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The r a r i t y  o f  h i g h - r e s o l u t i o n  s tereoscopic  spacecraf t  imagery f o r  p lane ta ry  sur faces has 
prompted i n t e r e s t  i n  generat ing topographic i n f o r m a t i o n  from monoscopic images (1-4). Such 
techniques may be a p p l i e d  t o  LANOSAT images o f  t h e  Earth, and we a r e  devleloping sof tware i n  
UCSD PASCAL f o r  t h i s  on a Joyce-Loebl MAGISCAN 2 image a n a l y s i s  system. 

One e s s e n t i a l  s tep  i n  a n a l y s i s  i s  t o  use a mathematical f u n c t i o n  r e l a t i n g  apparent b r i g h t -  
ness o f  a surface element t o  i t s  o r i e n t a t i o n  r e l a t i v e  t o  t h e  Sun and t h e  observer. For  t h i s  
we have used t h e  f u n c t i o n  r e c e n t l y  developed by Hapke (5, 6), i n  which p h y s i c a l  su r face  
p r o p e r t i e s  a re  charac te r i sed  by f i v e  parameters: W ( s i n g l e  s c a t t e r i n g  albedo), H (pack ing 
dens i t y  o f  i n d i v i d u a l  s c a t t e r i n g  elements as a f u n c t i o n  o f  depth i n  t h e  uppermost su r face  l a y e r ) ,  
T (mean s lope o f  su r face  roughness on t h e  l a r g e s t  s p a t i a l  sca le  n o t  reso lved  a t  p i x e l  l e v e l )  
and B and C ( c h a r a c t e r i s i n g  angular l i g h t  s c a t t e r i n g  e f f i c i e n c y  o f  i n d i v i d u a l  sur face elements). 

I t  i s ,  of course, impor tan t  t o  s e l e c t  c o r r e c t  va lues f o r  t h e  parameters i n  order t o  i n t e r -  
p r e t  t h e  b r igh tness  v a r i a t i o n s  i n  an image c o r r e c t l y .  However, systemat ic  determinat ions o f  
these parameters as a f u n c t i o n  o f  su r face  geology have o n l y  been made so f a r  f o r  Ganymede (7).  
The contaminat ion o f  ~anymede's ou te r  l a y e r s  by v a r y i n g  amounts o f  water i c e  means t h a t  t h e  
parameters deduced f o r  i t s  su r face  a re  u n l i k e l y  t o  be t y p i c a l  f o r  rocky sur faces o f  i n n e r  s o l a r  
system bodies. The v e g e t a t i o n  cover o f  much o f  t h e  E a r t h  i n  any case presents s p e c i a l  
a d d i t i o n a l  problems. 

For tuna te ly ,  pho toc l inomet ry  o n l y  r e q u i r e s  use o f  r a t i o s  o f  b r i g h t n e s s  values f o r  t i l t e d  
and u n t i l t e d  su r face  elements, r a t h e r  than absolute values o f  these br ightnesses.  We have, 
therefore,  explored t h e  s e n s i t i v i t y  o f  t h e  t i l t j b r i g h t n e s s - r a t i o  r e l a t i o n s h i p  t o  v a r i a t i o n s  
i n  t h e  f i v e  a d j u s t a b l e  parameters o f  Hapke's func t ion .  I n  l i e u  o f  o t h e r  i n f o r m a t i o n  we have 
used as t y p i c a l  values those deduced f o r  t h e  darker  areas o f  Ganymede (7 )  [ W  = 0.4, H = 0.5, 
T = 25 degrees, B = 0.4, C = 0.51 and have c a l c u l a t e d  b r igh tness  r a t i o  as a f u n c t i o n  o f  l o c a l  
su r face  tilt f o r  t y p i c a l  o v e r a l l  v iewing and i l l u m i n a t i o n  geometries as each parameter i s  v a r i e d  
i n  t u r n  over i t s  mathematical range. 

F igures  1 and 2 show some r e s u l t s  f o r  a t y p i c a l  spacecra f t  image geometry: t h e  de tec to r  
i s  l o o k i n g  v e r t i c a l l y  downwards onto t h e  su r face  and t h e  s o l a r  inc idence  angle i s  50 degrees. 
I t  i s  < m e r a l l y  found t h a t  b r igh tness  o f  a p lane ta ry  su r face  element i s  a s t rong  f u n c t i o n  of 
b r igh tness  l o n g i t u d e  b u t  o n l y  a weak f u n c t i o n  o f  b r igh tness  l a t i t u d e ;  t h e  F igures  represen t  
corresponding c a l c u l a t i o n s  f o r  t i l t s  p a r a l l e l  to ,  and perpendicu lar  to ,  t h e  p lane c o n t a i n i n g  
t h e  s o l a r  inc idence  vector,  respec t i ve ly .  We f i n d  t h a t  t h e  b r igh tness  r a t i o / t i l t  r e l a t i o n s h i p  
i s  r e l a t i v e l y  i n s e n s i t i v e  t o  v a r i a t i o n  i n  t h e  parameters. The s t ronges t  dependance i s  on T, 
macroscopic su r face  roughness; b u t  even t h i s  can be a l lowed t o  reach p h y s i c a l l y  unreasonably 
l a r g e  values ( g r e a t e r  than about 50 degrees i n  t h e  examples shown) b e f o r e  unacceptable changes 
i n  t h e  na tu re  o f  t h e  r e l a t i o n s h i p  occur. I n  p a r t i c u l a r ,  the  r e l a t i o n s h i p  i s  smooth and s i n g l e -  
valued f o r  a l l  p h y s i c a l l y  p l a u s i b l e  parameter values. Th is  i s  most impor tan t  f o r  use o f  t h e  
func t ion  i n  photoc l inometry ;  i f  i t  were n o t  t h e  case then more than one o r i e n t a t i o n  o f  a surface 
element would e x i s t  g i v i n g  t h e  same br igh tness  r a t i o ,  render ing  the  technique useless. There 
i s ,  i n  f a c t ,  a measure o f  ambigui ty  i n  i n t e r p r e t i n g  b r igh tness  r a t i o s ,  s ince  a sur face element 
w i l l  i n  genera l  have tilt components bo th  i n ,  and normal to ,  t h e  s o l a r  inc idence plane. 
However, comparison o f  F i g u r e s  1 and 2 shows t h a t  a g iven  t i l t  i n  t h e  p lane o f  inc idence w i l l  
produce about a t e n - f o l d  g r e a t e r  b r igh tness  change than  t h e  same t i l t  perpendicu lar  t o  t h e  
plane: t h i s  suggests t h e  maximum absolute accuracy o f  the  technique t o  be approximately 90%. 
We p l a n  t o  t e s t  t h i s  expec ta t ion  s h o r t l y  by app ly ing  pho toc l inomet r i c  topography generat ion 
methods t o  LANOSAT images o f  well-mapped areas o f  the  Earth. 
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