ so - - t  • 
- 
, * -e : t r . ;  • 0 S a r  - a - - - i t I v. -

• o -; - - 1 c - - - a - ;t ’ s • :-. t. he t n z -  . - - - - - 1 0 . ~I. - i - a. - ra t S w - - C. c. a. • - a

100 ‘ . 00 : -o :  ot - ‘  5 1 0 . 4 5 0  :c a: .- of r t :  1

(B :  .‘ , - I ) wa ca s . - I - m t . ’. . -  - . : -  - 0 m a d  a sy t o  t ! - a H 1 0

;; . . ‘ I- . : . r . - s  5 ( a ) — 5 : d ) .  The : . - a J 1 - - w e ! . :  : 0 . 4 0 S , O . N . C . C .  - .7 ,

l - t . : 1 r~~’ o z = ~~~3 .  C~ca-~-o r i - - a s  ..-~-r ~ - d <-at- t ’ ‘ e st  t ar . ’. -

- t i c  h - I S :  1 0 1 a -a  :ie , - - - .~~ - t n - ’1’ , tad I). 1 iu:.i - . . Tb.-

.5  ‘ i r e  - i s  f o i

1 01  S so: - : H — - 5 1 T - - - ~ 0 he cc a-i ~ t i o:

.~ • 1 0: - — -ra a.’ a : -.~
-
‘ - 1. - r  ~ V .’

• / ~~i’ .’;.c.c.

T. E . P . -- 4 ( : — ; )~~; ( . \ .S . 
‘ .~ ( 1 — ~~~ ’; ‘ S T  w n . -  r e  ~~.. is the CXI t~ C t t ~ c l

er r-’’ or ot -i ce i i  . The ‘-x :  ‘ ‘ . 1  n ur i e r - o’ s-i des o a c t - I  1 i s

4 [ 5 1 .

-
~   - 
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( a )  (b)

.3 
S

A’i r,_,.. •‘ ~~~( - .)  ( 0 )

~~i - ; a . r~ - 5: i )  i o - - ~ a ’ ‘ ‘ s I~~2 r ’ m r l  ic  ) - i c t a r . -

C l ) — ( I )  : A f t e r  t b : .  - a o l c h n c :  a t  2 5 , 1~’ ,
a n C  0- , r e a l ec t  iv e ly
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n a . :  i : ~c~ t : n! I)e iauna 1 : The cot roa r ond ing  formu l at’ f ro m Sect on

. l w ;  ro

:‘ : •  :.o;ul• s t~~~i t a r e t •  d i t t e r e n t  t h r e sho lds  f o r  the Po isson

H:..’, Occa .: - t : . . - - :  and Delaunay models are presented in Tables 1-5

- - a t  i v . -  1 1. Tb.- I -  t e l -a I m i ’  model is clearl y r :u cn b ett er

- i : :  a. ’ - - - a n ;  m a y  and  Dc iaun ay model s , as mi ’rht he qu essed  C .

at . ~~~~ i c t u r e . The P o i s s o n  line resul ts are also l e - ; s

s~- : - .1 i v .  t - v t r :  i t  i n  ot the t i u t - s h o l d .

~~~~~~~~~~~~~~
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- _ _ _

i tble 3: l a  I ‘.Sen I inc model

- 
;)hser’.’ ol (‘ a.:-l u t . . a . !

~ I ~ 

in. t r ~
.r s t .  m ‘ vi i t

25 2~ .4 0 8  .00 ( 1 20H 2 .~~ 5 . 3 3 , 5 - .

36 . 4 - 4 - .0 0 8 3  - 2”10 - L 4 3  - * .- ‘ . 7~

- ~~~~~~~~~~ .0044 - 1453 i ;l 7~

T b -  lo 4 : 0cc i~ - a : t o - 1 mode l

Is :7 .4 5 .0 1 .~5 - 201 8250 - ‘~~

1 ’  3 .4~ 4 •~4 5~ 2 . 0  : 5542

. 2 - i l .Oot .4q 145~ 2455 - 73 ; .

-: a : . -  Del :ua m~ node 1

. --__ - - -~~~~~ . - - - - -_1- - . - -

25 1 ’ .408 i . 0 04 1 1  11 50~~5

.0~~- t- 2’ .O 5~~12

1’ I a  - . .H~ .00 185  14 S 104 5 1~ q .

- -  ~~~~~_ _
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3. i x ;  -ec ’ c- d ed ’;t - ‘.‘a 1 Ut~

1:t t h i s  a . - ct  i - ; ! ’  we  d i a c 1SS t h e  p o s s i b i l i t y  of ap~~~y~~nq t b .

t n t 1 . s i ~ - 0  ‘- c t  :on I t o  ; - r t - d i c t i n q  t h e  d i s t rib u t i o n  of . doe

v I i  u . s  ‘ ‘ . - : , ,  ; : iO : . c .~ r , i  n i l  ude: ; )  for -w ii~~qe . It  is  concluded

• lot - , -no: r - c • on s w - i  1 d a 0 1 - . ’  v er y  accurate

~ o c a r ;  V : • -w 0; 1 r - . i — : . ’ is  c — a ~lp o s & ’ d  of three  basic parts

-: e a t  , -
~~ . :: — a - I  a a - .t C I Li l l l - ; c i n t s  . I f  we consider  the bor d ’’i

t o  be a b e  p (‘his i- ;a u n i - t  i on  w i l l  be d iscussed l a t e r )  , we m e i a u r ’ ’

• ‘ , - ; . : m: ’ . - .  - a  e d  cor~ ~~t t ’  he f r a c t  ion of border p o i n t s  per un: t -trea

st  a n d  ¶ or  • no ed-u’ c e :  .-m t o r ;  t h e n  the expected v a l u e

at  ‘. :0: . - ;na l i v e n

E ( ,~ 
) I - .  ( ~~) (1—;- ) •

~~ - - (~~~ ) ~~ —

w - - : e  L~~ ( . ’.)  ox ;  • - c t . - d t - .i~’ k - : r - ’ TI : ; d ‘‘0-:. - v a l u e

P - C ‘- )  - e x ; - . ’c ‘- -I 1. - -~~ . 0  : . -  v . 1 1 - ; . -

1~ (
~~

) r t’’~; 
- .  ‘‘0 l ; - i 0 . ’t  . 0 : e  v a lu e .

• - r n  ( ; - — : )  is a a t - ;‘c a r r , - - t  ~~-r r - ’n c i d e r x r i q boi de : r - - i : . s

0 i ’ .  U • t h ’-  - 0 -  - . - - t

w.- en m Oa. ’— d e~’-~. - j - c  i i  e l- : . ’  det e c t o r  in  the h o r ; 7 - ’ n t a i

‘-erimeteri o n ,  - - ‘n~”i l i c i t v , t ’ .’n ~~ 
~~~

- - s ince  v t h .  - l Vet . 1 ’t’ 

- m l ~ of ‘ to border ;e :n-i~- a ! - ;  are vert ic al .

Co n s :  l e t  now a -~t - ~~ i - - . j e a ~~ r~- C . ’1  in  w h i c h  the n i — l o o t  an d  ha rk—

ci id i t -  : o n a , i n  a p i c t  t ir e r , a re  qenerated by independent  a n d c~

- ‘. - a c (- c . Tb.’ 1’ -t d e t  is  a r e s u l t  of in t e r ac t i on  between theut .

t 
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I n  a c t  we W I l l  c ’or:~ -u ’ .’ t h e  l !-o k o d i l i t  - d i s t r i b u t i o n  of . -dq o

1 u. s i n  each r u - I  i c t .  ot I :  d ive :-. t w O  P :- eq ions , one w i t  a ~-r ~

t l : i ; t . v  d i s t r i b u t  m e n  i (I i
) ~m r:d  t i ; . ’ o t h ; , - i  w i t h  p2 ( f

2
) ,  we w i l l

- a : : o .- t a o  .0 . 1.  o t  ¶f .,— f 1~ 
( . 0 - r e  v a l ue  in  P)  , w ho : . ’  f 1 t r iO

i : . - a x  - . I - - v. ‘ 1 .‘ .i 1 a.o s in  -c i c a- ;  1 a ad 2 r ’’ oct  i ‘~‘‘ — 1 y

( - — 
, 0)  1 ( f ‘ )  h - ( ‘+d) ~~~~~~~ ( f  ‘ — d )  I

0~~f ’ - -
• ‘ S m r . -  C c d I ; t i r . u o u : -i m a c i  s et t  i f l ; t  x=f ’, we co t

a 
,

i n - ;  _ t r e  ~~~~~ ~~) t a d  -
~ 2~~~

- :’ 2~ 
ro a; - - c t i vt - ly ,  • ‘t

- 
— i - i ’

~~ -~~ . — ~ l ’ -4-~ -~~—
; : (  : ~~~~~~ , 

- c’ i )  .= ~~~~ [ . -  • .-  I

A - ‘ ‘~
‘ 1 2

a — - 
- - 2 1 ;- • 2

~ I 
. ( :

i 
‘ 

~‘ i~ 2

( — I’ -

I ‘ 
• 
‘ 

- = 1

2 c, e ) 2 .~~~ t • I ( ~ 
-

r — .  - - a.

F ,. . (x ~ H)
- (0 , i )

m l i t l t i o r l  f a c t o r  of ~- ( ~~f
1 — f j  0)

C ;n l - - u t : : : - :  th e ‘ - x 1 - . - t ’ ; !  va l ue of P~~~ 1 —f 2 - d) over the • ‘n t  i re

:r m y 1. ’v.-I r i - ; - : ”  (0 , ‘
~~~ 

we - u ’ t

- -I. ( . 0 ~ F - 
— 

i ( -
~ ~~~~~~ ( N  ( B )  —N (—B))

-rn - - ~
:- 

_ _ _ _  _ _ _ _
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‘- i . ,  w , -  : o tv . - 11 ~‘ s. t h at  N (13 ) - N ( — ) 3 )

~~~~ 
~~~~~~~~~~ 

~~~~ ~~~~~~~~~ 8- 0  so t n a t  N ( 1 3 ) - N ( — 8 ) .

‘ : : - : ‘ - l c - ru  ‘ h . ;;oc i0 t t ’r in  i i i  L ( ’ )  is always ~> O S 1 t iV e  t i c d  t h U S

so i s

A - - - a - - a - ;  t a . i t  t a . .  :: . m y  1 . - ’ .- .’ I s  .it points at di ; t a x ; c e  .i~~ Ie .o — t

-0 m r a. a d : - a:  ‘ - ‘ - 1 a r . - i : ;d . - r  -. ‘nd. -n t 1 y a i a t  r i Cu ; t ‘-0 i~ ’c ( - !  i ~ a - :

C .i~~ -
~~ 

, F~ ( ‘
~~ ) i s a l so  t rue  i i n ;  i d e  ¶ l i e s ’-  C~ i i -n s

- - v ;  :. - C -.~
- .‘ s ot  

~ 1 ~~~“ 
a :;~ i 

i 2 ’ I i ;  t C: i s  c . o - t -  w; c i t ’ t  F~ ( ) ‘
1

1. I : .  - - i - . -  c I
a -I ~ 0 , t h e  tormula for l-~ (‘0 i s  r a t  v a l i d

1. ( - ‘0 = 
~~
‘ t~• , — , - .

U a t - r t t n a ’ iy  t h : s nc - i t - i  ~o r ave r t -b  ,~ c l - ~~ v a l u e  . : t  i s - at  ion  i n

* i t .  S m : ; - .’ -
~~~
, ~ s :  -a L i d I ; - n d i : .  On t a( ’ ~~~~ i i - . - t . - r  , is n t

ac ~1 e .- . 1 -  ‘ 1 . - t a ; : i s  t n - I t  t I  i r . - t i - r  r . - . m ; o n i ’ - r .  at  i s v - r  s . ’ a —

• vt- ‘ - : - -h a l - I  I l l  1 c.i t - a - i Ct u n ’ , ~ia0 ‘I .0 t h o r  e iS

‘—‘a. t -  - d . t o : r - : n c  s o  correct t h r e s h o l d .  M ; i c ; v e r ,

- -is; ’ ; :  ; • a. - : uni .- r  c - I  c on n e ct e d  c om p o ne nt s  in  t a . -  c.e.o of n a t u r a l

- .a- :oa is :- - • m a c  • x a t . -  s i n c .  wi’ - l ;- a ’t k n ow b~ t o n i - h a n d  w h i c h  is

~he h - i  l y i : .  ; t o  ; a o l l at i o : ;  ( m a  Wi ’ d ;d  i n  the case of synthetic

t s ~~~~t - .€’ r c - - r o  w h : a h  s n ai l  c~~mi ont-uts to discard l i e  t o

‘:- ;r o ’ ;h n i d i : ; - ;  e r r o r : ; . We also don ’ t know which separate components

C - ; S e  a Ste  ; i c t  t r e  t ;cr d . ’r  r u s t  he considered as one because

: . -y i n  .- joi ned C - - : - ) r~ l the m r - - m c U ’  herder. The assumpt ion of in—

d’-;- .’nd ,,nc :i’ of q r ay levo is at ad jac ent .  points of the ~~
- i c t u r e , or

even  at di stance 2 apart , is not a lways correct ; this was checked

in the c ’a:;, of the marble picture (Brodatz *62) . When blur is

- ~~~~~~~~~ ~~~~~~~~
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~~~~~~~~

- 

t , • - r :  r ot . ’  r j~~~ r i o t  as w e l l  def i nod as in  O ; i t ;  n a - ; . ’  a

S C)  I S

‘.:. su:- ::a.1z ‘a , t ’~ cx:: ; u t 1 : m ; , ‘x~~o c t e d  .0-;.’ va lu, , .Is- --um ]r. -; - a - n i - n —

01 t n , ’ :r ; ,t c .-  Cc- .- a a i m : h m mo-at ic  J - r o c ’ess , c ’ : n m n a t be

10 - e ’ O U T  m t . ’  r e s u l t ; .
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4 .  ~ X j t ’~ ’ ’ . :

The • -x : - .-~’ r . ’ l w i d t h s ( r u n  l e a - i t h s )  of c o nn e c t  . 1  c r :  -a. .  at  S

m a  s- ,’: , t C m ’ - t  m a  i r . m - : . -s i s . x : ; i 1 ; , ’~ -~ C m r s  (~~- J  . E x : - . - r  iment’~ w or e  . lvx . .-

i l  :0 i t  y ot C m . -  1 - c l  1 - -.~~ r -. - :  - rmu I i - - C r t w o — c o l o r

r~- - s - m i  ‘5 :

I ) 1 S — - : ::‘ ‘: ! - : ( m  ) ,-
~~

-, w c :,.r . . 1 = -

r u n  1 • :a  . m

I I S ;  • i i  -  -~ • - a. - - C i n — o  - -

= 
4 . ’ 1 — ~~ )

2
= -~~ -

( I — : - )

‘, t o  ‘ h a t  tO;’ - - - - t o : n ; a : -  i :  s ; : :  a : 1 m r  f -r  - 1  w a i l . -  t h e  .-~:l -enI —

- ‘ - - * i 1 w i a  • a e p : -e’h ’ -s t 5~~t ’  i r a  :‘ - f n m .  - w i c I t  h f -  - ‘.‘a I ::. -a n i - t x

Th . - r • r o t . - h i -  v - i l  i i  y - t - , ’ - - i C -  - ‘,‘. -  ~ r - y ~~’u i t s  - L h ~~; m I d  C e

‘ .‘ - t - - - i  :0: 1 - -.~ valu .-s . I:-, ~ i - - ’  ; = O . i wa s  c i s s e c i i n  t h . -  f o i l  w rn:

r ’ ’ s i l ’  a t - - r  f cr  0c - ; : cnc  i r s - I  P ’ l a ; i n - m ’ ;  n nd e : s  are : i ~~’. — :

n T i C - l e a  • -  m :ai 7 . :-- - r n . ’ i rb i e  i c t u r e  ( P n c d a t ~ ’ ’ s 1 6 2 )  t h e

r e T ;  i~~~~s ;a  T i :  1.’ ~ -th ’w l ’ s ; . ’ : .  ;o  : v i t y  t o  t h r  -hold var iat ion s :

, • 1 ’ ’  t w. - . - f l  ‘ s ’ - v ar  1 S :“; — c I . -  I s .  As i s ;  Sect i — — n  , we use f o r

t n ~ 
- i 1 a;; 1-m a i :is in  i a “ m a  I r~~~~- of a tesse i1.i t i on which contains

c ” I  1- ; w h o l l y  i u ’ l l d e d  in  th . -  ‘ ) r i - : I n a l  f r a m e . C om p o n en t s  touching

n-a ’ borde r Ir ; t b. ’ i n t e r na l  fr im e are considered for run  l e n q t l

c - - -~~ ;;~ t at  i - -n • since  i t  i s  bel  i . ’ ’,’ed that , on the  .-w.’raqe , the

t _ 
_ _ _  

_Ii ~~~~~~~
Ii-

~
-i: i_~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~- - -~~i---- -- ~~~ -— -~---- - -- - - - --~~~~~-~~~~- - - - — - - 

-
~~



_ _-  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ - - - -  --~~~~~~ -- - -_~~~~~~--~~~~~~~

i l  1. t : S ~~: :t ;  ~~~? C cc ii .1 i i ; ’

‘- i : - ‘ ~~L s -; .  - a - C — r: ;  s i t  ‘ - c i
- - : - -,..- i d t a A i t h I ) .  - V i. a t i on

1 . 0 0 3  0 . 3  2 1 . 4 . 1 -1 . 4 7

2 . 0 0 3  i L l  20. I - ~ 1 1 1 . 4 7  -

I . 0— 3 0. 3 iLl . a t - i 1~~.47

4 .003 0 . 1  1 - ’ .3a ~

A a - r  i - a -  .0 0 3 0 . 3 2 0 . 0 0 . - 
~ 1 ,4 7

T - i : - I ’ - 7 :  ~~ r i . - ’ i - ’ I h - l 1  ; : s - t v

‘- i : ’  lb . - ’  a - - i  Con;
- 

p w - i t  a -
~~ i c r ’  C ; I a - v  : a t  i -  a

- 

0. 3 1 ~ .0 1 14 • 7t

I - . 00. - 0 . 3  - C. ,0 0  14 . 7 . -

3 . 0 ) 1  0 . 3  
- 

: 5.  . ‘ 1 4 .  7~ -

4 . 0 - I  0 . 3  1. ~7 - 1 4 . 7 ’ -

• ) O. 
1 

1’ . 1: 1 4 . 7 ( - l O . 5~

--- -‘ - -  ~~~~~~~~~ --

— -

~

- -

~ 

- ~~~~~~~~~~~~~~~~~~~ ~~~~~~ -- ~~~~~~~~~~ -- ~~~~~~~~-
- - -~



- — ---- -.~~~ 
- - - -  — —----

~~ 
-- ----- -- — - --— --—- -- - ------ ~~~—— -------- —---‘ - - - -

- 1

.~ .-;‘ ‘?

-s-i

~~~~~~~~~

2

- “ -

- ~: ‘. .i” ~- 
- , ‘p —

- ‘t: :-
- .4 -

-
-‘ I :~ _ 

,-; :1~

-

a. ‘I
‘ -

* c~ - ‘

- ,  r -  .;‘
S 

- - .

- ‘  S - •-~ -

if’ -.

:- r 
~

- 
~~~

— -.-~~~~-- — --- -- — 

1



- - : r - -  a • .~- C: o r  t : - - - r 0 . :  — t amos  i r a  a- -a ;; — a. -a i n . -n c  - t i :  - ‘ -  I . 0

i :a-; i - h -  t a.. s :  i - s . - .

As m r s  t a . -  - ‘5 s - ~~ ; . - r 0 . - t ’ - :  , h .’ P o i s s  s l i n e  ~~ - i  - a s s 1 .

- — Cc ’ - -C c - c .  - : ‘a’ - : a:: I . - :  - : ‘ : - a c- -a : : - ~: - ‘ 
- a a t a .  a t i - C 1-  -

- a - C a ’ .~~~ , I : .  i- ’ : : s  c;; 5 t im e s  C - - - ’ • • in • e r . : - l o s s -

- 50 U t  l i e :  ‘ A :‘so . . t i c  s cd . i s  . t-t - r  t oy , - !  , x : ;  I: .  - w s - i  ¶ :: c m  ;;. - C. .

- - ‘. : ‘ o:s :;. - ‘ - - - ‘ C m ’  - Ot - .‘ t- \‘.‘ - : i ’ - :  : - : ‘ - .1 i — ‘ ‘ . ‘;!  ‘a, i 1 a’ - i S .m ¶ a ; - s

I~~ ~ I - 
- - : a a- r: a:- ~I. - 1 )  , -

~~ i on m S :s; no C 1 .- s  t n - u .  C ;.  - - C. - ‘. i a t  m - 1 n

• 
- . - : -‘a ma - . - ‘ - : - m - - o: ¶ : • ‘ - a - : :s ; - 1 ,  - 1 ( 4

— - — -  -‘- -  - -  -- - - --- — -~~~ —- -
.
~~

-
—~~~~---

-— - - — - - -~~~~~~~~~~~~~ --~~~~~~~~---



- 
_ _

5 . C . 1 : n i ~~s ; s.

t )  I.. - - -_~~~t 5 t . - r .‘ x p t - ;- t t - c ;  ~~
- .  ; ra. - t  . 1  i f l  ¶ w -  — c o l o r  s y r m t  t i e t  i C ’

i ’  s - ; n : s  i n . -  in  v. - z  aced t a r  • • : ~~~~~~ : t  ~ t C ~ ohs.’r vat ions .

C - )  k , - c u i  a C - :  r ‘ - i l  i r a - : . - a . t : ’ - : m - ’ t  V t - r \ ’  - ;o. cC . Some modL-i s

• i s ;  01 : i - S r i - i  • usC ’  - : - . -  • . - r :m a n  - - s i .  - x s , but  • - i i  tb 1 - —

C i . - - :0: s T-i C 0 :- ~
- C ‘a ~.-:s - -n 1 y . t ‘ - r • i s , - :  a- - - - x ’  - a I i ::;.i- ; t -  a . l ’ s in - :

:- . - n i r . - t - - r  ,S\ ’ i I  .s i t ; - - .: t o n  .‘i-o ; Pat ’ : s s - r  ! h o t ’ d - a-  v a l u e  ( j ( - i ;S i t  ‘.

i l m a t ; - ; ;  -L i  11 r ho a~-cu x 0 ’ , ~I u -  - i t  a b-~ . - a ; l i -: : c  t -  on t a

• s c : ’ - - - c m ~: . r :a  p t - - a ss ,.- : s ; a h  m s  rio’ m a c s i r  i t t - i ’ . ;l. ’~ i : . .- O .

- a )  I : i i  : rs i~ : , - ; ; , A r ; - - : .~ ‘ : : - . - ; , h - - 1 - I ~- a x . - ; m s s . ’d t o  O: ;t  l a o - m i n i ,

• - ‘ - ~- ‘ - o n  oC j . -  - s  t : 5 1 i_ - , c k o :  - a .  C , - r ’ . Ci i s  mu c h  l e s - ~; a - n : ; i t  1’-’ ’

• a :; .- s - -  r - - - ‘ • - : • 0 -: r : a ‘ m s - S i fl he • C: ro a C o - I  0 , a :  a C s.- io - - r .  -

S a sa n a:: - • - ‘ - a ’ ’a ; ;  U !~ t - a - ‘ - : a i r s : : :  - S - . :. - n o r  a t  1 : :- :  - a I —

I v  ioa .

~~~~~~~~~ —
.‘— 

~-w~i_ —
-~ - ~~~~~~ -‘-‘--~~~~~ .-~~~~~~~-—— 

- --- - -  ______ ____________






