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ABSTRACT 

I n  t h i s  paper  we i n v e s t i g a t e  t h e  
problem of t h e  r e c o n s t r u c t i o n  of v i s i b l e  
s u r f a c e s ( s )  us ing  a  t r i n o c u l a r  s t e r e o  
approach. Informat ion from matched corner  
t r i p l e t s ,  zero-cross ings ,  i n t e n s i t y  edges 
a s  we l l  a s  SFS, i s  used f o r  a  f a s t e r  and 
more a c c u r a t e  s o l u t i o n .  

A t  f i r s t ,  t h e  method d e t e c t s  
c o r n e r s  by o p e r a t i n g  d i r e c t l y  on t h e  
t h r e e  gray-tone images and does not  r e l y  
on p r i o r  segmentation. Then t h e  zero- 
c r o s s i n g s  of a  : 
f G  opera to r  a p p l i e d  i n  each image a r e  
d e t e c t e d .  Af te r  t h e  images have been 
smoothed by a  Gaussian f i l t e r ,  a  
d i r e c t i o n a l  o p e r a t o r  : a n2 i s  
app l ied ,  f o r  t h e  d e t e c t i o n  of i n t e n s i t y  
edges .  A m u l t i r e s o l u t i o n  matching 
a lgor i thm i s  invoked f o r  f i n d i n g  t h e  
c o r r e c t  correspondance of t h e  above 
f e a t u r e s  i n  t h e  t h r e e  s t e r e o  images. 
Three d i s p a r i t y  a r r a y s  i n  d i f f e r e n t  
r e s o l u t i o n s  a r e  mainta ined.  Matching of 
d i f f e r e n t  f e a t u r e s  i s  done i n  p a r a l l e l .  
With t h e  t r i a n g u l a t i o n  technique,  3-D 
d i s t a n c e s  a r e  ob ta ined  and d i s p a r i t y  
informat ion a s  w e l l  a s  informat ion from 
i n t e n s i t y  edges i s  used t o  d e t e c t  depth 
d i s c o n t i n u t i e s .  

The depth maps obtained from 
matching d i f f e r e n t  type f e a t u r e s ,  a r e  
superimposed, and a  t h r e e - s t a g e  smooth 
s u r f a c e  i n t e r p o l a t i o n  i s  invoked. The 
r e c o n s t r u c t e d  s u r f a c e  "favors"  t h e  depth 
va lues  which correspond t o  matched corner  
p o i n t s .  Needle maps obtained us ing  
c l a s s i c a l  SFS methods and t h e  shape of 
t h e  smooth s u r f a c e  i s  a d j u s t e d  according 
t o  t h e  output  of t h e  SFS module. For 
a r e a s  of depth d i s c o n t i n u i t i e s ,  t h e  
s u r f a c e  pa tches  a r e  l o c a l l y  recons t ruc ted  
again ,  by us ing  depth informat ion from 
t h e  f i n e s t  r e s o l u t i o n .  

Vis ion i s  one of t h e  most important  
subsystems of an i n t e l l i g e n t  robot  and 
d e a l s  with t h e  problem of d e r i v i n g  a  
d e s c r i p t i o n  of a  three-dimensional  scene 
from i t s  two-deimensional images. It 
a t t empts  t o  s o l v e  t h e  i n v e r s e  of t h e  

image formation problem which i s  wel l  
posed. A s  it i s  t r u e  with t h e  major i ty  of 
inverse  problems, v i s i o n  i s  faced with  an 
i l l -posed  problem i n  t h e  sense  of 
Hadamard 1 1 1 .  Computational s t u d i e s  have 
provided i n  r e c e n t  yea rs  promising but  
f a r  from complete t h e o r i e s  of t h e  
p rocesses  necessary t o  so lve  t h e  ill- 
posed problem. I t  becomes c l e a r  t h a t  a  
s i n g l e  module i s  not  s u f f i c i e n t  t o  so lve  
t h i s  problem. Recent ly  a  l o t  of e f f o r t  i s  
made towards t h e  i n t e g r a t i o n  and f u s i o n  
of informat ion provided by d i f f e r e n t  
v i s u a l  cues .  

One of t h e  most important  "shape- 
from" modules which have been used i n  t h e  
l i t e r a t u r e  i s  t h e  s t e r e o  module. Many 
d i f f e r e n t  matching techniques  have been 
proposed t o  s o l v e  t h e  correspondance 
problem and minimize t h e  ambiguity which 
occurs dur ing  t h e  matching phase [ 2 ] ,  
131, [ 4 ] ,  [51. I n  t h i s  paper  a  t h r e e  
camera approach i s  considered where t h e  
correspondance problem i s  reduced t o  a  
simple v e r i f i c a t i o n ,  a t  a  p r e c i s e  
l o c a t i o n ,  i n  t h e  t h i r d  image. The 
l o c a t i o n  i s  determined by t h e  
i n t e r s e c t i o n  of two e p i p o l a r  l i n e s  [ 6 ] ,  
[ 7 ] .  The t r i n o c u l a r  s t e r e o  v i s i o n  method 
a l s o  overcomes t h e  problem of t h e  
convent ional  b inocu la r  s t e r e o  i n  matching 
h o r i z o n t a l  edge e lements .  F a s t e r  and more 
r e l i a b l e  matches of t h e  d i f f e r e n t  types  
of symbolic d e s c r i p t o r s  a r e  ob ta ined  and 
t h e r e f o r e  more a c c u r a t e  depth va lues  a r e  
c a l c u l a t e d .  

The next "shape-from" module, which 
a lone cannot s o l v e  t h e  problem, i s  t h e  
shape-from-shading module. Many d i f f e r e n t  
approaches can be found i n  t h e  
l i t e r a t u r e ,  but  t h e  r e s u l t s  a r e  n i e t h e r  
accura te  nor robus t  s i n c e  it i s  ambiguous 
t o  r e c o n s t r u c t  t h e  s u r f a c e  shape from one 
image. Horn [8 ]  has pioneered t h e  
resea rch  towards t h e  s o l u t i o n  of t h e  SFS 
problem by s o l v i n g  a  FOPDE. Ikeuchi  and 
Horn [9]  used c a l c u l u s  of v a r i a t i o n s .  
Brooks and Horn [ l o ]  t r i e d  a  s i m i l a r  
approach by enforc ing  t h e  i n t e g r a b i l i t y  
c o n s t r a i n t  but  f a i l e d  t o  develop a  
convergent i t e r a t i v e  scheme. I n  our 
approach needle  maps obtained from t h e  
t h r e e  images a r e  t ransformed t o  
correspond t o  a  g l o b a l  coord ina te  system 
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and used t o  enhance t h e  shape  of t h e  
r e c o n s t r u c t e d  s u r f a c e  i n  t h e  f i r s t  s t a g e  
of t h e  i n t e r p o l a t i o n  p r o c e s s .  

INTEGRATION 

A c r u c i a l  i n t e r a c t i o n  t h a t  w i l l  b e  
examined i n  t h i s  pape r  i s  t h e  combinat ion  
o r  i n t e g r a t i o n  o f  i n f o r m a t i o n  from t h e  
two v i s u a l  cues  which have been mentioned 
above.  P r i o r  v i s i o n  r e s e a r c h  was 
c o n c e n t r a t e d  i n  s o l v i n g  t h e  
r e c o n s t r u c t i o n  problem u s i n g  a  s i n g l e  
module. The o u t p u t  of t h e s e  modules 
p r o v i d e  on ly  s p a r s e  i n f o r m a t i o n  and a r e  
c o n s i s t e n t  w i th  more t h a n  one s u r f a c e  
d e f i n i t i o n .  

Recen t ly  a  l o t  o f  e f f o r t  i s  made i n  
combining d i f f e r e n t  shape-from modules 
which, i n  a  f i r s t  approximat ion  cou ld  b e  
c o n s i d e r e d  independen t .  Grimson [ l l ]  
t r i e d  t o  i n t e g r a t e  t h e  dep th  in fo rma t ion  
from a  b i n o c u l a r  s t e r e o  sys tem w i t h  t h e  
d i f f e r e n c e  i n  shad ing  from t h e  two 
images .  H i s  method does  n o t  work w e l l  i n  
p r a c t i c e  i n  a r e a s  of s p e c u l a r i t i e s .  
Moerdler  and Bou l t  [12]  s u g g e s t e d  a  two 
l e v e l  i n t e g r a t i o n  p r o c e s s  combining 
i n f o r m a t i o n  from two shape-f rom-texture  
methods wi th  d e p t h  v a l u e s  from s t e r e o .  
T h e i r  a l g o r i t h m  c o n s t r u c t s  on ly  smooth 
s u r f a c e s  wi thou t  any d i s c o n t i n u i t y  
r e p r e s e n t a t i o n  and i s  a p p l i e d  t o  t e x t u r e d  
s u r f a c e s .  Numerous p a p e r s  have been 
p u b l i s h e d  e x p l o r i n g  t h e  i n t e g r a t i o n  of 
b i n o c u l a r  s t e r e o  and t h e  s t ruc tu re - f rom-  
motion module. S a n d i n i  and T i s t o r e l l i  
[ I31  combined dep th  maps o b t a i n e d  from 

t h e  two modules s o  t h a t  more a c c u r a t e  3-D 
d i s t a n c e s  cou ld  b e  c a l c u l a t e d .  

2nd l e v e l  
of  i n t e r -  
g r a t  i o n  

O r i e n t a t i o n  
I n f  ormat i o n  I n f  ormat i o n  

1st Level  I n t e g r a t i o n  

1 
Depth Depth 

I n t e n s i t y  

F i g u r e  1. 

The method t h a t  w i l l  b e  p r e s e n t e d  
h e r e  i s  an i n i t i a l  s t a g e  o f  an  on-going 
r e s e a r c h  towards  t h e  d e s i g n  of a  sys tem 
which w i l l  i n c o r p o r a t e  many "shape-from" 
modules.  We p r e s e n t  a  method which 
i n t e g r a t e s  3-D dep th  v a l u e s  o b t a i n e d  from 
matched c o r n e r ,  z e r o - c r o s s i n g  and 
i n t e n s i t y  e d g e s .  At a  second l e v e l  of  
i n t e g r a t i o n ,  SFS i n f o r m a t i o n  i s  coupled  
f o r  a  more a c c u r a t e  r e c o n s t r u c t i o n .  Depth 
d i s c o n t i n u i t i e s  f o r  t h e  r e c o n s t r u c t e d  
s u r f a c e  ( s )  a r e  d e t e c t e d  by i n t e g r a t i n g  
i n f o r m a t i o n  from d i s p a r i t y  a r r a y s  and 
i n t e n s i t y  edges .  Local  s u r f  a c e  p a t c h e s  
around d i s c o n t i n u i t i e s  a r e  recomputed, 
u s i n g  f i n e  r e s o l u t i o n  d e p t h  v a l u e s .  The 
o v e r a l l ,  two s t a g e  i n t e g r a t i o n  p r o c e s s  i s  
d e p i c t e d  i n  F i g u r e  1. 

I n  t h i s  s e c t i o n  we d e s c r i b e  i n  an 
a l g o r i t h m i c  form t h e  s t e p s  towards  t h e  
r e c o n s t r u c t i o n  o f  v i s i b l e  s u r f a c e s  
p r e s e r v i n g  dep th  d i s c o n t i n u i t i e s .  

(A) Convolve each  of t h e  t h r e e  s t e r e o  
images wi th  t h r e e  d i f f e r e n t  s i z e  Gauss ian  
f i l t e r s  : 
G ( x , Y )  = c 2 e-1" + y S ) / 2 6 + .  The s i z e s  
co r re spond  t o  c o a r s e ,  medium and f i n e  
r e s o l u t i o n .  Obta in  t h e  z e r o - c r o s s i n g s  i n  
t h e  o u t p u t  o f  t h e  convolved images by  
s e e k i n g  p o i n t s  (X,, Yo)  such t h a t  f  (X,, ~ , , d  
)=O where f  ( X , Y , ~ ) = ~ ~ [ G ~ ( X , Y )  *E ( X , Y )  ] . 
(B) Apply t h e  d i r e c t i o n a l  d i f f e r e n t i a t i o n  
o p e r a t o r  b ' /an2 i n  each image t o  l o c a l i z e  
t h e  i n t e n s i t y  edges .  I n  t h e  above 
o p e r a t o r  n  d e n o t e s  t h e  d i r e c t i o n  of t h e  
i n t e n s i t y  g r a d i e n t .  A d i r e c t i o n a l  
o p e r a t o r  h a s  been used s i n c e  it i s  b e t t e r  
t h a n  an i s o t o p i c  o p e r a t o r  i . e . ,  V2, i n  
t h e  r e d u c t i o n  of n o i s e  e f f e c t s  and s o  
g i v e  b e t t e r  l o c a l i z a t i o n .  T h i s  p r o j e c t s  
t o  s m a l l  e r r o r s  i n  t h e  computed dep th  
v a l u e s .  

( C )  The new symbol ic  d e s c r i p t o r  which i s  
c o n s i d e r e d  i n  t h e  matching p r o c e s s  i s  
what we d e f i n e  a s  c o r n e r  p o i n t s .  These 
a r e  p o i n t s  where one-s ided d i r e c t i o n a l  
d e r i v a t i v e s  e x i s t  b u t  have d i f f e r e n t  
v a l u e s  i n  p a i r s  of  o p p o s i t e  d i r e c t i o n s .  
Corne r s  have n o t  been used  i n  t h e  p a s t  
f o r  t h e  s t e r e o  problem even though t h e y  
a r e  s i g n i f i c a n t  i n f o r m a t i o n  conveyors .  
T h e i r  p o s i t i o n  and t y p e  i m p l i e s  impor t an t  
c o n s t r a i n t s  about  t h e  shape  of t h e  
o b j e c t  (s)  i n  t h e  scene .  The m o t i v a t i o n  
beh ind  t h e  usage  of t h e s e  p o i n t s  i s  t h a t  
c o r n e r s  a r e  more s p a r s e  t o k e n s  t h a n  
"edges" i n  t h e  images s o  t h e y  a r e  e a s i l y  
and more r e l i a b l y  matched among t h e  t h r e e  
images.  Thus, more a c c u r a t e  dep th  
imformat ion  i s  o b t a i n e d .  The method 
developed by Hara l i ck  [14]  i s  used f o r  
t h e  d e t e c t i o n  of c o r n e r s  i n  t h e  images.  
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Curren t ly  new approaches a r e  i n v e s t i g a t e d  
f o r  more a c c u r a t e  l o c a l i z a t i o n  of corner  
p o i n t s  i n  d i f f e r e n t  r e s o l u t i o n s .  

(D) The matching p rocess  i s  executed by 
applying a  m u l t i r e s o l u t i o n  t echn ique .  
I n i t i a l  e s t i m a t i o n s  of t h e  d i s p a r i t y  
va lue  from coarse  r e s o l u t i o n  a r e  used t o  
d r i v e  t h e  matching i n  f i n e r  r e s o l u t i o n s .  
With t h e  t r i n o c u l a r  s t e r e o  t h e  matching 
phase i s  very simple and mainly v e r i f i e s  
t h e  l o c a t i o n  of t h e  t h i r d  homologous 
p o i n t  i n  t h e  t h i r d  image [6]. Edges of 
any o r i e n t a t i o n  can be matched with  t h e  
t h r e e  camera s t e r e o  and s o  t h e  mismatch 
d i f f i c u l t y  of h o r i z o n t a l  edges i n  a  
convent ional  b inocu la r  s t e r e o  i s  
e l i m i n a t e d .  The matching of t h e  d i f f e r e n t  
type  f e a t u r e s  i s  done i n  p a r a l l e l .  

(E) Three depth maps, f o r  each 
r e s o l u t i o n ,  corresponding t o  matched 
corners ,  zero-cross ings  and i n t e n s i t y  
edges a r e  c a l c u l a t e d  us ing  t h e  camera 
parameter  from t h e  c a l i b r a t i o n  phase.  For 
every  r e s o l u t i o n  t h e  t h r e e  depth maps a r e  
superimposed and s o  a  blended depth map 
i s  c r e a t e d  con ta in ing  more a c c u r a t e  3-D 
d i s t a n c e s ,  f o r  t h e  p h y s i c a l  p o i n t s  which 
a r e  d e p i c t e d  a s  corner  p o i n t s  i n  t h e  
images . 
(F) A t h r e e  s t a g e  approximation method i s  
d e s c r i b e d  i n  t h i s  s t e p  which accomplishes 
an i n i t i a l  r e p r e s e n t a t i o n  of t h e  v i s u a l  
s u r f a c e s .  The s u r f a c e  ( s )  i s  f i t t e d  
through t h e  blended depth map ob ta ined  
from t h e  medium r e s o l u t i o n  depth v a l u e s .  
The f i r s t  s t a g e  s e t s  up a  gr idded problem 
c o n s i s t i n g  of p o i n t s  ( u , , ~ , ) .  A uniform 
g r i d  i s  considered which enc loses  a l l  
d a t a  p o i n t s  ( X , , Y , ) .  I n  approximating t h e  
f u n c t i o n  and i t s  p a r t i a l  d e r i v a t i v e s  a  
weighted l o c a l  l e a s t  square  f i t  i s  made 
t o  t h e  n e a r e s t  15  p o i n t s  f o r  every g r i d  
p o i n t .  The weights  a r e  s e l e c t e d  a s  w, = 

(1-d,/d) [ I 4 1  . The weighted l e a s t  
squares  problem : 

s 
min [ Z w, [q  (X,, Y,) -2 (X,, Y,) I 'I 

bl 

i s  solved,  where q(X,,Y,) i s  a  cub ic  
polynomial and Z (X,, Y,) , t h e  depth va lues  
encoded i n  t h e  blended depth map. The 
second s t a g e  performs a  piecewise  b i c u b i c  
Hermite i n t e r p o l a n t  t o  t h e  g r idded  d a t a  
genera ted  from t h e  f i r s t  s t a g e  [I51 . For 
p o i n t  ( X , Y )  i n s i d e  a  g r i d  square ,  t h e  
f u n c t i o n  i s  def ined  a s  : 

where b, ( X )  , C, (Y) a r e  s t andard  c a r d i n a l  
Hermite b a s i s  f u n c t i o n s .  The t h i r d  s t a g e  
invo lves  a  modified Shepard's method s o  
t h a t  t h e  s u r f a c e  i s  f o r c e d  t o  i n t e r p o l a t e  
only  through t h e  depth va lues  which 
correspond t o  corner  p o i n t s  a s  be ing  more 
a c c u r a t e  [16] . 

( G )  Assuming t h a t  t h e  s u r f a c e s  a r e  
Lambertian, and t h a t  a  s i n g l e  l i g h t  
source  i s  p r e s e n t ,  t h e  Ikeuchi-Horn 
a lgor i thm [ I 7 1  i s  used t o  ob ta in  needle  
maps from each s t e r e o  image. The needle  
maps a r e  combined and a  c o r r e c t i o n  i s  
made s o  t h a t  they  r e f e r  t o  t h e  same 
coord ina te  system. The s u r f a c e  shape i s  
a d j u s t e d  s o  t h a t  i t s  p a r t i a l  d e r i v a t i v e s  
w i l l  be  compatible wi th  t h e  informat ion 
of t h i s  s t e p .  

(El) One of t h e  most important  p i e c e s  of 
informat ion which must be recorded and 
presented,  i s  t h e  l o c a t i o n s  of t h e  t h e  
dep th  d i s c o n t i n u i t i e s .  O r i e n t a t i o n  
d i s c o n t i n u i t u e s  a r e  ve ry  important  too ,  
bu t  t h e  c u r r e n t  method i s  unable t o  
d e t e c t  them. Previous  resea rch  shows t h a t  
whi le  it may be p o s s i b l e  i n  c e r t a i n  
i n s t a n c e s  t o  perform t h e  d e t e c t i o n  us ing  
s i n g l e  s o u r c e s  of d i s c o n t i n u i t y  
informat ion i n  i s o l a t i o n ,  t h e  only hope 
f o r  so lv ing  t h e  problem i n  g e n e r a l  i s  t o  
employ m u l t i p l e  d i s c o n t i n u i t y  cues 
s imul taneously .  Towards t h a t  d i r e c t i o n ,  
informat ion from d i s p a r i t y  a r r a y s  i s  
i n t e g r a t e d  with informat ion from 
i n t e n s i t y  edges .  One way t o  f i n d  depth 
d i s c o n t i n u i t i e s  i s  t o  i d e n t i f y  semi- 
occluded reg ions  t h a t  cannot be matched 
by t h e  s t e r e o  correspondance computation. 
The matching a lgor i thm f a i l s  t o  match 
semi-occluded reg ions  but  it i s  capable  
of s i g n a l l i n g  t h e s e  reg ions .  Also 
p o t e n t i a l  d i s c o n t i n u i t i e s  a r e  examined by 
computing t h e  l o c a l  depth g r a d i e n t  Q. 
S(X,Y) on t h e  i n i t i a l  s u r f a c e  
approximat ion .  Comparing t h e  V.S ( X ,  Y )  
va lues  a t  each i n t e n s i t y  edge t o  a  
t h r e s h o l d  l e v e l  t h e  e x i s t e n c e  o r  absence 
of a  depth d i s c o n t i n u i t y  can be 
e s t a b l i s h e d .  A double t h r e s h o l d  method, 
s i m i l a r  t o  [15] i s  used f o r  t h e  
d e t e c t i o n .  Common reg ions  l a b e l l e d  a s  
d i s c o n t i n u i t y  a r e a s  from both methods a r e  
e s t a b l i s h e d .  For only  t h o s e  reg ions  t h e  
corresponding s u r f  ace pa tches  a r e  
cons t ruc ted  again  us ing  depth informat ion 
from t h e  f i n e s t  r e s o l u t i o n  l e v e l .  Note 
t h a t  t h e  s u r f a c e  need not  be 
recons t ruc ted  a t  t h e  next  l e v e l  s i n c e  it 
i s  smooth everywhere, s o  a c c u r a t e l y  
represen tab le  by s t e p  G except  f o r  
d i s c o n t i n u i t y  a r e a s .  With t h i s  approach 
s i g n i f i c a n t  computational savings  a r e  
e s t a b l i s h e d .  

CONCLUSIONS - FUTURE WORX 

In  t h i s  work a  method was desc r ibed  
f o r  t h e  complete r e c o n s t r u c t i o n  of 
v i s i b l e  s u r f  ace  (s)  d e t e c t i n g  and 
p rese rv ing  depth d i s c o n t i n u i t i e s .  The 
depth map was obtained by t r i n o c u l a r  
s t e r e o  techniques  s o  t h a t  t h e  
correspondance problem i s  minimized. , A  
two l e v e l  i n t e g r a t i o n  p rocess  was 
desc r ibed  where an i n i t i a l  s u r f a c e  
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approximat ion  i s  e s t a b l i s h e d  from dep th  [11]  Grimson W .  (1984) B inocu la r  Shading 
v a l u e s  o b t a i n e d  from matched c o r n e r s ,  and V i s u a l  Surf  a c e  R e c o n s t r u c t i o n ,  Comp. 
z e r o - c r o s s i n g s  and i n t e n s i t y  edges .  Vision Graphics and Image Processing, 28, 
Shape-from-shading i n f o r m a t i o n  was used  ~ ~ 1 9 - 4 3  
t o  a d j u s t  t h e  shape  o f  t h e  s u r f a c e .  
I n t e g r a t i n g  i n f o r m a t i o n  from d i s p a r i t y  [ I21  Moerdler  M .  & Boul t  T. (1988) The 
f i e l d s  and i n t e n s i t y  edges ,  e n a b l e  t h e  I n t e g r a t i o n  of In fo rma t ion  from S t e r e o  
r e c o n s t r u c t i o n  p r o c e s s  t o  e x a c t l y  l o c a t e  and M u l t i p l e  Shape-from-Texture cues ,  
w i th  h igh  conf idence  t h e  dep th  PrOC. of Computer Vision and Pattern 
d i s c o n t i n u i t y  r e g i o n s .  Recognition Conference, Ann Arbor, M I ,  

C u r r e n t l y  new s u r f a c e  f i t t i n g  ~ ~ 5 2 4 - 5 2 9  
t e c h n i q u e s  a r e  b e i n g  i n v e s t i g a t e d  s o  t h a t  
b o t h  d e p t h  a n d  o r i e n t a t i o n  [13]  S a n d i n i  G .  and T i s t a r e l l i  M .  (1986) 
d i s c o n t i n u i t i e s  would be a b l e  to be Recovery o f  Depth In fo rma t ion  : camera 
amalgamated in t h e  reconstructed motion a s  an i n t e g r a t i o n  t o  s t e r e o .  
su r f ace  (s)  . ~l~~ more ~ s h a p e - f r o m ~  Workshop on Motion : Representation and 

modules must b e  i n t e g r a t e d ,  i . e . ,  shape- *alysisI South c a r o l i n a ,  ~ ~ 3 9 - 4 3  
f rom- tex tu re ,  shape-from-motion, e . t . c . ,  
s o  t h a t  a  g e n e r a l  s o l u t i o n  t o  t h e  f u s i o n  [ I41  S t e a d  S .E.  (1984) E s t i m a t i o n  of 
problem would be  accompl ished.  G r a d i e n t s  from S c a t t e r e d  Data ,  Rocky 
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