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The h i g h e s t - r e s o l u t i o n  V i k i n g  O r b i t e r  frames have image sca les  o f  l e s s  than 10 m/p ixe l  and 
can be used t o  i d e n t i f y  f ea tu res  whose s i zes  a re  o f  t h e  o rde r  o f  severa l  p i x e l s  ( 1 ) .  I n  genera l  
i t  i s  n o t  poss ib le  t o  o b t a i n  unique i n f o r m a t i o n  about f ea tu res  sma l l e r  than t h i s .  However, if 
some separate in format ion  about t h e  types o f  f ea tu res  t o  be expected i s  a v a i l a b l e ,  i t  may be 
poss ib le  t o  make u s e f u l  deduct ions f rom t h e  b r i gh tness  values o f  even s i n g l e  p i x e l s .  

An example o f  t h i s  r e l a t e s  t o  t h e  V i k i n g  Lander s i t e s .  The Lander images ( 2 )  show a d i s -  
t r i b u t i o n  o f  bou lders  w i t h  s i zes  up t o  seve ra l  m a t  each s i t e  (3,4,5), and one miqht  expect a  
ve ry  smal l  number o f  t h e  l a r g e s t  bou lders  t o  be reso l vab le  i n  O r b i t e r  frames ( 1 ) .  More numer- 
ous, however, should be examples o f  unreso lved bou lders  whose b r i g h t ,  sunward-facing s ides con- 
t r i b u t e  t o  unusua l ly  h i g h  DNs (da ta  numbers, p r o p o r t i o n a l  t o  sur face b r i gh tness  i n  photomet r l -  
c a l  l y  decal  i b r a t e d  images) f o r  c e r t a i n  p i x e l s  and whose shadows c o n t r i b u t e  t o  unusua l l y  low DNs 
f o r  o the rs .  I n  images w i t h  low s o l a r  e leva t i ons ,  t h e  second type o f  event  should g r e a t l y  dom- 
i n a t e  t h e  f i r s t .  A t  f a i r l y  h i g h  s o l a r  e leva t i ons ,  t h e  most common s p a t i a l  c o r r e l a t i o n  between 
anomalous p i x e l s  i s  expected t o  be t h e  occurrence o f  a  b r i g h t  p i x e l  immediately ad jacent  t o  a  
da rke r  than average p i x e l .  However, a t  a l l  s o l a r  e leva t i ons  i t  may happen t h a t  a  s i n g l e  p i x e l  
con ta ins  bo th  t h e  sunward face o f  a  bou lde r  and the f o o t  o f  i t s  shadow. Th is  p i x e l  may, t he re -  
fo re ,  show o n l y  a  minimal b r i gh tness  anomaly, and no bou lde r  w i l l  be "detec ted"  un less  t h e  
shadow i s  l ong  enough t o  produce a t  l e a s t  one unusua l l y  dark  p i x e l  i n  t h i s  case. The anomalous 
br igh tnesses o f  p i x e l s  caused by t he  presence o f  d i s c r e t e  f ea tu res  w i t h  s i g n i f i c a n t  r e l i e f  w i l l ,  
of course, be superimposed on a  d i s t r i b u t i o n  o f  p i x e l  DNs due t o  t h e  d i s t r i b u t i o n  o f  surface 
slopes a t  a  h o r i z o n t a l  s c a l e  l e n g t h  equal  t o  o r  g r e a t e r  than t h e  p i x e l  s i z e .  There i s ,  there-  
fore,  i n e v i t a b l y  a  s t a t i s t i c a l  aspect t o  t h e  i d e n t i f i c a t i o n  o f  smal l  f ea tu res  produc ing anoma- 
lous  p i x e l s .  

We have t e s t e d  these ideas on p a r t  o f  frame 452809 which shows an area near t he  V i k i n g  1  
lander  s i t e  w i t h  a  s o l a r  e l e v a t i o n  o f  42.2'. Table 1  shows t h e  d i s t r i b u t i o n  o f  p i x e l  DN values 
i n  t h e  reg ion  de f i ned  by l i n e s  450 t o  600 and samples 600 t o  1000 i n  t h i s  frame. An approx i -  
mately gaussian d i s t r i b u t i o n  o f  b r i gh tness  l e v e l s  i s  found, w i t h  t h r e e  o u t l i e r s  t o  t h e  main d i s -  
t r i b u t i o n  hav ing DN va lues o f  88, 120, and 121, The p r o b a b i l i t y  o f  these o u t l i e r s  be long ing t o  
t he  main p a r t  o f  t h e  d i s t r i b u t i o n  i s  l e s s  than lo '=.  To g i v e  an a l t e r n a t i v e  impress ion of t he  
s i g n i f i c a n c e  o f  these b r i gh tness  v a r i a t i o n s ,  Table 2 gives t h e  d i s t r i b u t i o n  o f  t h e  angu lar  t i l t s ,  
p o s i t i v e  towards and nega t i ve  away f rom t h e  Sun, o f  t h e  su r face  elements cor respond ing t o  i n d i v i -  
dua l  p i x e l s .  Br igh tness v a r i a t i o n s  have been conver ted t o  t i l t s  us ing  t h e  L o m l - S e e l i g e r  func- 
t i o n ,  so t h a t  i f  D i s  t h e  va lue o f  a  p i x e l  DN and B i s  t h e  mean DN f o r  t h e  scene, t h e  t i l t  T o f  
t he  surface element corresponding t o  t h i s  p i x e l  i s  g i ven  by t h e  s o l u t i o n  o f :  

( c o s I  + cos E) 
cos I 

where I and E a re  t h e  angles o f  inc idence and emergence a t  an u n t i l t e d  sur face element. 
Table 2  shows c l e a r l y  t h e  g a i n  d i s t r i b u t i o n  o f  b r igh tngsses corresponding t o  su r face  undu- 

l a t i o n s  ( t h e  mean t i lt i s  -0.08 and t h e  RMS s lope i s  1.105 ) ,  super igposed on which a r e  t h e  
t h r e e  anomalous p i x e l s  w i t h  DNs cor respond ing t o  t i l t s  i n  excess o f  5  . Loca t i on  o f  these 
p i x e l s  on t h e  o r i g i n a l  image shows them t o  be s t r o n g l y  s p a t i a l l y  c o r r e l a t e d :  Table 3  i s  a  l i s t -  
i n g  of  t h e  anomalous area and i t s  surroundings. The suggested i n t e r p r e t a t i o n  i s  t h e  presence of 
a  bou lder  w i t h  a  diameter o f  about  10 m ( t h e  image sca le  i s  7.70 m/p ixe l  i n  t h i s  frame) ( 3 ) .  

Th is  s tudy o f  a  smal l  area i n  one V i k i n g  O r b i t e r  frame has shown t h a t  t he  automated detec- 
t i o n  of d i s c r e t e  f e a t u r e s  a t  t h e  l i m i t s  o f  s p a t i a l  r e s o l u t i o n  has some value. There i s  c l e a r l y  
a  cons iderab le  p o t e n t i a l  problem, however, i n  d i s c r i m i n a t i n g  between t h e  b r i gh tness  d i s t r i b u t i o n s  
produced by undu la t i ng  su r face  topography a t  t h e  p i x e l  sca le  and t h e  presence o f  sub -p i xe l - s i zed  
bou lders  ( o r ,  f o r  t h a t  m a t t e r ,  c r a t e r s )  on an o therwise n e a r l y  f l a t  p l a i n .  Also, care  must be 
taken n o t  t o  m i s i n t e r p r e t  anomalous p i x e l s  produced by c o r r e c t i o n s  f o r  t r ansm iss ion  e r r o r s  from 
the  spacec ra f t .  We are  c u r r e n t l y  s tudy ing  t h e  e x t e n t  t o  which a lgor i thms f o r  d e t e c t i n g  near-  
p i x e l - s i z e  f ea tu res  i n  d i g i t a l  images can be s a f e l y  automated, thus  m in im iz ing  ope ra to r  i n t e r -  
ven t i on ,  and a l s o  t h e  e x t e n t  t o  which they  can be made s e l f - a d a p t i v e  f o r  i n c o r p o r a t i o n  i n t o  more 
general  image-analysis programs. F i n a l l y ,  such analyses can he lp  b r i dge  t h e  r e s o l u t i o n  gap be- 
tween l ande r  images, Earth-based rada r  data  ( a t  cm wavelengths) and h i g h - r e s o l u t i o n  o r b i t a l  
images. 

Table 1. The numbers, N, o f  p i x e l s  hav ing a  g i ven  data  number, DN, on V i k i n g  O r b i t e r  frame 
452809 w i t h i n  t h e  area de f i ned  by l i n e s  450 t o  600, samples 600 t o  1000. 

DN: 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 
N : 0  1  0  0  0  0  0  7  15 97 238 720 1429 2772 3923 4883 6008 7859 

DN: 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 
N: 8 6 8 2 8 0 1 2 5 9 5 9 3 3 3 0 1 4 6 9  555 134 33 4  2 1  0  0  0  0  1  1  0  
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Table 2 The numbers, N, o f  p i x e l s  having a given tilt, T, towards ( p o s i t i v e )  o r  away 
1-e~ from t h e  Sun w i t h i n  t h e  arga def ined i n  t h e  cap t ion  t o  Table 1. The mean t i l t  
i s  -0.082 and t h e  RMS s lope i s  1.105 . 
T: -7 -6 -5 -4 -3 -2  -1 0 1 2 3 4 5 6 7 8 
N: 0 1 0 22105542011481416541173012024  167 7 0 0 2 0 

Table 3. DN values i n  t h e  
v i c i n i t y  o f  t h e  anomalous 
p i x e l s  (values under1 ined)  
based on a mean DN of 105' 
(see Table 1 ) .  The mean 
value w i t h i n  t h i s  area i s  
i n  f a c t  110.1, b u t  t h i s  
does n o t  i n f l uence  t h e  
i d e n t i f i c a t i o n  o f  t he  
anomalous p i x e l s .  LINES 
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