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S i n rv

Over the past year , our spe .~ial graphics display has been used to examine

several proper ties of texture perception. The most important result is the finding

• that most uniform textures can be simulated or “matched ” by a very small number of

variables , provided that these variables contain the bisic elemental tokens of the

disp lay.

The number of these matching variables may he as small as three , and usually

four is sufficient to produce excellent “texture metamers”. Both linear, or one—

dimensional luminance distributions and two—dimensional texture patterns are being

studied .

Addi tional work has also been completed that examined the discriminabilitv of

different n—gram statistics for random—check textures. However , this approach does

not appear to be so fruitful a method for stud y ing texture perception as the method

of “Generalized Colori metry ”, wh ich is outlined briefly in the first Section of this

report.

Our work to date indicates that the human observer is quite poor at discriminating

textures. Hence a considerable saving in communicating texture information can be

achieved through the use of texture metamers .
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I ts
Is.

- The spec ial effects graphics display used to drive two TV monitors with 440 X 440 X (4
resolu tion. The device has 64K of 18 bit refresh memory, repr ogrammable for use as
POP 11 core . The disk capac i ty Is 2.5 million words. See Appendix for complete
descript ion of svstcm.
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Experiments in Texture Perc~~t ion

I. Introduc tion

Tex ture , like color , is one of the primary properties of an object (Metzger , 1926;

K o f f k a , 1935). Yet only few studies of the texture recognition process have been made

before 1960. Since this time , two technological advances have occurred that have

perm itted visual scientists to begin to explore texture perception more fully. The

firs t Is the applica tion of Fourier methods to visual perception. (Robson , 1966;

Blakemore and Campbell , 1969) and the second is the availability of high—speed

computers. The principal advantage gained by apply ing Fourier methods to vision has

been the crea t ion of a d i m e n s i on — one of spa t ial f r e q u e n c y  — in to w h i c h  the v i s u a l

scientist can map the components of all patterns. Without this dimension , the st udy

of texture perception has been handicapped in much the same’ way color vision studies

would be imp .tired if the dimension of wavelength were not available. The second

advan ce from computer technology allows one t o  now create easily many comp lex tex tu re

patterns having well—d efined statist ical or Fourier properties. The special graphics

display takes advantage of both ‘f these advances.

The novel ty of our approach to  human texture perception is that we are concerned

onl y wi th describing textures that appear equivalent to one another. In the past .

others have concentrated on the specification of the  phy s i c a l  characteristics that

will differen tiate between all textures (See Bibliogr ap hy). In contrast . our  attempts

to describe equivalent textures are quite analogous to  the development of color science

where the primary concern is t o  identif y spectral compositions tie r appear equivalent

t o  the human observer. Such energy dis tributions that are physi call y different but

appear equivalent are called metamers. Our approach t o  texture perception is to

describe such metamers.
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II. Gener aliz ed Co b r  imet r~

Our approach to texture percept ion uses a techn ique analogous to color—

matching used so successfully in the study of color vision . “Generalized

Colorime try ” is thus an extension of color—matching to the study of other sensory

dimensions. To understand this generalized method , a review of the impor tan t

characteristics of color—matching is help f u l .

In the domain of color , a s imp lifi cation in our understand ing of wavelength

processing by man was achieved not by reports of color sensations , bu t ra ther by the

discovery of color blindnesses. The nature of these blindnesses could be characterized

by a desc r i p t ion of the number of func t ions needed 1. - characterize all equivalences

between different spectral lights (metamers). Given some simple assumptions about

the nature of the phototransduction process , these f unc t ions could then be shown to

rela te to the different cone action spectra present in the retina. More strongly,

the number of matching functions required to specify all color equivalences in the

matching situation would correspond exactly to the number of different receptor

pigments. When it was discovered that a small percentage of the population needed

only two and not the usual three functions to describe all equivalences, color

blindness could be recognized and described quantitatively in terms of a loss of

receptor function (either absence or fusion).

The important features of this approach are:

I) Wavelength was available as a suitable dimension along watch matching function s

could be measured (Equivalence d imension)

ii) Unique and “stable ” f i l ters or “channe l s” were presen t , i .e. the different

cone pigments themselves (Uniqueness property)

iii) Al ternate sets of matching functions could be derived by adding or subtracting

the members of the original set. (Additivity property).

L ~. _ _ _ _  
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N umber of Mi Ni’im. of St imuli
“ Fi lters ” to Match  “ Wh ite ’

~1~
2 ____________________________  I (un ique)

1~ ‘I,

~~~~~~~~~~~~~~~~~ 2

‘1’ ‘1’
4/ 4/

4 _________________________________ 2 (unique) 

‘

N [N/21

~~~~~~~~~~~~ Hypothetical sensitivity distribut ions of channels along a stimulus
d imension skematized by the horizontal line . The positions of narrow—band
stimuli are indicated by arrows.
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iv) Color is an intensive variable , so s p a t i a l  f a c t o r s  c o n t r i b u t e  n i n i m a l l y

( I n t e n s i v e  p r o p e r t y ) .

For the success of the  gene ra l i zed  co l o r i m e t r i c  me thod ,  a Dimens ion  f o r

c o n s t r u ct i n g  Eq u i v a len c e s  or m a t c h e s  ( 1) must be ava i labl e and ( i i )  t he sen sory

a t t r i b u t e  to be s tud ied  must have t l i t e r s  or c h a n n e l s  t h a t  samp le t h i s  d imension

U n i q u e l y .  I t  is not nece s sary  t h a t  A d d i t i v i t y  ( i i i )  ho ld  e x a c t l y  nor f o r  the

sensory  v a r i a b l e  to be I n t e n s i v e  ( i v ) ,  a l t hough the  i n t e r p r e t a t i o n  is s i m p l e r

when ( i i i )  and ( i v )  ar e  a l so  v a li d .

Given the above assumptions , tite ge ner at  ized co lo r imet  t i c  t e c h n i que proceeds

in two st e p s :  F i r s t , t ie m i n i m u m  numb er  of “ f u n c t i o n s ” necessa ry  to create an

e q u i v a l e n c e  to  .i b r o a d — b a n d  d i s t r ib u t i o n  is  dot  ormined  . ‘lb is is e q u i v a l e n t  t o

f m d  ing the minimum number of w e v e l e n ~~th s  needed to  “match ” a equivalence dimension

and the  m a t c h i n g  f u n c t i o n s  ar e  mc , i see r e d .

T u e  f i r s t  s t e p  p r o v i d e s  an est ima te  of t h e  n u m b e r  at  m a t c h i n g  f u n c t  ions t h a t

w i l l  be r e q u i r e d  to spec i f y  a l l  e q u i v . - e l e n e ’es a l o n g  t he  ch osen d i m e n s i o n . ( T h i s

e s t i m a t e  c o r r e s p o n d s  to  t he  m i n i m u m  number  of  “ch an n e l s ’ sampi  ing t h a t  d i m e n s i o n ) .

R e f e r r i n g  to  t he  top  i l lu s t ra t  ion  of F i g .  2 , t i c  sans i t  i .  i t i e s  of tw o  f i t  tarS or

‘‘ c h a n n e l s ’’ ar e  i i  l u s t r a t e d  a long  an a r b i  t r e r \ -  d i m e n s i o n  c h a r a c t e r i z e d  by a h o r i ? o n t - e i

l i n e .  A b r o a d — h a n d  s t i m ul u s  w i t h  a I l ot  d i s t r i b i e t  ion  i I ’i ig t h e  d i m e n s i o n  w o u l d

i n n e r v a t e  bo th  chaone  ls e q u a l  l y .  lb n a r r o w — h ind St  r io I us  I ‘at , 1  at t i le

m t  ( ‘r sa ’ ’t ion of t he  two s e i t a  i t  l v i  v d i st  r i h u t  i n s  ( a r r o w )  w i l l  a iso a t i v a t e  , ‘ ,i i ’Ii

el in n e t  e l l i o t I y .  H ence f o r  two f i l  t e r m , o n l y  one n a r r o w — b a n d  si iumulus is needed to

c r e a t e  an e q u i v a l e n t  sensat  ion , and t h i s  c h o i c e  is u n i que f o r  a g iven  “wh i  to ”.

For th ree  f il t e r s , two n a r r ow — b a n d  s t i m u l i  a re  s u f f i c i e n t , ~s .shown in (‘lit

next  Illustration. However, an unlimited number of pairs can be found (only two

are depic ted). This is the case for color vision . For four filters or channels.

t h e  m i n i m u m  s o l u t i o n  is s t i l l  two . b u t  t i l l s  c ho ice is un i q u e  in t ha t f o r  any g iven

broad—b and distribution , only one pair can he found . Finally, in the general case ,

-- —~~ -I,. ... -‘~~~~~~~~~~~~~~~~ T. ~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~
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f o r  N f i l ters or channels , the minimum number of narrow—band matching stimuli will

be the in teger v a l u e  of N / .~. If the solution does not require unique narrow—b and

stimuli , then the minimum numher of sensory fil ters sampling the dimension is n i t

grea ter than twice the number of matching narrow—band stimuli , less one .

These results apply regardless of tile val idity of t h e Additivity Property

( i i i ) and r egard less  if t he deg ree o f ov er l a p o f t h e  s e n s i t i v i t y  f u n c t i o n s  for the

i n d i vi d u a l  “c h a n n e l s ” ( R i c h a rd s , in p r e p a r a t i o n ) .

F o l l o w i n g  th is p r e l i m i n a r y  a n a l y s i s  we t hen proceed to  d e t e r m i n e  e m p i r i c a l ly

the m a t c h i n g  f u n c t i o n s .  In  the  past  p i l o t  e xp e r i m e n t s , these d e t e r m i n a t i o n s  have

r e q u i r e d  c o n s i d e r a b l e  t r i a l — a n d — e r r o r  searching f o r  the appropriate p r i m ar  i ’ s .

l ,wi ’ve’r . t h i s  search  is g r e a t ly  s imp l i f l e d  by f i r s t  m a k i n g  m a t c h e s  to  t i le  br oad—band

s t i m u l i  in  t he  m a n n e r  d e s c r i b e d  above so t h at  t h e - m i n i m u m  number of p r i m a r i e s  i s

known a t  the  o u t s e t .

Ti) d a t e , we have a p p l i e d  t h i s  t e c h n i q u e  t o  several sensory dimensions t h a t

i n c l u d e  f l i c k e r  ( R i c h a r d s , l~~75) , t he  o r i e n t a t i o n  of t e x t u r e  e l e m e n t s  ( R i l e y . 19 7 7 ) ,

and s p a t i a l — f r e q u e n c y  m a t c h e s .  O n l y  the  l a t t e r  r e s u l t s  w i l l  be s u m m a r i z e d  in t h i s

r e p o r t .

L. -~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~)n e—Dirn e nsi ona1 T e x t u r e s

i . )  “W h i te ”Noise Matches:  Our p r e l i m i n a r y  w h i t e  noise s t i m u l i  consis t  of up

to 220 bars that have one of 63 randomly selected gray levels. Such a noise

s t i m u l u s  may be matched by randomly dispersed bars of the same w i d t h , where t he

gray level of each bar is chosen randomly f r o m  only three f ixed gray levels. A

metameric  m a t c h  to the noise st imulus may also be ob ta ined using three suitably

chosen square—wave grat ings, each having a f r e q u e n c y  approxima tely a pr ime ra t io to

the others to prevent periodicity. Neither of these matching stimuli need to be

closely held — a range of ei ther kind of tr iplets can be used to yie ld  good

matches to the “white” noise .

Our generalized color imetry analysis would thus suggest that the perception

of textures made up of complex luminance profiles is analyzed by not more than

five “channels” or filters.

ii.) Narrow—band Matches: In fact , only  fo ur pri ma ry  var iables  are necessary to

match all one—dimensional textures degradeable into sinusoidal components. This

resul t has been repor ted prev iously by us (Richards and Polit , 1975; also see

previous annual report). To date we have collected texture—matching func t ions

from three observers over the range from 1/4 to 30 c/deg and p lan to include a t

least three more in our final report. These additional data are of interest to

ind icate the variance of the matches from one individual to the next .

L - -
~~~~~~~~~~~~~~ 
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Fi ,~~. 3 .  The g e n e r a l i z e d  c ol o r i m e t r i c  method app l ied to gray level
e n c o d i n g .  The g ray  level  of most of the  checks in t h e  p a t t e r n  have
one of 61 levels , chosen randomly . Which quadrant has only three gray
l eve l s  r ep re sen t ed?  (Cour tCsy  of M . D .  R i l e y ) .
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I V .  iw o - D i m e n s i o na l _ T e x t u r e s

‘h’wo—~ imensional textures are patterns whose luminance profile may be

d e f i n ed by

L L ( l + M  ,s ,~”V  X)  ‘ (l+M cos2 ’r V Y)I,) X X y

w h e r e  >h . M are t h e  c on tr a s t s  in thee  or t  hu g no I X ,end Y d i r e c t i o n s , and V , Vx \- x y

are  t he  spat jul frequen c ics, The sensitivit y of t he  human v i sua l  system t i  such

pat terns seen b o t h  ‘~~at i o n a ry  or m o d u l a t e d  t e m p o r a l l y  has been r epor t ed

e l sewh ere ( R ic h a r d s . 1977). This report will indic ate the progress t h a t  has been

made in charact erizing these’ patterns more simp ly from a perceptual viewpoint.

i.) “Whi kt e’ liaise m a t c h e s .  Fig. 3 shows a two dimensional texture pattern of

he 1 c
random checks with one q~~~~~~st of the pattern having only t h r e e  gray leve ls

w h il e the background has 63. (Courtesy of M. Riley). Clearl y, thr ee gray l eve ls

su f i  i c e  f o r  ,e two—d incus L oot  w h i t e — n o  i s e ’ oat ’h i , u—t as in th ee ’ - ri , ’ —d imeri~ ional c a s e ’ .

i i . )  N a r r o w — h a n d  m a t c h es.  t n t  I ke  one—d i men s i on a l  text ures , p e t  t e r n s  c o n t a i n i n g

the x.y product terms do nut lend theemselves t o  a c c e p t a b l e ’ m a t c h e s  h~’ u s i n c

on l y  four sinusoidal grating primaries . At cast five and probabl y six

primaries lire- needed if  th ie luminance profile of the primary is sinusoidal -

believe the difficulty is that at high cont rasts the two—d Loans i - n a  I products

t end  to  g e n e r a t e  checks  or s q u a r e — w a v e  p r o f  i les t h a t  c a n n o t  be c r e at  e ’ i h w i t  hi i i , l e

a few sinusoids, For high—contrast , two—dimension al checks we t h u s  p lan (in

e x a m i n i n g  s q u a r e — w a v e  p r i m a r i e s , and a l so  t r i a n g u l a r — s h a p e d  w a v e f o r m s . The

la tter may also provide satisfactory matches for one—dimensional sinusoidal

textures.

~~ 1
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V. N-Cram S ta t  i st ic s  (~‘ith S. Purk s)

This work is now repor ted e lsewhere  (Purks  and R icha rds , 1977) .  B r i e f l y ,

we descr ibe a method fo r  g e n e r a t i n g  random—dot  t e x t u r e s  t h a t  provides  s t a t i s t i c a l

con t ro l  of any a d j a c e n t  point  ( n — g r a m s ) ,  w h i l e  l e a v i ng  c o n s t a n t  the  s t a t i s t i c s

of sho r t e r  spans.  The method thus  a l lows  the  e x p e r i m e n t e r  to i s o l a t e  s t a t i s t i c s

of n—grams  of any span l e n g t h  to de te rmine  the  nature of t h e i r  i n f l u e n c e  on

t e x t u r e  d i s c r i m i n a t i o n . Var iab les  t h a t  c o n t r o l  phase are  r e l a t i v e l y  u n i m p o r t a n t .

The most s i g n i f i c a n t  va r i ab les  are c o n s t r a i n t s  imposed upon span l e n g t h s  less

than  3 t h a t  r e g u l a t e  gray  level  and s p a t i a l  f r e q u e n c y  c o n t e n t .  However , span

l e n g t h s  of 3 or g rea te r  may s t i l l  i n f l u e n c e  d i s c r i m i n a t i o n  b y a l t e r i n g  the

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

Several  oh  t h e  e x p e r i m e n t a l  p a t t e r n s  sugges t  that thee spatial frequency

v a r i a b l e  is i m p o r t a n t  in t e x t u r e  p e r c e p t i o n .  For examp le’ . t h i i ’ d i sc r  in m a t  ion of

d i f f e r e n t  4 — g r a m  si l t  i s t i c s  is s u b j e c t i v e l y  based upon the  v i s i b i l i t y  of runs , and

t h i s  d i f f e r e n c e  is enhanced  by p r o p e r l y  o r i e n t e d  b l u r r i n g  to  cau s e ’ s t r e a k i n g  and

c h  i m i n a t e  t h e  l e i g h — f  r e qu e n cy  c u t  cut  m t  r educed by t h e e ’ m d  i v i d ua l  dots.

I . .  - ---—- - . ‘ -.‘ -- ‘ - ‘
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V I  . Ste ’r e ’ops is w i t h  R, inehom ( :h ec 1(5

In  t lie ear l  v S i x t  ic ’s , .lu I esz ( 1~) h i 2 ) g e ner a t e d  r . e t id ’r ~ i t  st  c’ reogr . lms

devo id  ‘i m o n o c u l a r  ~‘i n ’ s , h ’ h i , e t  is , w h e n ~‘~ e’h St e’ri”i~~r.(a w.i~ e’i, -s-~’~I 750111Cc uha r l ‘.‘

( l e e ’  C i I ’ L e’ ( t seen in  ( l i i ’ ‘r r , - h , ( t C - , l  p e t t c r n s  was i n v i s i b i s ’ , At  t h i s  t r u , s uc h

si i mei l i we re V i e ’ ~~, s h  es .111 ,~~hv.eni ’ e’ iii s t u d ’~- i ng  b i i e o c u h , e r  v i s i o n  f i r  now ( lie

me’e-ie ,eiti sm if s ter c ’ p s i s ’ ‘ o l d  bc~ s t u t h j e c h  in  i s o l i t  ion .

~~e h i v e  t e’und , l ’S’ ( ’V , t h i .it depth p e r c e p t  ion ci i d  te ch I roe r a n d o m  dot

St  e’r i ’ogr.efl lS dc ”.’ ’ i t  it ~~~~~~~~~~~~ h e r  i , ’’c £ 5  s e v e r e l v  im p e i r e d  wh en compared  v i  t h i

s i n i 1,1 r St  c i  i ’d . i n I  t i t t  r~’v a. e h t i e  n s a  0, u h a  r c o n t o u r s  . For t r i o s  l e n t  St I n u t  i

m o n o c u l a r  c o at  iij r ,i c l’ er  ! I , ’ ’ e sS , l ry  t o  c i ii ’ i t a r a n g e - ‘ 1 , ‘j i t h  Sens l it  i ons  f o r

d i ff e ’re ’te ~ u - p . o  i t  i , ’ c , ‘- ‘~~~, ‘, e s t  in g  t i l t  m o n o c u l a r  -u i -  . ena h v s i c ;  i s  an i n t e g r a l

ci he st , r i n .  1 , 1 1 1 1  A, t , h  I t  l an a I e,s ‘rk is underway t a deterni L i i i - t h e

ro le at  t e x t O r e ’ ;in ~i I v ; ’ i n g  iI’ c h i , u l l s r ~s in sic ’ ri - i s i s ,  In part ict el.i r , d ie -s t he ’

f o u r — p r u n e r - v 1 n j  1 ,11  jon ‘a t e ’ x t u r e  S li t  lie ’s come’ before ,‘t after siereops is?

‘- 4, ‘ ..-:,.fl . ,.  ‘ ‘-

- ‘~ 1 ‘— ~~~~-~~~ - —;.- ‘
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Texture is one of the  primary properties of an object. Like color , tex ture

is a q u a l i t y  tha t  h e l p s  the  h uman observe r  t o  de ’f  i nc  and ielent ifv o b j e c t s , j e t  we

know ve ry  l i t t l e  about human texture perception. Wha t is i t s  bas i s?  110w good are

we at  i d e n t i f y i n g  t e x t u r e s ?  Are we as good as a Fourier pattern analyser? At

present , the  most i m p o r t a n t  aspect  of the  r e sea rch  sugges ts  t h a t  t e x t u r e  ana ly s i s

is performed by onl y t h r e e  or f o u r  “filters ”. For exampl e, all (one—dimensional) C

t e x t u r e s  may be comple te ly  s p e c i f ied in t e rms  of only  f o u r  p r i m a r i e s , at leas t over

the  range of focal vision . Such a s p e c i f ic a t ion  w i l l  desc r ibe  a l l  equ iva l ences

between textures that are constructed fe’om similar basis (i. e’. such as sine—wave

e’r square—wave gratings or probably even line elements). This ’s a nontrivial

a c c o m p l i s h m e n t .  In t he  domain  of co lo r  p e r c e p t i o n , if  i t  were necessary to

des cr ibe a l l  colors  in te rms  of i t s  prec ise  w a v e l e n g t h  compos i t i on , then  the

transmiSsion of chromatic information would not have become a feasible possibility.

The fac t that the human observer filters the wavelength spectrum allows us to build

economical commun i ca t ion sy st ems f o r  chr oma t ic inf orma tio n . By the same token ,

be cause thee human observer anal yses textureS on the basis of only a few filters ,

then a c onsiderable saving in the transmission of texture informat ion may be

gained . This practi cal benefit far outweighs , but in no way diminishes the

further gains that we will achieve in our understand ing of the human visual system.

~~~~~~~~~~~~~~~~~~~~~~~~~ 
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IX .  e~p ,pendix

S,~~icici1 Gra,phic s  S,ystem

C In order to generate texture patterns from their spatial frequency

(Fourier) components , we hi~ ve designed cend leave built ,i s p e c i a l  g r aph i c s  d i s p l a y .

Thi s d js 1il,e v i i  laws cia to 11c ’c eer ,et i’ a 440 x -~4i) x b it bri gh t n ess p,iltern Consist ing

oh  c o m p l e x  ( c o m p u t e r — g e n e r a t e d ) s in u s o i d s  whose c on t r a s t  may be a l t e r e d  every  20 msec.

Both the sums and p r o d u c t s  of up t i  s i x  component s  may be d i s p layed  w i t h  v a r i a b l e

cu n t  r e s t .

More spec i t ica l lv , the spu’e’ial visual display consists cr1 9 subsystems

as f o l l o w s :

1. M o n i  t ar s :  Conrac  SN ~\ 1 7 / C  ( 2 )

Monoc l tro me t e l e v i s i o n  m o n i t o r s

2 .  Opera to r  C o n t r ols :  Two chan ne l s , each with independent control of

three a incise’ ida I or o the er  component ampi  i trides and the

a(x)*a(v) pr oduct term , Control boxes ar c ’  on e x ten s i o n

cables for convenienc e lend f l e x i b i l i t y  of l o c a t i o n . A

six— channel A/I) con v e r t e r  d i g i t i z e s  t h i ~ c o n t r o l  s et t i n g s

for input to thee completer.

3. Fu~ __1a~~~~ , n,p,ti t~~r :  A d e d i c a t e d  PDP l i / h O  M i n i c o m p u t e r  is used

to monitor the operator controls and calculate a(u) aod

b( u ) func t ion tables  in acc ordance  wi t h t he opera to r

con t rol se tt ings , where

3
a(u) A

1
stn (2irf

1
u +,~ )

i~~~~l

3
b(u) — I B

t
s i n ( 2s f

i
u +*~ )

i — i

.
~~~‘ ‘— — 
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4. Vi4e~~_F~ nç,t ion Genera to rs: Two id en t i ca l  custom des igned video

genera t ors are provided to store the computed function

tables and generate a video luminance signal of the form:

LA
(X .Y) = 1 + a(x) + a ( y )  + K

A
a(x) a(y)

L
B

(X .Y) = 1 + b(x) + b ( y )  + K 8
b ( x )  b ( y )

Provis ion  is made for adding an external video signal.

5. Scan Genera to r :  A custom designed digita l scan generator generates

ras tor coo r d i n a tes , syn chr on i z i ng s i g n a l s  and con tro l

signals.

6. Vldeo R e fr e s h Sj s tem:  A custom—designed video refresh system is

provided to allow an arbitrary two—dimensional pattern

to be added to  the  t e x t u r e  d i s p l a y . The r e f r esh sys t em

emp loys a standard core memory of 32 , 768 t h i r t y — s i x  b i t

words and can store 196,608 pic ture elements (pixels)

wi th 6 bit (64 level) gray scale.

The EMM Micr omemory 3000 series has been used for tine

core  memory .  Four 3000DD (16K x 18 b i t )  c a r d s  a re

mounted  in a 5 1/4” high chassIs together with a control

and video output card , power supply and cooling fans.

Tl ee con t rol  card  c i r cu i t pr ov i d es  an a l t e r n a t e  mode of

operat ion In which four 108 x 108 checkerboard patterns

can be stored and refreshed . Tine PDP—ll/l0 has control

of mod e selection and can select which of the four patterns

is to be displayed .

If in the future , the video refresh capability should be

no longer needed , t he core memory can be eas i ly  conver ted

on si te to a general purpose RAM . EMM offers a Unibus

in terface for the Micromemory 3000 series. (See part (Ii)

of this section).
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7.  Video l i n t  er c c innec t Pane l :  A v ideo i nt e r c o n n e c t  p a n e l  i s  ev a i l i i i

t c i  p e r m i t  ea sy  and f h e x i h l ~ i n t e r c o n n e ct  ion i f  v i d e o

si g n a l s .  The panel also cci ,n t, jjns eight adjeest abj e DC

v o l t a ge  sceurces  and a v i d e o  i n t e g ra t o r  f o r  use with the e

spec i a l  e f f e c t s  g e ne r a t o r  and v id e o  m u l t i p l e x e r ,  l i c e

p r i n t s  d e s c r ib i n g  these comp on ents  in more  d e t a i l  - c r c ’

g i v e n  in Appendix I .
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~~linear , or one—d imensional luminance distributions and two—d imensional texture
patterns are being studied .

Additional work has also been completed that examined the d’Iscrimi—
nibility of different n—grain statistics for random—check textures. However ,
this approach does not appear to be so fruitful a method for studying texture
percep tion as the method of ~Generalized Colorimetry’, which is outlined

C briefly in the first section of this report.
Our work to date indicates that the human observer is quite poor at

discriminating textures. Hence a considerable saving in communicating
texture information can be achieved through the use of texture metamers. ,
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