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ABSTRACT 

When an o p t i c a l sensor t r a n s l a t e s a l o n g a 
known d i r e c t i o n I n a s t a t i o n a r y w o r l d the r e l a t i v e 
dep th map of o b j e c t p o i n t s on the s u r f a c e can be 
e a s i l y o b t a i n e d when some s i m p l i f y i n g assumpt ions 
a re made. Under these assumpt ions the angu la r 
speeds o f p r o j e c t i n g r a y s can be o b t a i n e d f rom 
( a p p r o x i m a t i o n s t o ) t empora l and s p a t i a l d e r i v a t i v e s 
o f Image b r i g h t n e s s . The r e l a t i v e dep th o f any two 
image p o i n t s i s then d i r e c t l y computable as a s imp le 
r a t i o o f l i n e a r f u n c t i o n s o f t h e i r angu la r v e l o c i ­
t i e s because the d i r e c t i o n s o f angu la r v e l o c i t i e s 
a re known i n t h i s s p e c i a l s i t u a t i o n . 
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A l t hough o p t i c a l f l o w s were shown to be a r i c h 
source o f i n f o r m a t i o n , t h e i r d e t e c t i o n poses a p ro -
b lem: I n g e n e r a l , i t i s d i f f i c u l t t o o b t a i n image 
v e l o c i t i e s d i r e c t l y f rom image b r i g h t n e s s . Here we 
i n v e s t i g a t e a s p e c i a l s i t u a t i o n where r e s t r i c t i n g 
assumpt ions a re i n c o r p o r a t e d t o compute the r e l a ­
t i v e dep th map f rom image m o t i o n s . Prazdny [ 5 ] has 
shown t h a t g i v e n two image p o i n t s c o r r e s p o n d i n g to 
two t e x t u r e e lements on a r i g i d o b j e c t (o r on two 
d i f f e r e n t o b j e c t s moving r i g i d l y t o g e h t e r ) , t h e i r 
r e l a t i v e d e p t h , R d i j . . , d e f i n e d a s the r a t i o o f t h e i r 
d i s t a n c e s ( S , S . ) t o t he c e n t e r o f ( p o l a r ) p r o j e c ­
t i o n , i s de te rm ined b y 

is the d i f ference of the angular 
of the pro jec t ing rays of l i g h t , 

and Q iQ j are the un i t vector speci fy ing the v i sua l 
d i rec t ions along which the two linage points l i e . 
This is a general r e l a t i o n which does not depend on 
any r e s t r i c t i o n on ( re l a t i ve ) motion. In the spe­
c i a l case when the observer t rans lates along a known 
(but a rb i t r a r y ) d i r e c t i o n , the d i r ec t i on vectors of 
angular ve l oc i t i e s A i are known. In f a c t , 

(2)  

so that is the un i t vector of  
a n d i s the angular speed of the ray (the mag­
nitude of the angular ve loc i t y vector (see Figure 1 ) . 
In order to apply equation ( l ) . t o recover the r e l a ­
t i ve depth we have to specify  

In pure t rans la t i on , the image elements on the 
pro jec t ion plane (PP) move a l l along s t ra igh t l i nes 
determined only by the pos i t ion of the image points 

on PP and the focus of expansion (FOE) [the unique 
point of in tersec t ion of a l l these s t ra igh t l i n e s ] , 
FOE corresponds to the point where the vector 
along which the observer t rans lates pierces the PP. 
In the case of pure t rans la t i on the d i rec t ions of 
the image ve loc i t i e s are independent of the sur­
face layout ; the information about the spa t ia l d i s ­
pos i t ion of the texture elements is contained only 
in the magnitudes of the image motions. Because 
each image element moves along a known s t ra igh t 
l i n e on PP, the problem reduces to est imating the 
motion of a one dimensional brightness d i s t r i b u ­
t i on along the l i ne ( i t is assumed here that the 
d i s t r i b u t i o n does not change s i g n i f i c a n t l y from 
frame to frame). This problem is easi ly solvable. 
Using the Taylor series expansion one can develop 
an expression for the image displacement A£ r e l a ­
t i ng the temporal and spa t i a l der iva t i ve of the 
image brightness funct ion along the l i ne it at a 
given image point (see e.g. [ 6 ] ) . 

where I is the image brightness func t ion , and A£ 
is i t s displacement at an image point along the 
l i ne i . With a s u f f i c i e n t l y small interframe i n ­
t e r v a l , I f one disregards 
the components of order 2 and higher, th is approxi­
mation reduces to a l inear approximation used e.g. 
in [ 1 ] , ( 2 ) , [ 3 ] , [ 4 ] . Observe that the l inear ap­
proximation is appropriate only at points where 
the f i r s t spat ia l der iva t ive along l is (approxi­
mately) constant and the displacement remains w i t h ­
in the extent of t h i s l i n e a r i t y . The speed d l / d t 
is re lated to the angular speed by 

where Q is the distance of the image element on PP 
from the center of p ro jec t i on , and is the angle 
between the l i ne l on PP and the pro ject ion ray 
(Figure 1) . Q and are constants for a given FOE 
and r e f l e c t the fact that the pro jec t ion surface 
is a plane which is not i so t rop ic w i th respect to 
the image v e l o c i t i e s . The above equations enable 
one to compute the r e l a t i v e depth d i r e c t l y . The 
der iva t ives d l / d t , and d l /d i l have to be estimated 
from a succession of d i g i t a l images. The der iva­
t i v e can be approximated d i r e c t l y from 
successive (temporally proximal) d i g i t a l images. 
The der iva t i ve d l /d l of I along l is eas i ly ob­
ta inable from neighboring gray l eve l values by 
i n te rpo la t i on . One has to assure the existence 
of both der ivat ives at locat ions where B is to be 

698 




