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Preface

It has long been recognized in the field of image process-

ing that the design of processing operations should be based on a

model for the ensemble of images to be processed. This realiza-

tion is becoming increasingly prevalent in the field of image

analysis as well. ~nfortunate1y, it is difficult to formulate

realistic models for real-world classes of images; but progress

is being made on a n umber of fronts, including models based on

Markov processes , random fields, random mosaics, and stochastic

. ranunars, among others. At the same time, analogous models are

being developed in fields outside image processing , including

stereology, mathematical morphology , integral geometry , statis-

tical ecology, and theoretical geography.

This Workshop was devoted to a review of the ma~ or ideas

on image modelling that have been developed in the fields of

image processing atd analysis , as well as related ideas that

have been developed in other fields. The presentation s at the

Workshop emphasized general aspects, rather than problem—domain-

dependent considerations. Thus the Workshop served to focus

attention on the field of image modelling by providing a review

of possible approaches. it also served to stimulate contact

between the researchers in image processing , statistics , and

other disciplines who participated in it.

I



It is planned to publish the Workshop Proceedings in

book form (Academic Press, 1980). For this reason, the present

report provides only a brief summary , including the Workshop

program, abstracts of papers . and lists of invited participants

and attendees.

_ _ _ _ _  ----—
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WORKSHOP ON IMAGE MODELING

International Ballroom
Hyatt Regency O’Hare, Chicago, IL

P rog ram

Monday ç August 6

8 : 4 5  AM — 12:30 PM

A. Rosenfeld , Introduction

C. A. Harlow and R. W. Conners, The theoretical development of a
texture algorithm based on statistical models of texture

M. Hassner and .J. Sklansky, The use of Markov random fields as
models of texture

T. S. Huang , Mathematical models of graphics

L. N. Kanal , The Markov mesh model

R. I.. Kashyap, Multivariate autoregressive processes for images

3. T. Tou, Pictorial feature extract~on and recognition via imagemodeling

2 — 5:45 PM

J. P. Serra , The Boolean model and its derivatives

~3. T. Herrnan, 3r. the noise in images produced by computed tomography

B. P. Hunt, Nonstationary statistical image models

W. K. Pratt and C. D. Faugeras, A stochastic texture field model

B. Scha...hter, Long-crested wave models

W. P. Tobler , Generalization of image processing and modeling
concepts to polygonal geographical data sets

S. W. Zucker and D. Terzopoulos, Finding structure in co-occurrence
matrices for texture analysis

—Ii



ITuesday, August 7

8 :45  AM — 12:30 PM

R. E. Miles, A survey of geometrical probability in the plane

N. Ahuja , Mosaic models for images

I.. S. Davis, Detecting edges in textures

B. R. Frieden, Statistical models for the image restoration
problem

R. N. Haralick , A facet model for image data

J. W. Mod.stino, P. W. Fries, and A. L. Vickers, Stochastic
image models generated by random tessellations in the
plane

T. Pavlidis and P. C. Chen, Image segmentation as an estimation
prob lem

2 — 5:45 PM

0. E. McClure, Image models in pattern theory

0. B. Cooper, Stochastic boundary estimation and object recognition

H. Freeman, Comparative analysis of line—drawing modelling
schemes

K. S. F’S., Syntactic image modelling using stochastic tree grammars

8. J’ lesz, ifferences between attentive (figure) and preattentive
(ground ) perception

C. N. Tenenbaum and H. C. Barrow, Intrinsic surface characteristics:
a physically motivated alternative to image modeling

H. Chernoff , Concluding remarks
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WORKSHOP ON IMAGE MODELING

August 6— 7 , 1979

Chica~o, IL

ABSTRACTS CF PAPERS

The Theoreti~ a .  ~eve c~ r~e~~t ~ a exture A~~or~.thin Based on

~~~st~. a M~C e s  Text~~ e.” Chir es A. Harlow and P~ chard

W . ~~~~er s, Le r t ~~er ~t of E e ct r i . a 1  E ngi ne e ri~~~, Louisiana
S t a t e  Th~vers~ ty, Baton Rcu;e , L.A 7 0 8 0 3 .

T~’.e theoret~ ca . deve lopmen t of a texture algorithm is

~~ccussed. The development  work ione th u s  f a r  i nc ludes  the
t~ eoretica ’. evaluation o~ tour tex tu re  ~1;o r~~thts to perform

t~ x~~.re ~i sc r i n i na t ion .
The .~crith~ s exanined are the SpatiaL Gray Level Dependence

M e h ~~ , the ray  Level Run Length Method , the ~ray LeveL Oif-

ference Method and the Power Spectral Method . The evaluation

procedure employed does not depend on the set of features used

~~th each i or.th~ or the pattern recognition scheme . Ra ther ,

what is examined ~s the amount of texture-context information

~

-

~
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contained in the spatial gray level dependence matrices , the

gray level run leng th matrices, the gray level difference den-

sity functions and the power spectrum . To do this type of

evaluation a number o~ mathematical formulations are required .

To make these formulat:ons mathematicalL tenable , the class of

textures considered ~s ~~mited to Markcv generated textures .

The Markov textures e~ rLoveo are s~~u lar  tu  the ones used ~yV h~ s ~nvest~~-~atior .s •?f human tcxture ~:erception . The

~~-~orith:n which was :o u n C  to be the most robust ~as the ~oatial

;~- a v  L.e :e 0eper~ ~er’~c~ Method.

The second p~ir t  : the ~eveiopment work which is ~escr~ bed

~eta~..ls t~~e e~~: : r t s  naCe to ~~nd a set of features ‘o measure on

the spat .~a . :r.iv evel ~e~:er~dence ~ itr~ ces. The features are

• v : ~~~~r.e~ as ~~~~~ t:~e :~r~ n~~t~ ve - - :-er3tors which ~~ ll be used

a h~ eraro h~ oa structur,~l Level to make inferences about the

~ is~. o under .~~~ ; fabric o~ the texture. Proceed~ nq

-ashion a1.ows or~e -~ nt:ne the best teatures of both the

stat~ st~ ca level a~~ st~~~c~~~ra leveL o~ texture hscr~~~~nat~ or..

~‘articu ar , a ~etho~ cloc’~ ~~ L l be d:scussed which ~~~~~
i n-o w  the ~pat~ a ~ray ..e-.’e~. ~e~ enience Method tc  be used t o

‘~etect boun~ ar~ es of textured re:::~~ns and to ~etermine the u~~:t

:el ~~ze a tex turi1 ~attern . The unit ceU is the funda—

b~~~~ i~~n~ b l o c k  ot a texture. It is the tile which can

he used to cover  t~ e ~~~~~ and create i o  ~ ma~~~e of the texture .

This concevt is si~~~lar to one -~escribed by Zucker. The

‘.•~~~~~~~r~ and ana :s~ s of the texture edge detector nd unit

:ell  3i:e neasure also uses statistica l models for texture.

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



“The Use ot Markov Random Fields as Models o~ Texture. ”

Martin Hassner and Jack Sklansky , School of Eng ineering ,

University of California , rv ine , CA 92717 .

The ob~ ect~ ve of this paper is to introduce Markov random

fields , and ~n particul ar , their Gibbs parametric description ,

as a unifi ed and useful framework for the modeilino of d~~~~ta

:r~~;e text~ re. We demonstrate the e~ u~ vaLence of the ~iu t s
parameters to the Markov mode l by analy sis ~~ the graph struc-

ture of t :~e d: ~~tal :r~aqe space. The ~ibbs-Markov equ~ v3lence

~.s the corresDor.~:erce between 
(j) a ou lection ot local -:cnii-

t~ onal vr~~~ab~~l~~ties Ce oed on ~i s:-at~ al ne~~~hborhooe~ inC ~b)

a -oo lect~ on r ea L  ‘.•aL~~~C parameters ~ef ~~ned on the ccl lect:or .

of ~on n ec t eC  su b ~r i y h s  o: the  s~-at~ al ne~ :hborhood connect~ vitv

‘h ese  s ’ u o : rj v h s  or  ~.i~~ues ” are i~m~red~ ents of -in

e:t~ c~ ent r e : r~~se n t a t~~on o: ~iq~~t i~~ed t e x t u r e .
13j th :~~ Crete ~nC -ontinuous iluec M.irk v random f~~e - ~s

can ~e ren:-egent~’ ;~ bh~ arameters. We r e s e n t  alqor~ t.~vts

for octimal : est .atir.o the ~ibbs ;:irar~eters of both i:scr”te

an co n t i n u o u s  valued textures. (We ass  u~ e that ‘he cor.r

v a l u e~ te x t u r e s  ‘an be r e :  r ese r .t e  ~.v aus s~~ar .  M a r k o v  t i n
: : o L J s . )  Th e  ex~~st ,~nco and p r o p e r t i e s  of t h e s e  oFtina est:r-ates

~nd the a ;cr~~thn s t - ~r the~~r ~~~t~~on are a d ir e c t  cor .se—

~u ence  ) f the identi:~~cat~~:n of M a r k o v  random f i e l d s  as a
c iss of exponential ncde s. The l at t e r  are wid ely ~se~
t~ e inalysis of ~ultivariate data because of the existence of

a au~ficient statistic for the model parameters. In a d~~~ita

‘~xture th’.a su~ fic ient statistic is the histoararn of cliques.

L 
For a ~~ven va ce -o~ this sufficient statistic , the maximun

L i k e l i ho o d  v a r a n et e r  es t i~~a t c~s c o i n c i d e  w it h  the maximum entrorv
V e s t i m a t e s .)  The fundamen ta l idea of our e s t i m a t i o n  a lgo r :thxn

is the n on en t  n a t c h~~no method . By t hi s  method t h e  observed

~~~~ t :-~~ me~~ents der ived fron the model a r e  c o n s t r a i ne d

to ne e~~u a l .  The ‘?- - tinal parameter estimate achieves th is

e;~ ality .

- -V



I
Markov random ~~elds in wh~ oh the dependence among nei;h-

bor~~n~j pixels is un i d :r e c t i on a l  are known as u n i l a te r a l  (causa )

M~irkov :~ t :~uom f i e l d s .  Markov random fields w~.thout such a

C i r e c t ~~onal  dependence are  m u L t ~~L . i t e r a L .  The e s ti mat . o n  of the
ibbs parameters of ~ult~~late~~~l M.irkov r andor i  f i e l u s  r e q ui : es

in ~ ter a t~~ve ~t s~~en t  on a Like L~ hood :un ct  ion , whereas  c~~~~seu

~~ rm est.:n~~tes e xi s t  :or unilatera . Ma :kov :anVdom :~ e Cs.

~ e ~e : i n e  the n r e ss ur e  f u n c t ~~on o: th .~ 
V ; ~~bbs : a r a~iie te : s

is ~in ~n f o rm a t~.- n  t he o re t . c  ~ie~i s ur e  c: t e x tu r e  co~np l e x i tv .
Tb s ead~ t~ t :~e concept  of r e l a t : ve  es s u r e  i~~ ~ ~tet s ure of

t u e  goodness o: :~~ t : a M ar ~~c-v r.inoc!ii f~~eL ~ •c real ~a t a .  The

t u o r t it i c a l  and c : r i t~u t a t  ~cn a l  n r o~ er t ~~es of the n r e s su r e
t~~ou ar e  s t r :~~~~n c v  s i mi lar  t o  t ho s e  o t  t u e  r a t e  ~~ :~t r t : r.

.~ ed ~n c3nmun ~~c.t t • : . ‘ -  r. . ~~~~~ :cr e sen t i l  :or hut

r the :~‘r’t~uta . ~: :. .‘ nressure unct
-
~ 

• - e  V r L ) s — ~ .a :- ‘~ov • ‘ v .i l e n c t~ , t - e  ~bbs n a r a n Ve - e r s

ie used •-o s i m u L a t e  M a r co ’.’ randcni t i e . J  : i t a l  tex~ ;r e s .
t ljteral Ma : ’Vo” random ~‘~Lds ir’ $ ~ .ulat. ’ ~ v ~ cr .te  Ca:  L a

~ et h o d s  t u r  ~u~~b t u e~~r e - : :~~n :  i n  a .it~~ t L  ter’uor t rr ~-ress

t u a t evo ’.u:es i~~ - :  • a r e L ax a t . : - o r.  e - :~~at ~~on I an

~~~~~~~~~~ s v e .:;~~~ e - i : n e : . Th~u; •‘~ u iL ~ br~ state ~s

‘~a : -.c’.’ :~~~n :~~ri : ~el : ec~~~ie~ nv ue  i : o~ ~:a :~~~e’ e r r .  We
: e3 e n t  1 ‘ as t c u ~~e C a r l o  a l c cr : t~ n t h a t  : er~ ; : i~ u i : ;

L i t _ o n  e~~: .o i e n t l . ’ . Anc ’ue : class of ~L :~ r . ’ u—o; i s  .n t :  -

Liter al “~a r V o ’ .’ r a n  ~~~ :el d~ n3 can

be ~en e r a t  r e c u r si v e ly . Th”se a 1 : r • 
~-n ~ ‘Vl ’  e an a d v an t a g e

since u.’: ~erie:-ate textures eL ”r ” ~n ’  ::y e le m e n t  ;i a sp e c i f i e d
bo : n C ar .  u~~r t u a n  ~~ VT - z thron • u.  ~~a : e  by na;~’ i .‘r a ’

t he  ‘-h -n ’.’ Ca:lc ~c~ :

We ~n t r ~~Cuce a s~ n u l a t ’.cn ~ L : n r ~~~~~ ~~~~V i  is i a r , e~ or. ~

~~ or Ma:~~o~ chain c or . st r :~~~~i;n which re su l t s in  .n~~la ’ - ~ aL

r e te~~~r aus s . a n  r~~n~~- -n  t l d ~~. T h e se  t e x t u re s  ~r~ssess a

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



separable exponential correlati~~n structure. Exper~~’ients at

Bell Lar~orator:es suggest t u at  mcst real nictures possess suon

.i c o r r e L a t i o n  s t r u c t ur e .  ‘ hi s  c ur t  t~ cn str .cture of a

l a t e r a L  Ma r k u v  r a n d o t  f i e l d  ~np L ie s  the e x i st en c e  o: a Mar Ko ’:

cha~~n a L o r . o  each .~~~ its ~ionoton:c r at h s .
M a r k o v  r a ~~~c r. f ~e1ds ar.~ -use ful ~n~ Ce ’s for t ue :.- .

~: a u t o :n a t  t .~xt-: re classif ~ers , b e ca us e  ( a )  t h e s e  ~e1ds c a n
V 

b e s~~n u L a t e d  • ‘: :ec t~~v eL ’ :  .ind b )  ~~~~..‘ - : : . -  L a t : : n  :~~t .. r. ’s O~
secon : rder : e r t~~e~ o: ‘hese f~~eL :u s~ . c : :~~- a f V i r~~~~1’.’

t u a t  ~an  ~-e ~;cr :~ i~~n at e d  :n  n h . - b a5  s o th e~ - i bb s
• .‘ S

•~e ~CSC :~~b, ’ a :~r - . Vu e C  :‘.. ‘u  c : - :  :lass’.f :n-u textur .~s ba~ .’- d

-on ue~~r ~~ lrL V s :arame er ; . .~e ~.~ : : u . ’ t n .  :.‘ ‘e ri er . ce  ~ru: 3 h —

o: n e se : ar ~ • t e r s .  ~c’ - sh .~ t r at  :.‘

lz~~~~~~~~~~~ . : , s .
•

V to:  V ~- ,.
~ c ass  * 

V *  L a  : :~t

• e r t s  0: • : V . -se  : a nc e s

L _ _ _ _ _ _ _ _  _ _ _ _ _
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‘~~ a t h e r i at . -~t I Mudels 0: a~~h i c~~. Thoma s S .  ~ u a n u , Schoo L of

E e:t:icaL E ;incer nz , Pu~ Jue ~n~ ’.’ersity, West L .Vt ’~ . 1 v et t e ,

4 ~O 7 .

Wt’ conce. ~sel’.’cs with the e:ficient cod~ nc of -~r~~~t :~ cs
e . ,  i:na ;es * : V i h av e  cn ’: two  ~ r a v  le’~’el s)  : t : a n ~~~- i ssion

Jr ~~ura;e . Ycur cjt.’ ; ur ~~es ~~ ~i.it:~ematical models cr

a~; a t a  s .: ‘ . - - .~ •‘ resented as ‘~~e I i :  t : .e  . r . t er :  la ’. L e t  •~ V , r

~ ue s c  nu~~e~~~. t t . d  c~~d~~n - ;  schemes: Jo~ :.t : ~~ ~L i t v ~~~~~~~
i t  ona  I :-r :rar L~ : Is , c ;n t ~ cde Is , a r . : :a t  te~
:‘~~~~~ori ~iode1s.

The ~. : “ ~: a : : s .scd t~~~V o e a n  ~~r V a z . ’s ~hic h ~r e e u.- r

ly o~ i L l y  i : a : : . ‘u~~~ , ; r a :  L~~cs :r .c u d e

: e s of n - i -  :v s
11 l~~V a ;es ~~~~~~~~~~~~~ i:- ” u V r - V~~~~ ua~~ . Lv  t- ..~~— ’~~ne. E x m ~~L~’s a:e

~~- 5  ~o- ’ un.’ n t s  ( e : - :  •‘ - i i i  L .’ . •.~~~~: • .e. L e t t e r s ;

..“a .,r iV t ’ • ~~~, ~ ;~~neer:n: ~t i~~~. :5, newsn i :  er  in .:

nao t.:in e : ~.‘e5,  : ~ n q e :  u :  i :’V~~ t :  :5.

.~~~ ~~ n a r ’ : i a - ;es l e t :  V •~~~ : :On • • V  : _ • •~~~V “a :es

:‘ - : ‘:‘: es.’:c ~ co :. ..n ; -  . s —  n ’ :r.a : • ‘ - : .:_ ‘il
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~~~~~ : cuV .: :- . V - ; s —  --n e  i~ i3 :e in
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c ’e f f ~~cient g  i n  each b l o c k .  The loca tions  can b-c

r ep resen ted  by a b i n ar  ~zia~;e.

~b )  :- c on t o u r  cod i n~; schemes , the contour information

forms a b~ nary ~ ii~tOe .

In t:::s ~a:)er , we shall ;ancentr.tte on the first image

class , esr-ec:ally lus ~ ness dociunents a n u  w e a t h e r  maps . The

tr an s? ’~~$S~~on a:’.d : i tj r . ~~;e of :2’ : s :ness  u o c u i ien t s  ~s of r--arti c-u ar

concern b ecause 0: :ts :-ctentii ccrr~ e :’~ aL market.

“The ‘~ark’v ‘- ‘.‘‘~h M~ ~~~~~ ~~~ ‘ . F i n a l . : i~~~ r ’i ’o r”  f - ~ r

i t te rn  t l ~~~- : s ,  :1.. i r~~r.en ‘ f  o mr - : !° :  S c : e r, cr -’ , ‘ n x P r s i t l -

0: ‘‘ i : . i n i , ‘ : 1 . ’ :o r ’irl., M : . T 4 ; .

The ‘ h i : c o v ‘~c’s h ~h :- ’ L ‘
~~~~~ ~ H’~l~~n-~ -~ er t a~~n !‘ ‘ :-r ’ c f ~ :

w’i s ~n ~uce  b’: n” v: :-V n r  i i c f h~ s

.oc ~ T ’ - i - ~ ~: •‘~~ : r i e f  lv  : : ~ s ” n - ~ ‘b r ’  b a s : c  :ea and

~r ’r 5  •:~~ :eL :n ~~‘ .‘ I: :h 0: - t n o r  *
V
~~~~_ h ’ r ’n s : -- r . i L

‘-‘ i r :—~~~~r’ .~~ f - r  •
n~~

• V ; ’ ~ r -resr’n ’t ;- ~n.
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“Multivar~ ate Autoregressive Processes for Images. ” R.

K a s h v a j - , Schoo l of Electrical Engineering , Purdue Univers~~t ,

West .a:ayette , IN 4~~9OT .

Images can be aescribed either by mult~ ’.’ariate autoreqress~ ve

:-r ~cesses or multid imens ional autoregressive processes . n

this :aicr , we wiL l J~ scuss the cho~ ce )t nult~ variate models

:mages. We -~- i l  ~CV C i O O  -i m~~n~~n~~~ eiror Bayes dec~ s:on

.1.’ : t choos~ u~ ‘he bc:~t nc h•L r the ;:ven ~maoe. We w ill

a Lso  i _ -:uss ¶ :. e  a d v a n t a: es  : :-.e ‘n:l’ i’.-t ~~i a t t ’  n c d e l  - ‘-‘er t h e

:‘rensic :.aL no tel .

- ‘  
~~~~~~~~~~~~ P: -cesses -

~~ : .-‘:; ‘:- :.‘- :n- : : ..i:•’

P .  . ..  Y i s h y i : . V - : n -V : - T C f  E L e - : r :  fl -i L E n - ~ .n. ’e: : ‘ic , ~
V V .t

1 n . V .. e r s i t , V , ~•‘c l . a f- t - - . ’t t e , :‘; 4—~ •; .

~ ‘-..-i ;e •- a ’-v .- C ’. se- :  c u rv e  w :thout knc~ s

- • ‘ shown 0 e :-: i’ -ni L e n t t o  i - : : - e — C ~~n en s  ~~~V : n a l  t i me  series

t b” : -un-Lt ~~v r cu~~ve . The  tine series can be

:0 :  : “ - ~~e:- Vt e  I L v i - : ar i ~’ v -  s’ ~cn-ist~ c rr cesses such as -:n~ —

: . :“  S S ’.’.’i’ * - 
~o::Jes , I - . at~’ra :t-cr.’ ress~ ve

:- r ’~oess” s , seasonal au t o r e  ;res:~ -~ s , Fourier series mr d e l  s , e t c .

1 ~ 3 r ’ S : a n  .iz t: r -)ach , we show how to  choose the apçrot~ri-

1’ o t v  of g - ’ ’: Vi S ~~~i C  process and the parameters of the sto-

r~ coc~i which w:.L f:’ the g.veri :na~ e boundaries.

~e - i %  ~ n~~::i t o -, t h e  ; tt e ’ i  ~ u~~el can :e used in c assi—

~ L e n s .
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“ Pictorial Feature Extraction and Recognition v i a  :ma~ e

Modelling.” Julius T. Tou , Center for Informat:on Research ,

2n~ ’.’ersitv of Flo r i- ia , a~ nesvi1le , FL 32 611.

This paper presents some irproaches to  image me - :eIl~~n-; or

n~ ctor:al feature extraction and recognition wh~~ch we h a . - .’

deve  b r ed  dur :n-; the past severa~. years. ne -
~~~~ the mao

automated nict:rial .tttern r eco~~n i t ~ is t .--

reduce textu:-a l :na~ e ~~~n :Ormat1VOn :r  maci:ne inr lementat~~on

a n d  interpretat ion. n an a t t e m pt  t o  solve this problem , we

nave taken two approaches : the ~tatist :cal approach and the

s t r u c t u r a l  a r t r o ac h .  L~nde r  the s t a t~~s t : c a l  .urro-ton , we :ntr -- —

~u ceC  a t w o —  l : n e n s : or . aL  s t a t : s t : c a b  mode L w h : c h  i s  expressed

the form o :  i r e c u r : 3~~- .’o i ; -:- r i f u n  :n t e rm s  - f  ~a t a  p oi nt s

inC ..h~~t e  no~~:;c. ~‘ n C e :  t he  s t :u c t - ; : i, a r rr o a ch , we h a r t c t t ~r —

: . :e : a t e x t . r  i L  :~~~ V a ; e  ‘: t e , . : : , :. .V . t ues  i n C  e: :en’. e ct or s  0:

~~ts  z r i - 1 : e n t  :~~:;t r : : - -u t :  - ri V .a ~~~- i x , and  we -u s: :e’ e~~ :e -i the

r:xe L cc” :r .i~ ~:roa:h t .  no~ ell:n : t e x t u ra l  : n a ce s .  n t h i s

i: ~~~ , . ‘ nap e in •‘x :- s tar’: esentat - o: some of th e
c c  r es ma- ~e n-c-d c’ I l  ~ n-: Vd b : :h V~ ha’’e  ~e’-’~ I or cC

- - V -
~~~~~~~

-- -  V-  ------ - -
~~~~~
---

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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‘Th e  Boolean Mode l an . : Its Der~ ’.~at~ ves.” Jean Serra ,

~e ~~ rpholoqie Mathemati -~ue , 35 rue .a~ nt-Honoré ,

~~3O5 , Font air.e~~leau , France.

.‘e propose to present toe ma:n theorems wb:ch - ;c’.’ern ranu jm

set t:.eory O:
V st.dyin~ ~ne part icular r an d o m  set , name Ly t h e

li , o L e a n .  m L - : e l .  A f t er f e : : n i n ;  the Boolean model X (union - f

s~ su :elc ::r iuac t  : t n d~~Vun sets center .’: a t  1 :sson. p o : n t s

.r. R t ”
~~ , t o e  ~~: o b a u : L . t ’.’ (B) ‘:-. a t  a :~ ‘.‘~ r. c n - r a c t  set

x :s :aI~ : l a t e d . ‘. v,V~~ : a .  L.i-~s are :eri’.’ed from _ (B) h:o’.’ar:ar,ce,

toe  f . r i t  con t a c t , spec:f~~c na~ ter s , e t c . ) .  ~e then . ~o

oac k t o e  oas:c t u ~~ ’: “ t i c a l  r r o L - L e m s  r a : se - u  by s-~cn  an a p p r o a c h :
- — .~~.a ’ are tOe  m or o f i o : i n i l ma:~~ing s wh : 

. t r a n s f o rm  one

: in -u n- set : nt - a  inotue : ?

— — v . h a  piCc o. O :o: —. i  t :Or i t . ’  s- .: : :c _ er . t t- : - ‘har-i’te ~

i r i n : ; n  5 e t

— — . ~ha is t o e  -~ene :~~ exrress~ or. :or ~ n- :e :  :n:te y ~:v:s:L e

run ~~-m sets? Answers ire iive:. ;s:n-~ . Matoeron u n - i  .

I- i ue .as u-a: • 0: ‘ :0  u - er ~e su~~w Onw 3oc lean s e s  nay

: r ’  - an .  ~~~e I :r. v:ew o: c r . s r  .n; n- ’ - r ’’ s’- : tV~~~ 5~~ 
- 

u ’- e - :  ~noIeL s

( esse lat:ons , n-: u~iseC sets , o :e :ir*: V lca ;.‘s , ec.).

: .X i n ..  . ‘-‘S ire
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~n the Noise in maqes Produced by ~oxnputed Tomography .”

;ao~~r T . Herma n , Medical Image Processing Group , Department

of d~~mput er ~c~~ence. State University of New York at Buffalo ,

A ,mnerst, NY I 4~~~~

Radiation. passing thr u~ h the human bOd y is attenuated .
The nature -ot the s!: .ctures the :V a d i it ia n  has passed through

is :n:::ate: uc to . - • t~~ I a t t e n u a t~~~ n. at the radiation betweer.

:t s su.irce an t  :‘s ~ o : nt  at Ietect. i on.. - ‘~ mruted tomography is

a : e - ’~ ’u t  : nv e nt :  n ø h : c h  ba~ revol utiar ..~~e--I diag nostic rad~ olo~ y.
- m: - : t e : s  are  .~SO-~ to caLcu late the attenuat:on. at individual

points :n.s.:e the body trom a V t o L l e c t . V : n Of t o - a l  attenuations

~i L a n ; . ’ n u n-a er  at  lin e s ( t h i s  :r :c es s  .s called recor .—

- ‘ : ~~
t
~~ on a n - I  to  t . sp ’. a - .- the : n t .’ : na l str :ctures of the body

• u _ s  . n :  : n - u t  ~on .

:n. ‘ :‘ .s a; e:  we  . . ic - : ss  t o e  na ’ :r ~’ o no.se m a - :”  : r

r y  -~~ e~~~~- n -  :: i: u . N o m se :s i- .en.  i n  :ts  mos t  -~en e r a L
s en se :  a n . - ” - i - n .  :r on  • V ” ‘tr .e’ : n-i - : e  ~s c o n s :  lered n.c:se.

Th e  u -; : ~~~i .  .: ces o: no : se  .n  ‘ n . ’ e :  ~ n-- - : : i : h :  a re  -cnn—
i n :  • .~e : r  e f  fec’~ ~n t u e  .n a : ’  s r - .~~ce: ir e i l l u s t r a t e d .

Tb .’ — a~ n e ma . 
- . ‘ % ic- :~~~ - ‘ ..-. ‘n n o .  • :.e tata and

ic-i ‘ u’ :.’ ’ n i ’ : . - ’ . :s : : vor .  : a : a r t : c i l a: L .  :- :~~~La:

r c : :n s : :-:~~ 
- . ‘ u  • : .  To-v t.: : :e ~s - ‘  s~~;Vpress :on i n .  0cn -—

‘- .a ;e s  - a : ”
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“Nonstationary Statistical Image Models.” B. R. Hunt ,

Syst~~ns Engineering Department and Optical Sciences Center ,

Uni versity of Arizona, Tucson , AZ 85721.

Common statistical image mode s , e .-~., those used in

restoration and bandwidth compression , use the assumption of
statian.ar :ty. Images of interest never possess statistica l

spatial stationar :-tv , however, and a m a - o r  effort is warranted

:n research to overcome the assumption of stationarity in a

manner wnich is computatiortallc tractable. This is the topic

we consider in this paper. in p ar t :cu lar , we cons ider  the
potential for methods which transform a nonstat ionary image

:r.to one w it h  stat:-onary properties, processmn~ by s t a tio n a r y
methods , and :nv erse transformation back to a nonstationarv

:ramewor k .  :n.-~ :-c : t  i n .  such a concept is the measurement and
: h a r a ct e r : z a t : o n .  of  n o r . s t a t : i c -i a r :t ~’ m n  -an icna~~e. We ~ m ce  an .
examr:le of one such modeL base upo n a o c n s t a t m - o r . a r y  mean an1
snow :ts a : L i : at : a n ..

L V - -  _ _ _ _  - - - -
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“A Stochastic Texture Field Model.’ William K. Pratt ,

Compression Labs, Inc., C~.pertino , CA 95014 . and O1:v ier D.

Faugeras , I.R.I.A., ..e Chesnay, France .

A stochastic texture tield model has been developed -as an

ai I in  formulating and evaluating texture feature extraction

methods. The model consists of an independent random t:eld

that is  spatially c o r r el a t e -I  b y a s p a t m a l  operator to produce

a texture :m elJ possessmna controlled statiat~~cs.

‘.‘i s-ual perc eptmon experiments are rr’-’sented that serve to

tef:ne necessary and sutf:c:ent statistical texture descr :ptors.

Texture feature extr ct:on methods based on the stochastic mood

a re  :ntroduced and eva~.uated.

;—Cr”s e I •~-ive ~ :.‘Ls , ” 9r~~ce . v-. a - -nt e r , ;enera L E l e c t r : - c

a:. - 
• r. 0. Box .5°), a~ na  ~~~~~~~~ F: 3:~’l5.

Th:s :a:cr e VI— .nes ‘i.- n - ; - ’ :” s t e - f  wa.’e mo tels . 1 . r i i .

a I :  na. rc-le is r~~:.,’wo : .  . - ,ased upo n. s-urns V a

lar~ e n umbe r of  5 . n .~~~~ V; .:s. u- a s : . n :  an ~ : : a t : ns ocean—
- :: a t h v , • .~~~

- :  ~~~ a n t  .- some e x t e n t  a l s o . - ’- : m a;e  analys:s.

Then , a new — :.‘ ~~ :s rr~~;” - I. ;ses :; cn s ot  n :ee ~:

‘ew o r  b : n i - - : re s~~c I n-a : r w b a r d  n u i s”  waveforms. :t :s i .-’~~ ’ n-e

spe~~:: . : a .  for no - . r ;  se o: in -a r e ana ly:;:s an  I syn he sms .

Res .lts -~~~~ exper :mer . in  u .~ c c n - p u er i~’n er - a t :n of textures

ar c  ‘-r esc’~~ ” ~~. T h : s  ~s he : r s  e x t - ; r n  mc ie ’~ t -  be :n~ ~ -

at t w i n . , in  a :-e a — t  i~~. v— a r ”  :.- ‘ner a t :  r. sys’- er .
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Gcneralizat:an of Image Processing sod Modeling Concepts to
Po vqona~. ~eoqraphical Data Sets,” Waldo R. Tobler , Depart-
merit of ;eooraphy , yn:vers :tv of Cal:~~ornia , Santa Bar bara ,
IA ~~‘ 113.

The ~eo~~ra;-:n :cal fistribution of phenomena (e.g., the
:ncidence rate ot heart disease or -of cancer in the United

:-tates) ‘an. be considered to be a two-dimensional image , to

~.o i v :  ~cn ’.- e n t : o n a  :ma~ e processmng techniques may be applied.
n.e of t:e I:::::ulties of working :n this area is that the

tat~ - n t e r. come packaged i n  :rregular spatial unmts (countmes.
‘0 n.S~~5 tracts , ~ch a c L I ’.stricts , ~ool:ce precincts , etc,) w :th  

4
:u r.tLle and spat:a Llv ~an.:sctr-ov:c , non—homogeneous , resolution.

x an-. : .‘s of e ‘un: rues :or :- r  ocess  : : - ;  su ch  icn~~oe5 a re  ~lemon—
I. : so vss: n. :s r .~s e n t o O  of a;~~ r c a c he s  to  probler-is

0: c: : , ; — s :  .‘ t :a .  a : i . -  3:5 a: ,e  : to n -u lt:u e ~ec-:ra~~hica .

~‘r~ es assemb ed u s n ~ h f  for .-nt s:- .at :  i i  a a ar . ’o a t :o r .s , and

• : ‘he  t o :  n.~~V ’ I . t m - ~n ot such assem~~L a - : e s .

_ -
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‘F~ nding Structure in Co-occurrence Matrices for Texture

Analysis.’ Steven W. Zucker and Demetri Terzopoulos , Computer

.‘i sion and rap hmc s Laboratory , Department of Electr ical

Engineering , McGill University, Montreal , Quebec , Canada.

- o-occurrence matrices are a popular representation for the

tex ture in images. They contain a count of the number of times

that a -;iven feature (e.;., a i iven gray level) occurs in a

partic ular spat:ai relation to another ~ iven feature. However ,

because O the Lar -r e num ber of spatial relations that are r-os—

s:b e w:thmn an :n-a —~e , heurmst :c or interactive techniques

have usuall’c been em p l oy e d  to select the reL atmon to use for

•‘ach prob .ern.. this paper we present a stat :stical approach

to  fmn d in q those spatial (or other) rela~~icns that best capture

the ‘.tructure ot textures when the co-occurrence matrix repre-

seotatmor. is -.:sed . ‘bese n-atr:ces should thus be well suited

for ~~scriminations that are structur ally based .

H 

_
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‘II!

‘A Survey of Geometrical Probability in the Plane.’ Roger E.
Miles , Australian National University, Canberra , A. C. T.

2600 , Australia.

In this paper , I shall attempt to isolate key elements and

themes of planar geometrical probability , both within a

bounded region and over the whole plane , at a suitable level

:or ‘outsiders of mathematical maturity ” . Emphasis will be

gi’.’en to possible statistica l models for planar phenomena of

a random character.

“ M o - s a : - :  Models for Texture. ’ Narendra Ahu)a, Computer .~c :er ice

~.‘n t er , ‘ n~~v e r s:t v  ot  Maryland , Col e-:e Park , MD 2T742.

This paper deals with a class of :ma~ e models based on
random ;eon-etric processes. Theoret::al .ar-.d en--r:rical results

- n. proper~~:es o t  ~atterns renerated :sv-.: these models are

sumrna r~ zed . These properties can he ~s e t  as a:-hs :n fitting

tne mode .s to - : m a o es .

“Detecting ~:es ~n T o :< t u r ’~~. ” L a m ’.- S.  a v : s , 0n-artm ent of

:n- :-uter ~c:.’nce , ~ n:.V.ersi t. of Texas, Aust:n , TX ~~~~l 2 .

. - -r-” recent ~escr:n-ti’V’e n-odd s f-o r t ex ture analysis are

n th° spat:al d :str :hut :-on of edges :n the texture.

Their success :s tfius -closely L:nked w it h the reliab :litv w:th

wh:ch e~I:es can he detected in  textures. This naDer discusses

th .’ detect :on - f “t- :es , V
~~S v - .; a s :n-nle class of etoc detectors ,

in ‘-°x t - :r °s  descr:~ e--I by f - Vo m m a l  :n-a-re modeLs such as the

Poisson mo del , o c cu p an c y model , e c .  Exper :n-erital results

are also re:’orte-t.

- - -

~

-- ~~- - - - -
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“Statistical Models f o r  the Image Restoration Problem.”

B. R. Frieden , 3pt~~cal Science Center , University of Arizona ,

Tucson , AZ d5T 2 1 .

I’.’er the past ten years progress has been made on the

restor ing problem by means of modeling the unknown optical

ob :ects o(x) as a statistical entity . I n  radio astronomy , e. - .,

the ob:ect  :s the i-~:ur~ cr transform of the d a ta , an d so m ay

ne thou;ht -o: as a power spectrum . Spec:al methods exist tor

est~ mat~~o-V~ power spec tra , e.— . Bur~~’s~ maximum entropy (M.E.)

an: roach , w h : c h  supposes t he  best estimate to be the most

ranion - one and hence ‘-n.e’ on e h a v~~o-~ max :n-um entr-o n v ,
‘ Ix o ;  o (x~

toe ‘i:oct is ingte~~- h  moiele-I as an ~r.kn.cwn urobab:litv

u n-os i t  :- ;r .  : or  : n . d i v :  duaL rhotons , other restor :nr metoods

ar :se , ienend:n.~ urocri the norm adopted. P o t  exanrlc , the

n-ax : — ‘ : • : eL ~~hood norm ~s used , t .n~ s leads t-. a m a x i mum

.‘ r . r r- :n- .  a ’ V;orit :.n- ot tb. type  — d x  o (x) b c  0 ( x )  — max:mur-

(:vnn-are wi t h Bur r ’ s aL~ or:tnm above) .

These r.ax:r- - .n e n t r o p y  methods nave t:-.c v:rtue of repuir:rcr
t : e  - ‘st:n -ates oCx ) t o  o~ oy a h~~s:c-a . Law , toe second law of

‘oer mod yr.amics. This bi w afte r al L represents a :o-r : v-for—

n - a t :  ri :t o(x) ant a L l  a my : :nf jrn-at :or ~ :;• • to be

~ n~~”c te . l  0t :- an .  est  : n-a t e
dcn-e controversy e x :st r ’~ u n t i l  recently ~~~~~~~~~ wh:ch fern-

t h e  n - a x : n - - i n -  e n t r  ~t ’;~ law . Puro ’s a r - ~.’e — o r r :eden ’ s above ,

was t: - e or r o t 
one - use or -. ~he b V i S i S  -o f : u an tu m  or-t IC S .

Y : V : ;ch:  a o l  5 o f fe r  un- d , :n f a : t , t O a t  :n one l~ m :t Bur- o ’S

2 s  :o:-r e Ct , a n :  :n i n o t n c o r r : V ic, t e n ’ s :5 :nrrect.

~f f- :r ’ncr :nformat: on :5 rr ”sent ab ou t o(x) , alterat ion s
- the M .~~. alr or : tnn - -arise. For examp le , :f :t is know that

a ~ o x )  ~ b , w:t~
-. a , h v-,cwn., ‘h” n-ax :n-urr—l:kelihoo -t norm

to an. a b

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- — V ~~~~~~~~~~~~~~~~ --- ---—-- --- - - 
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- ‘ dx ~o(x)—aj log (0(x)-a) - dx (~~-o (x) Loq ~b—o (x) ) = maximum .

R e c e n t ly , we have sought  an e s t i m a t e  of o ( x )  based or  the

principle of maximum Shannon informat :on. Since 0 (x) and its

:ma~ e iC . ’) may be regarded as probabi bi t ’: .tws or. positions x

and  ‘
~
‘ for a :ohoton , the :nformat~ un t h r o u i rh n u t  f r o m  ob~ ect

to :ma~ e may be con-ruted . We wondered what object o (x) would

max~ m~ ze this in :ormat~~or- throuthput, over the class of ob ects

that satio :v the :n-aoe hata as constraints. Th :s  new norm has

Led to sc-me :riterest :n.; re su lts , ~an d we shaLl compare res~ - r —

a r - : o n . s  or. t h :s  bas is  w i t h . c o r r e s n o n d m n . :  :r.es - i s m n o  m a x I n - u n - -

e nt  t v -v  and leas t  s :u are s .

P e t

P .  ~3 - u r ; ,  ~~~~~~~~~~ , .n . t : -or~v s: e c tr a l  analv s :s , ” ::res’’n. teo

at nc 3~~th ~- e o  : n - ~ of t o.-’ Soc. o f  Exp lo rat: ri -~ec-phvsm::sts ,

I ahoma : -: , k La :i -on -a • 19 ‘

3. P~ F r : . ’ :cn , “ P e s t o r : o- :  w I t h  m a x i r ’ u m  L : . , e L . : oc i ar - V t n-ax:n--un-

en t : :- , ~~~. ~ r .  •-~oc. ~Ir-er. , 6., p : . 5 L— 5 l: ~i 

: and ~~~ . So: f.’- , ~M a s : : : :r, o n t r  c :  •
‘— - i  ~e r c s t ; r - a t ~~-:r. .

Tb.’ en ro: -- . e’.: : ss: n ,” ~~~~. ~~~. Soc. ‘- n . y .  • , : t . . Lt - T~~—

L 6 5  (ll ”’

43, R. F: :cien , ‘5’ at: s’ aL est:mates : - vi :e- :  t j O - I l

~c~~nes  : -: t:ie n-ct :~o t  - :  : r : r ny :  a: i :t : es , ” EEE Trans.

- n Theor:’ ~~~~~~ nr . L L ~~_ L l a (I a ’)) 

-
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“ A Face t  Model f- o r In-ace Pa~-j . ” Rc~b c:t ‘f .  ~aralick , Pe:.~rt-

n-co t o f  Computer Sc :ence , ‘.‘:r ; : n :-a  PoLvtechn.~ c f~S t 1 t u t ~~ ,

Blackor ur : , ‘.‘A ~406l.

\ b s t : t ct  riot a’.- -a:lable)

“St~~:na:v : ‘  :n. - ;e M O d e l S  V ‘ -
~~~~ ‘ :

-
t - : :v: -anucn - Tessel P a t :  -s

‘he P L a n.e . — 
. . ~ c -  ~e:; ‘ - - , P.. ~ . F::ei; • ari d A . ,. ‘. : :ke r

P L.-: t r : ca L and 5:’s ‘ ‘-‘ n- . ’ I r i” ‘ ‘ : : n :~~ -nc r-c , “no oe at— :

P0’, ., V :  
~V s  m~~~ . Tr v , ‘ Y  12’.Bl.

-\ t~~- ”: .. S of ‘ w - - — ~v-ens, ‘ a L  r - t : -  : : :c :s ~s

:Iesc: ii . ’ : - ... i- i ch ~: . e :. ‘r - ’ ’ :  a ’ ’ ~ v : a i ~~- n  ~ess.~~~ ~t :Oos  0:
• ::e p 1 ale . The : “- V ~; V -~~~ P at .  a - e  I : ;  • .mri ; ene:at—c

:~~ n-ar.ied porn : : -~~-~ s~ - ‘-‘s cvo b’::nr acco: l i ~~~ a ~~ a’ iaL

n a :  an-e ’r, ~:oa - Lc~.’.-’ P; a : ’  ass: :‘~ “ :  w :  u : : .  eL j —” n.’ ar: dm s—

~
o_ rv r - ’ : :- o n s  :.— - - .- ‘. i . -’ . y- n~ - esseb a :v-is t - - ha’-’e -; e c : —

f : e : V :
~~~~~C~~~~~1

S : V V~~
V V

~~~ :‘ies .i~~ :: a’: be’’~~1s 5n C ut::~ c---us
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toe :c : i o n . s  i~~~. Then this process is pe r~ orn-ed - -- ‘:er the

~h o le  ;:cture. The result ~s a set ot regions S., S ,,...S

wh:c:- ~a : • ’ u n : :o r m ” and  a req i - r. S where no d e c i s i o ns  were
poss:ble. A l s O  a set o~ the means m 1, ~~~~~~~~~~~~~~~~~ and an.
,~‘sy r u t t e  ~ : toe  v arm a n . c e  ‘ (or  o t h e r  s t a’ij s t i cs )  a r e  kr . cwr ,,

Th:s en.a~~les a aecor.c pass over the pI ct u re where luLsets of

~ a t . ’  t e st ed  as t o  w h e t n . e r  t n e v  have one o: the n -c -lOs

-~~~, m , ,.., -‘-.~~~~. ‘I.s aLPow :; the ;:owth ~f t he re--;:on.s 
~‘, ‘ ‘~~~~~~~ ‘

a n t  ~~~‘ :css:rl.’ -c r e a t  m o n .  of niew :- .~- ; l - v:S 
~: —  :~

:“ nt -’: a l , ‘: “ w~~l L  st:~~ be a : ‘ - : : - c n  S ‘ where no decmsm on can

n.e made , a:o : w:oc:  n-c st  a t  tb , ed :.‘s -t:v : :. : reaions wcu Pt

l:e. : iii  :; . : ; “ v . ’ : that e : :.‘s he ::.~ : - l i c e - :  by ~nterp-c Lat :cn.

• c ,  ~u n . l r I e S  o: • : V ~~~ a 1 : e a - i y  f o u n t  : ,- ‘ - ; ,  u s .  The
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n . - -  .a s’ a i t  :ca l a n a L - .’:; ‘ s w O e r e  one :ao e s ti ma t e  an .

: :oc” ’ a , : t - .- : .’ i ’ ’.. - — -:a’, ni Of :.‘ .— - l ;es a~~~a tunct.v - ’•O ~
• ‘‘ ii: :’ ’: • ‘n - ’e ::; hc Far - an. e: s ;f  ;e : o e :a  : r . - :  :1 c’’ss. For
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of the n.est edge estimate is made , the result is unreli abic

because o~ the smallness ot  the region. This ofters a theo-

retical explanation ot the practical observation that sophis-

ticated edge :etectors (c.;. Hueckel’s Jo not give
s:~; n m t : c a r . t i y  b e t t e r  r e s u l t s  than s imp ler ones .

(b~ ke- ; :or .  ~rowmng techniques or their generaimzatxon s
- [1 ,4 5~( e .  . toe s: lmt— a0 .:—n-er - ;e alccrithm ) should not :n.s:st

on : rc:n~j a dec :sm n over ali. parts of tIe picture but

v-s tea~I should Iea’.’e U O I a b e I CV VI re-~ :~.‘-r.s. 10 the n a st  th :s

insistence :aas resulted :n the ;enerat~ on. of nwnerous Thnoall

r e i i o n s  a nd  the need ~or them: subsequent elin:nat:cr. by

::eur:St:c tecIlni ~OeS LI) ,
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:n-~ .:e Models in  P a t t e r n  -:‘h e o r y .  - Donald E. McClure , ~ i’~’i sion

-: \p n.I:~~d Mathemat:cs , Brown P r . : v e rs i t y ,  Provm dence , Ri O~~9 l ,

The :attern t Oe : v de’.’e I-c e’d by - r e n an . 5 :er  n .r o v  :oes a

:n::~~eJ f r am e w o r k  th e  Jescr :~.t m c n .  of observed  :n-a.:es i f l

terms of a -;ebraic ~n.d probab :I:st:c processes that generate

the In-a-rca . The :‘o a :n e en-e r .t s  -c~ t h e  -rener al thee: ’.’ w:ll be

1 v-c I a n t  sr-cc:: :n-a-,e m - --tels -~- : L  1e r e P a t e d  to  t h e

ren . ’ :  ~a thee: v . Recent : esol’ s n. randon- : :elds, stemm inc

f r - n -  work st :n-u ate i toy : r c- to ems o: ~mot -~e a u a L v s ~~s , w i l l  be

t e s c r~~n . e o  w : v - : n  t o e  con tex t  of attern theory.

“S - ‘ h  a - ’ :0 ~ -o - u 0 : a r v  P a t  I:’ a - on.  -ari d to ‘ ec Peco~- :n :t : o n . ”
B .  :1-an-c : , ~:‘::s: no n.;:r-.ecr:n.o , Br -.n. ‘ r.:~.e:s:t v , 

: e n :”  , ~: 0 ‘ L ,

F .%e -a- i IL :csvnt a :kel:f-~~- .1 n ax : n .  ,~~ay  :o j - 1 r n - - : ’ , 1 t~ ~n.

o 
~~ ~~~~~°

_

~~ es~~~~ a~~~ 

n-c te L ~ ~ I 1. 1 .‘ -cc os I c y  e I , n-cs t of te ta: s w 1 Il

n.e f : ~n :e : -.‘:no b-’,’:: ~~~~~“ - ~~ a nd  ::- a -ok . ;r o ’ -un - t  aces which . a:”

of c : r is ’ -ar. t to -u t di. f~~e r e n t  : : a v  c’.’e s,  B L c t o  I c - ; r d a r m e s  a r e

I e ” t  a s  ~-; c h - a :-.t:c processes.  We sh ow u -ow stachast :c
— i ” l : r c  an I the is.’ :~ cc - st  f - . in ct :  ~os rea ’~i:ed as l~ ke lm—

i :r.~~~.Ons :“ v - i  an.al’,’y’-al quan.t:ta’~~ve :o’:”st:~~at:on O~
-- a n.’ .o-.: - rta r .t mat’.’::; such as  r - o u n J a r ’,~ e s t: n at : : r .  e r r o r

anal :c :s , :-c~~i :o- .n-: •t .atv-n.al s~ouemes ( s e o ~u e n t : a l , :-ar - allcl , etc .)

~~~r n- c ir.:a:- est :n- . a t : - n . , -a r. I others. .hore mater :al w ill be

p :  e s e n t e~ on. a S t - - ch . a s t : c  t r e a t~~c nt  of texture arid on

I an- . ’ ’ . ’ a ’ ,  ‘o n s :  t e r a t :  ‘os i n  the ::r’b•ato :~~~ ;t:c n V c- i e l l i r i~~r of

i.o 

--~~~~~~~~~~~~~~~~
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Compara tive Analysis of P :n . e -Z r a w : n --; Modell nq ochemes.”

Her ber t Freema n , ep ar t~1aen t of Electrical and Systems
Eucineering , RenasePier Poll-technic institute , Tr o y ,  ~~~

“ 2~~~I ,

The computer processing - ‘:  Itne drawings necessar il y
rio : •:res that the ::n .e  d r a w i o c s  n.e coded sucO that all n o - r c a

Ot toe  :raw:n.;, : n . c l-u d : n - ;  tOese -
~~~~~ all -: r - .p c r . e r .  se-rn-en ’s ,

I .e a :: : 1 . The ;: : iC square , r”ctar~-oular , L -. - ; - i : :t hm :c ,

e’.- .’n. :u:’.’ i~~~~~~n .ea :  . The c omp onent s.-’ :m.’:.ts ma’.’ be str.3~ nut

c u r ’ - .’ : . F: :  some :ot :n~ schem es , su c h  as toe ~en.era I: zeu

:ha:n ‘-o le :r ‘n.e a: a LL c — s- :an~ :0cc , tOe ; r :  : .5 e x n l i c i t ;

o:.”:-; , s r - -h -a s ‘cc p o P : n a l , S p I : : ’ - . or Fuur:er se :i e s
‘ ‘ .‘ : - t : ” :  ~ :1L c:~~’:- i - . .‘~: ar - i .—,e :.-

a i : -. t s  :n;  O a C :  t o -.’ ‘fo e :r . : ;v in , ’ ’ : ’: a:. : ‘ on- : .a: ~
--‘a:: rs ::-I:n.; ;c:oem,’s .n. t e : .’- :. f ease :1 .‘nic-:d~~n.- : . - -n-- u -a t r .~~ss

o• s t :  a-;” , - 
: ‘ -  ‘ s:an , - :-o n . .’:; s , ~ac :l_ ’y , : : : -  - -ess ,:. : ,

a : . : ~~n •’eoien -e : - r  - isp.a’:.

- : - - - r -  • ac ” : — I’.’ , e M- - 1.’ 1 :n. :o-; - n-a~ * ‘ T : ‘-‘i’ r anra a rs  —

S. F-i , 5choo l F’,.’-. r ‘ - a  Fnc: u.’.’: : o- ; , Pur c~ue I’n: ”: — :

West Pa fa n - ct e , f~ 4 4 - —
.

The n. -asi nc t of 5~:~ r a c t : = :n-.a ~~~~ n - o- i~~~~ in - .: is ic • : —

~~~~ Tree ;ra~~.ars a n t  ~ tc- - ’has .c tr”~’ -~ra~~aars ax e ~ r . .’ : j

ne’ -’ : e w e t.  The use af s t - o - - h-a s ” i C t r o c  ;ra~~ ars for : - a : . ’

mc - te~~~~~~:r.;, mo partic ular ‘~~xt :r” ‘-tellm ’ o :, :s ~:scuss~~!.

Pr-’ L v-mn,ar’= resul’ are

-V V
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::teren.ces between Attentive (Figure) and Preattentive

— ;round. Percept :on. Bela Cclesz , Bell Laboratories ,

Murray t1~~ll , ~J O’
~~”4.

a Lmost two -iecade~ this autho r and h : s  co-workers
sca:-coed f—o r texture pairs with :~~entxcal second—order statis— —

tv-s (:.e•. w i t h  :Jenti-:al aortccorrelat:-ar . functions , hence

:dentv-a cower sr-ectra- . :n. toe ~reat ma or :t - .- or cases
i u c : i  tex u:e : a r s  :cu~~: not be e~~fortlessI-: ciscra.rna :r,atei

when n. ::ef y presented to prevent scrut:r.y). although the

:nd:’:~ Jua texture .‘Iemen.t luals are struncly liscx-v-:nable.

The latter corresponds to  attent:ve (f:c-;re) nerception where

v-t’ :-oase (p o s i t :  on. ,a spectra are cru cial , wromle :n preatten—

:‘ ,‘e (text’:re :‘.?r:exo t i O n ,  the :has” - ~~ si t:o-n.) s:-ectra ‘~sua I ly
a :.’ :n - :’ ? :. ~cc.’n t y ,  s -one  examples were f : un . . t  f o r  wh:ch

~S- —- .- - wer— spec r.a tex t-u :.? trai rs c o -u I :  n.e i~ sc: :r’~ n.ated L as e r

on some I :~a1 -nI: :oe.a : e.atu :eS - f :cLlv-ear:ty, closure ,

‘-)r .ne--’ ~‘•‘~~to . :r ariu L a: i ’ :, e t c .  These c cn . sp :c -u cu s  features

:an be Ies:r::e.I to y two “ : er -eu tua . : ;.a:ks ” : elcn.-;ated io~~oLs

(0 , ;,. n.aro ; a n t  line seqments and toei: terin :nators . The

i -r c a ’ • . ‘ •-
.~~ m n - c  ‘“x . r”  S~~s ’~ ”~ c t , ‘ ‘ a , ~~ a ’e~~~’ s :t i c r .  of ~~~~~~

‘“ r ’ : n a t c r s , : ;~~~ m n .  ‘ - m t  • :o. ’ ,r  -— mn . : ‘ ‘n .

R e f e r en c e s
‘ . e - .~~, B. (~~~‘-2) IPE Trans. on :m a t m  on Theory , :T—B , 84— 1 :.
- , ,‘sz , B .. P to-ert , F. f .  • . h e r - r  , P .  A., a n o  Friach , P . I..

(L ’3) i.? ‘e: ‘ : ‘n
. :Le: ,’, B. ( a n )  .~~~I ’~n . t  i f i —: A m e r : - : . m n. .132 . f- : . 4 , 34— 43 , A p r .
ae l:. T. , an - i :a~ .~sz , B, (I~~~~) 3.~ I .  --: -emn.e tmo’s ~~~~~ . f c .  3 ,

~~~~~~~~
aeLL: , T. , - m _ esz , n- , , ‘ ao l  i I b c ’r t , E .  \ . (lv-~~) B v - l .

. -~‘bernetm:s P~, 
‘
~~-o . 4, 2 ’ , — 4.

., :‘~.sz , B., :LIert , F , ‘ . • an- i  ‘.‘~ -ctnr , J. 0. (~~~~ ) Riol.

‘ .b~ rne ti -:s i ’ , , , 3, l 3 —l 4 ’-I .

rl o s z , B. ( : r i  n e s s )  T r a n s .  of ‘n.e ~cn’~- . Soc., P cn J or .
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l nt r in s ic  Surface Characteristics: A Physically Motivated
Alternative to Image Modeling .” Jay M. Tenenbauin and

Harry . Barrow , SRI Internationa l, Menlo Park , CA 94c.5,

The interpretation of three-dimensional scenes requires an

intermediate level of modeling that represents explicitly the

orientation , reflectance , ~r,stance , and other intrmnsm c charac-

ter :stics o: the sur~ ace elements visible at ever:’ point in an

image. such physically-based features overcome the problems

o~ v ar ~~ab : l~~ty and a r t h ri u l t y  associated w i t h  stochastic image

features on which moterpretation has conventionally been

based. This paper briefly ~escribes the advantages of intrinsic

sur:-ace ‘-haracteristics i:: a conp iete ‘.‘: s :on system and then
examine s the o o mp u t a t i o r a a 1  crincipl es in” — ’.’ed in recovering

n.em :rom raw image data. The central prob lem in recove ry
m a  that v- :armatmon about  all characteristics is confounded

i n  toe  amnale brv-htness value a’ia:lable at each point in an

:na ;e. Recovery thus depends on constraints derived from
-

~~~ I.! . .; of  toe scene , the tlluminar .t, an d  t h e  mm a amn q process.
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A Workshop on Inage Mode l l ing  was held in Chicago , IL on
August 6-7, 1979 , under the joint sponsorship of NSF and the
-Office of Naval Research. Over 25 invited papers were pre-
sented on various aspects of statmstical and structural
image modelling . The Workshop proceedings will be published
in book for.i~ in 1980.
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