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A b s t r a c t 

A p o l y h e d r a l approx imat ion f o r the v o l u m e t r i c 
d e s c r i p t i o n of a moving r i g i d o b j e c t from a 
r e a l - w o r l d scene is d e r i v e d , based on 
measurements in monocular TV-frame sequences. 
The t r a j e c t o r y and a t t i t u d e o f t he o b j e c t 
mot ion r e l a t i v e t o the camera i s s imu l taneous ly 
determined up to the same f a c t o r which sca les 
the o b j e c t d e s c r i p t i o n . Resu l t s from one s t r e e t 
scene sequence are p resen ted . The approach is 
compared to r e l a t e d ones repo r ted in the recent 
l i t e r a t u r e . 

1 . I n t r o d u c t i o n 

Techno log i ca l p rogress throughout the past 
decade has made i t f e a s i b l e to r e c o r d , 
d i g i t i z e , s t o r e , and eva lua te image sequences 
of r e a l - w o r l d scenes w i t h moving o b j e c t s . A 
comprehensive survey o f a p p l i c a t i o n - o r i e n t e d 
research which a t tempts to e x p l o i t such 
p o s s i b i l i t i e s has been g i ven by Nagel [ 3 0 ] . I t 
p rov ides c l e a r ev idence from numerous 
a p p l i c a t i o n areas t h a t progress i n the 
e v a l u a t i o n o f image sequences i s c l o s e l y 
r e l a t e d to improvements i n model ing the 
dep i c ted scene and i t s temporal v a r i a t i o n s . 

Nagel [ 2 9 ] o u t l i n e d an approach to d e r i v e 
d e s c r i p t i o n s o f r i g i d o b j e c t s i n mot ion from 
monocular TV-frame sequences. The c u r r e n t 
c o n t r i b u t i o n r e p o r t s r e s u l t s from e f f o r t s t o 
implement t h i s approach. 

Desp i te a recent b u r s t of p u b l i c a t i o n s about 
image sequence a n a l y s i s , no d i r e c t l y comparable 
r e s u l t s are known to us, y e t . Numerous 
i n v e s t i g a t o r s have been concerned w i t h problems 
which appear as subproblems in our c o n t e x t . 

Ob jec t t r a c k i n g in TV-frame sequences from 
r e a l - w o r l d scenes has been repo r ted r e c e n t l y by 
G i l b e r t e t a l . [ 1 6 , 1 7 ] , Radig [ 3 8 ] , Yachida e t 
a l . [ 4 6 ] , Ger lach [ 1 5 ] , Landze t t e l and 
H i r z i n g e r [ 2 3 ] , H i r z i n g e r e t a l . [ 1 8 ] , Korn and 
Ko r i es [ 2 1 ] , Bers e t a l . [ 5 ] . A l though some o f 
these systems have p r o v i s i o n s to cope w i t h 
p a r t i a l o r complete o c c l u s i o n o f the o b j e c t t o 
be t racked and, t h e r e f o r e , a re more robust than 
our approach as f a r as t r a c k i n g is concerned, 
none of them a c t u a l l y a t tempts to d e r i v e a 3D 
d e s c r i p t i o n o f the moving o b j e c t . 

Var ious d e s c r i p t o r s , rang ing from the mere 2D 
p o s i t i o n of a do t in a b i n a r y image up to 
complex r e l a t i o n a l s t r u c t u r e s have been used to 
c h a r a c t e r i z e the image of the same space p o i n t 
in each frame of an image sequence. 

Depending on the type of d e s c r i p t o r s , d i f f e r e n t 
methods f o r matching d e s c r i p t o r s from one image 
frame to the next have been developed in order 
to so l ve the correspondence problem (Duda and 
Hart [ 1 4 ] ) . We mod i f i ed a r e l a x a t i o n approach 
repo r t ed by Barnard and Thompson [ 3 ] . Other 
approaches are d iscussed by, e . g . , Ullman [ 4 2 ] , 
Radig e t a l . [ 3 9 ] , Kraasch e t a l . [ 2 2 ] , Jacobus 
et a l . [ 1 9 ] and Cheng and Huang [ 8 ] . 

Using such techn iques , a s e r i e s of 
cor respond ing image coord ina tes can be 
e x t r a c t e d from an image sequence f o r a set of 
p o i n t s which are hypothes ized to be l oca ted on 
the same r i g i d moving o b j e c t . Provided c e r t a i n 
c o n d i t i o n s are s a t i s f i e d , the 3D c o n f i g u r a t i o n 
of these p o i n t s as w e l l as t h e i r space 
t r a j e c t o r y can be determined from such 
measurements. In the case of o r t h o g r a p h i c 
p r o j e c t i o n , t h i s i s guaranteed by the 
" s t r u c t u r e - f r o m - m o t i o n " theorem o f Ullman [ 4 2 ] . 
The d e t e r m i n a t i o n of t r a n s l a t i o n and r o t a t i o n 
f o r the p e r s p e c t i v e case has been s tud ied by 
Nagel [ 3 2 ] , Meiri [ 2 5 ] , and Nagel and Neuinmann 
[ 3 3 ] . S i m i l a r i n v e s t i g a t i o n s , but based on 
o p t i c a ] f l ow , have been r e t o r t e d e a r l i e r by 
Prazdny [ 3 6 , 3 7 ] . Spec ia l s i t u a t i o n s i n 
o p t i c a l f l ow a n a l y s i s f o r the d e r i v a t i o n o f 3D 
d e s c r i p t i o n s have been s tud ied by C locks in [ 9 , 
10, 1 1 ] , by Lawton [ 2 4 ] and by W i l l i a m s [ 4 5 ] . 

Neumann [ 3 4 ] used s imu la ted data in a search 
approach which a t tempts to so lve s imu l taneous ly 
the problems of g roup ing image p o i n t s toge the r 
as r ep resen t i ng the same o b j e c t , of f i n d i n g the 
correspondences between images of the same 
p o i n t from d i f f e r e n t frames and o f de te rm in ing 
the i n t e r f r a m e t r a n s l a t i o n and r o t a t i o n 
parameters . A numer ica l m i n i m i z a t i o n approach 
towards 3D r e c o n s t r u c t i o n i n v e s t i g a t e d w i t h 
s imu la ted data has been repor ted by Roach and 
Aggarwal [ 4 1 ] . Our r e s u l t s have been obta ined 
w i t h a m i n i m i z a t i o n approach descr ibed by Bonde 
and Nagel [ 7 , 3 1 ] . 

Since we are r e s t r i c t i n g ou rse lves to r i g i d 3D 
p o i n t c o n f i g u r a t i o n s , recent work by Rashid 
[ 4 0 ] , Asada et a l . [ 1 ] , as w e l l as Webb and 
Aggarwal [ 4 4 ] on j o i n t e d o b j e c t s i s o u t s i d e our 
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scope. We exc lude , t o o , model-based approaches 
such as those of O'Rourke and Badler [ 3 5 ] or 
Wal lace and M i t c h e l l [ 4 3 ] . These au thors assume 
t h a t o b j e c t - s p e c i f i c knowledge i n t he form o f 
3D p r o t o t y p e s is a v a i l a b l e whereas we s t r i v e 
f o r d e r i v i n g 3D d e s c r i p t i o n s based s o l e l y on 
the observed image sequence and on genera l 
assumptions l i k e the r i g i d i t y h y p o t h e s i s . 
Moreover, a l l approaches quoted i n t h i s 
paragraph employ s imu la ted i npu t data r a t h e r 
than image sequences from r e a l - w o r l d 3D scenes 
as in our case. 

Th i s h i g h l y condensed survey o f the r e c e n t l y 
pub l i shed l i t e r a t u r e should i l l u s t r a t e the 
c o n d i t i o n s which c h a r a c t e r i z e our approach: a 
mode l - f r ee d e r i v a t i o n of 3D d e s c r i p t i o n s based 
o n p e r s p e c t i v e p r o j e c t i o n s o f moving r i g i d 
o b j e c t s f rom r e a l - w o r l d scenes as recorded in 
r e a l - t i m e by a monocular TV-frame sequence. 

2. Decomposi t ion of our Approach 

The d i s c u s s i o n o f t he r e l e v a n t l i t e r a t u r e i n 
t he p reced ing s e c t i o n rough ly r e f l e c t e d the 
main s teps in our system: 

( i ) i s o l a t i o n o f nons ta t i ona ry image areas 
around the image of a moving o b j e c t ; 

( i i ) e x t r a c t i o n o f d e s c r i p t o r s from the 
subimage cor respond ing to one o b j e c t ; 

( i i i ) s o l u t i o n o f t he correspondence problem 
by matching d e s c r i p t o r s between 
consecu t i ve f rames; 

( i v ) d e r i v a t i o n o f a r i g i d 3D p o i n t 
c o n f i g u r a t i o n and i t s f rame- to - f rame 
mot ion r e l a t i v e t o the camera; 

(v) d e t e r m i n a t i o n o f the convex h u l l f o r 
t h i s 3D p o i n t c o n f i g u r a t i o n as an 
approx ima t ion to a vo lume t r i c model of 
t he moving o b j e c t . 

I n o rder t o assess the r e s u l t , the convex h u l l 
can be p r o j e c t e d back i n t o each image frame 
us ing computer g raph ic methods i n c l u d i n g h idden 
l i n e removal and su r face shading. Th i s 
b a c k p r o j e c t i o n can be compared v i s u a l l y w i t h 
the o r i g i n a l o b j e c t image i n the cor respond ing 
f rame. 

Step ( i ) is based on an approach descr ibed by 
J a i n and Nagel [ 2 0 ] . D e t a i l s about the 
d e s c r i p t o r e x t r a c t i o n and the i n t e r f r a m e 
matching o f d e s c r i p t o r s w i l l b e d iscussed i n 
subsequent s e c t i o n s . The f i f t h s e c t i o n w i l l 
o u t l i n e t h e d e r i v a t i o n of 3D d e s c r i p t i o n s and 
p resen t v a r i o u s r e s u l t s . The f i n a l s e c t i o n w i l l 
d i scuss areas where f u r t h e r research i s 
r e q u i r e d in o rder to o b t a i n a more robus t 
approach, t o r e f i n e the d e s c r i p t i o n o r t o 
extend i t s range o f a p p l i c a b i l i t y . 

3 . E x t r a c t i o n o f D e s c r i p t o r s f o r Ob jec t Po in t 
Candidates 

Desp i te ex tens i ve expe r imen ta t i on , no 
segmentat ion a l g o r i t h m is known to us which 

cou ld r e l i a b l y decompose d i g i t i z e d TV-images 
from r e a l - w o r l d scenes i n t o s e m a n t i c a l l y 
mean ing fu l reg ions w i t h o u t recourse t o 
o b j e c t - s p e c i f i c knowledge. Radig and coworkers 
segmented images from b l ockswo r l d scenes, 
f i t t e d s t r a i g h t l i n e segments t o r e g i o n 
boundar ies , and se lec ted an i n t e r s e c t i o n o f 
such s t r a i g h t l i n e segments as cand ida te f o r a 
ve r t ex image of a b lock [ 2 2 , 3 9 ] . An ex tens i on 
of such an approach to images of - f o r example 

ca rs d i d no t appear to be immedia te ly 
f e a s i b l e . 

I n s p i r e d by the work of Barnard and Thompson 
[ 2 , 3 ] , we se t ou t to s e l e c t an image p o i n t 
w i t h a h i g h g reyva lue va r i ance i n f ou r 
d i r e c t i o n s - a "co rner p o i n t " - as a cand ida te 
f o r t he image o f an i d e n t i f i a b l e p o i n t on the 
o b j e c t s u r f a c e . Barnard and Thompson [ 2 , 3 ] 
employed an ope ra to r proposed and used by 
Moravec [ 2 6 , 27, 2 8 ] . D e t a i l e d i n v e s t i g a t i o n s 
showed however, t h a t t h i s ope ra to r cou ld no t 
cope adequate ly w i t h da ta such as o u r s . 

We began t h e r e f o r e , to i n v e s t i g a t e the l o c a t i o n 
o f extreme va lues o f t he l o c a l g reyva lue 
c u r v a t u r e as a f u n c t i o n o f the r a s t e r p lane 
c o o r d i n a t e s . Beaudet [ 4 ] descr ibed ope ra to rs t o 
compute these cu rva tu res from d i g i t i z e d images. 
Since the Gaussian c u r v a t u r e i s t he p roduc t o f 
the two main c u r v a t u r e s , i t appeared a t t r a c t i v e 
i n i t i a l l y t o s e l e c t l o c a l extrema o f the 
Gaussian c u r v a t u r e as the c h a r a c t e r i s t i c o f 
cand idates f o r images o f impor tan t o b j e c t 
p o i n t s . Exper ience has shown, however, t h a t 
such extrema of Gaussian c u r v a t u r e appear o f t e n 
a long l i n e s o f pronounced g reyva lue 
t r a n s i t i o n s : one o f the two main cu rva tu res i s 
very l a r g e due to the s teep g reyva lue 
t r a n s i t i o n , b u t the o t h e r one (a long the 
d i r e c t i o n o f a l i n e a r t r a n s i t i o n f r o n t ) i s 
r a t h e r sma l l and may change i t s va lue more or 
l ess due to n o i s e . Never the less , t he p roduc t o f 
these two can g i v e r i s e t o s i z a b l e extrema. 

The c h a r a c t e r i s t i c g reyva lue d i s t r i b u t i o n 
around an image p o i n t of i n t e r e s t to us may be 
l i k e n e d to a promontory w i t h s teep s lopes , 
ex tend ing i n t o the sea w i t h an acute angle o f 
t he shore l i n e - see, e . g . , t he l e f t upper 
corner o f t he rea r car window i n f i g s , l b o r 
l b : t h e dark greyva lues o f t h e window 
correspond to the promontory and the 
su r round ing b r i g h t car body to the sea. A 
m a g n i f i c a t i o n o f t h i s image area i s g i ven i n 
f i g . 2 where b r i g h t p i x e l s correspond t o sma l l 
g reyva lues and dark p i x e l s to l a r g e ones 
(g reyva lues extend between 0 and 255) . 

At t he p i n n a c l e of t he promontory, we have a 
l o c a l minimum of bo th main cu rva tu res because 
t h e r e the i n t e n s i t y drops towards t h r e e 
d i r e c t i o n s ( n o r t h , west , and s o u t h ) . Around t he 
s h o r e l i n e , we expect a l o c a l minimum (see 
remark above) of one main c u r v a t u r e - t he one 
cor respond ing t o the bend i n the s h o r e l i n e . 
Moreover, t he second main c u r v a t u r e must 
e x h i b i t a n extremum o f oppos i t e s i g n i n t h i s 
image area because the s teep s lope of t h e 
promontory c l i f f has t o f l a t t e n ou t i n t o the 
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sur round ing sea. Thus, we expect a l o c a l 
minimum of the Gaussian c u r v a t u r e somewhere in 
the sea c l ose to the t i p o f t he promontory -
the produc t o f b o t h main cu rva tu res which have 
oppos i t e s i g n i n t h i s s i t u a t i o n . 

F i g . 2 p resen ts the numer ica l va lues o f the 
r e l e v a n t parameters f o r a l l p i x e l s i n the 
en la rged s e c t i o n . The g reyva lue i s g i ven i n the 
upper l e f t c o r n e r . The t o p number a t t he r i g h t 
s i de o f each p i x e l area rep resen ts the more 
p o s i t i v e main c u r v a t u r e , t he second number from 
above the sma l l e r one ( i . e . more towards the 
nega t i ve ) o f the two main c u r v a t u r e s . The t h i r d 
number represen ts the Gaussian c u r v a t u r e , i . e . 
t he product o f the two numbers above i t . The 
l i n e w i t h i n each p i x e l area i n d i c a t e s the 
o r i e n t a t i o n o f the more p o s i t i v e main 
c u r v a t u r e . Gaussian cu rva tu res p r i n t e d w h i t e on 
dark background represen t the l o c a l extrema 
se lec ted by the a l g o r i t h m . We now s e l e c t as a 
cand ida te f o r t he image o f an impor tan t o b j e c t 
p o i n t the p i x e l w i t h the s teepes t g reyva lue 
s lope a long the l i n e which connects the 
l o c a t i o n o f t he maximum w i t h the l o c a t i o n o f 
t he minimum of t he Gaussian c u r v a t u r e . Only one 
o f the two main cu rva tu res can change i t s s i g n 
i f we t r a c e a long t h i s l i n e from the minimum to 
t he maximum of the Gaussian c u r v a t u r e . The 
s teepes t g reyva lue s lope occurs where t h i s main 
c u r v a t u r e crosses ze ro . We s t i p u l a t e two 
a d d i t i o n a l checks t h a t we have indeed combined 
a proper p a i r o f extrema f o r the Gaussian 
c u r v a t u r e : 

a ) the o r i e n t a t i o n o f the main c u r v a t u r e which 
changes i t s s i g n between t he two extrema must 
indeed p o i n t i n t o the d i r e c t i o n o f the 
assoc ia ted extremum w i t h oppos i t e s i g n o f the 
Gaussian c u r v a t u r e -
fa ) the g reyva lue a t the l o c a t i o n o f the maximum 
o f the Gaussian c u r v a t u r e must be l a r g e r ( i . e . 
darker in t h i s example - p i n n a c l e 1) than the 
g reyva lue a t the assoc ia ted l o c a t i o n o f the 
Gaussian cu rva tu re minimum (extremum w i t h 
nega t i ve s i gn - a t the base o f the c l i f f corner 
1 ) . 

A l i t t l e w h i t e square i s en tered i n f i g . 2 a t 
the cen te r o f t he p i x e l area which corresponds 
to these c o n d i t i o n s . As w i l l be seen, t h e r e are 
o t h e r extrema of t he Gaussian c u r v a t u r e . A 
c u t o f f r ad i us o f D=4 p i x e l s i s used to exc lude 
extrema from be ing t e n t a t i v e l y combined to form 
a cand idate p o i n t . The cu rva tu res have been 
computed w i t h the 5x5 p i x e l ope ra to r s o f 
Beaudet [ 4 ] . Since t h i s r e s o l u t i o n appeared t o 
be s l i g h t l y t o o coarse, we r e f i n e d the 
cand ida te l o c a t i o n s by r e p e a t i n g the search 
w i t h 3x3 o p e r a t o r s . Since such a sma l le r 
ope ra to r mask i s more s e n s i t i v e t o n o i s e , i t i s 
a p p l i e d o n l y in environments where the 5x5 
ope ra to r responded s t r o n g l y . The r e s u l t o f t h i s 
re f inement s tep i s presented i n f i g . 3 . 

In o rder to avo id m isunders tand ing , we do no t 
c l a i m to have a method by which we can r e l i a b l y 
de tec t the images of prominent p o i n t s on a 3D 
o b j e c t s u r f a c e . Our exper ience on l y i n d i c a t e s 

t h a t we can s e l e c t a reasonable set of 
cand idates f o r such p o i n t s . Suppor t ing evidence 
f rom o the r frames i s r e q u i r e d t o f i l t e r ou t 
those cand idates which appear to be indeed 
images from 3D o b j e c t p o i n t s . Such evidence can 
be ob ta ined by f i n d i n g cor responding cand ida tes 
in ne ighbor ing frames - and by a success fu l 3D 
d e s c r i p t i o n which appears to be compat ib le w i t h 
obse rva t i ons th roughout an image sequence. 

4 . I n t e r f r a m e Matching o f Candidate D e s c r i p t o r s 

We used the r e l a x a t i o n approach descr ibed by 
Barnard and Thompson [ 3 ] . Since our d e s c r i p t o r s 
ca tch more o f the r e l e v a n t g reyva lue s t r u c t u r e 
than the Moravec ope ra to r employed by these 
au tho rs , we cou ld exc lude cand ida te matches 
where the s i g n o f the main cu rva tu res a t the 
cor respond ing extrema of the Gaussian cu r va tu re 
d i d not match. The d e t a i l s o f the r e l a x a t i o n 
procedure used here d i f f e r from t h a t descr ibed 
by Barnard and Thompson [ 3 ] , see [ 1 2 , 1 3 ] . 

Every o the r frame between those shown in f i g s , 
la and l b , i . e . a t o t a l of 12 frames has been 
t r e a t e d in t h i s manner. The d e s c r i p t o r s matched 
th rough the r e l a x a t i o n procedure between 
consecu t i ve p a i r s o f frames are chained 
t o g e t h e r . F i g . 4 d e p i c t s the r e s u l t i n g cha ins 
o f d e s c r i p t o r l o c a t i o n s , anchored a t the car 
image from f i g . l b . Operator i n t e r a c t i o n cou ld 
be used to d e l e t e chains which appear 
u n r e l i a b l e , f o r example very sho r t ones or 
those connected to an c l u t t e r e d image a rea . 

5. 3D D e s c r i p t i o n and Resu l ts 

A m i n i m i z a t i o n approach has been developed 
which is based on the hypo thes is t h a t the image 
l o c a t i o n s o f a l l d e s c r i p t o r s must be exp la ined 
by a r i g i d 3D c o n f i g u r a t i o n of p o i n t s which 
t r a n s l a t e and r o t a t e from frame to frame 
r e l a t i v e t o the camera ( f o r d e t a i l s see [ 3 1 ] ) . 
As exp la ined in s e c t i o n 2, a convex h u l l is 
computed f o r the 3D p o i n t c o n f i g u r a t i o n in 
o rder to b e t t e r v i s u a l i z e t h e i r 3D arrangement. 
The edges o f the convex h u l l cor respond ing to 
the measurements d iscussed e a r l i e r have been 
p r o j e c t e d back i n t o the image o f f i g . l a . Th i s 
i s p o s s i b l e because the r e l a t i v e l o c a t i o n and 
a t t i t u d e o f the 3D p o i n t c o n f i g u r a t i o n w i t h 
respec t to the camera coo rd i na te system have 
been determined in the course o f the 
m i n i m i z a t i o n f o r each frame used. Th i s 
knowledge enables the suppress ion of edge l i n e s 
which are h idden by the o b j e c t i t s e l f i n the 
d e p i c t e d p o s i t i o n - see f i g . 5 . I t should be 
r e a l i z e d t h a t the b a c k p r o j e c t i o n may c o n t a i n 
v e r t i c e s which need not have been e x t r a c t e d 
from the c u r r e n t f rame. The v e r t i c e s o f the 
convex 3D h u l l rep resen t t he g l o b a l d e s c r i p t i o n 
o f a l l obse rva t i ons throughout the eva lua ted 
f r a c t i o n o f the image sequence. 

Since t he l o c a t i o n and a t t i t u d e o f the convex 
h u l l r e l a t i v e to the camera i s known f o r each 
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frame t i m e , i t i s p o s s i b l e t o d e p i c t the convex 
h u l l w i t h a h y p o t h e t i c a l i l l u m i n a t i o n 
p rov i ded one assumes a r e f l e c t i v i t y law f o r the 
faces o f t he convex h u l l . A s imple cho ice i s to 
assume Lamber t ' s law. F i g . 6 d e p i c t s the convex 
h u l l co r respond ing t o f i g . 5 , b u t i l l u m i n a t e d 
by a h y p o t h e t i c a l l i g h t source behind t h e 
camera. Resu l t s f rom a d d i t i o n a l frames o f t h i s 
sequence as w e l l as f rom o t h e r sequences cannot 
be presented due to space l i m i t a t i o n s . 

6 . Conc lus ion 

We have presented an approach f o r the 
e x t r a c t i o n o f 3D d e s c r i p t o r s f o r moving r i g i d 
o b j e c t s f rom monocular TV-frame sequences of 
r e a l - w o r l d scenes. C u r r e n t l y , we approximate a 
v o l u m e t r i c r e p r e s e n t a t i o n o f the moving o b j e c t 
by the convex h u l l o f the 3D p o i n t 
c o n f i g u r a t i o n which can be ob ta ined by the 
methods desc r ibed above. I t i s obv ious t h a t the 
3D o b j e c t d e s c r i p t i o n should be improved by 
e x t r a c t i n g more i n f o r m a t i o n about i t f rom the 
frames than merely t he g reyva lue " c o r n e r s " . 

There are seve ra l areas where we want to 
improve our approach. One subproblem is a more 
r e l i a b l e and more accura te es t ima te of t he mask 
cove r i ng t he image o f the moving o b j e c t in each 
f rame. Fur thermore , we have to s tudy our 
approach f o r e x t r a c t i o n o f d e s c r i p t o r s more 
e x t e n s i v e l y . There i s t h e q u e s t i o n , by which 
methods i t might be p o s s i b l e t o s e l e c t those 
d e s c r i p t o r s which are indeed images of 
i d e n t i f i a b l e p o i n t s o n the o b j e c t s u r f a c e . I t 
i s tempt ing t o e x p l o i t approximate knowledge 
about t he o b j e c t and i t s mot ion as ob ta ined 
f rom an i n i t i a l e v a l u a t i o n of an image sequence 
in o rder to r eeva lua te t he same image sequence. 
Such knowledge cou ld be e x p l o i t e d to segment 
subimages c o n t a i n i n g t he moving o b j e c t and to 
use i n f e r e n c e processes to exc lude d e s c r i p t o r s 
i ncompa t i b l e w i t h the segmentat ion r e s u l t s . An 
a l t e r n a t i v e would be to employ such knowledge 
to eva lua te an ex tens ion of t he image sequence 
cove r i ng a d d i t i o n a l o b s e r v a t i o n pe r i ods o f the 
same scene w i t h t h e same moving o b j e c t . 

Another problem area is t he techn ique used f o r 
i n t e r f r a m e matching o f d e s c r i p t o r s . A l t e r n a t i v e 
approaches have to be i n v e s t i g a t e d h e r e . We 
would l i k e , t o o , t o deve lop a l g o r i t h m s which 
screen the d e s c r i p t o r cha ins a l ready b e f o r e we 
use t h e i r 2D c o o r d i n a t e measurements f o r t he 
d e r i v a t i o n of a 3D p o i n t c o n f i g u r a t i o n . 

Desp i te a l l these open subproblems i t i s 
encouraging to know t h a t one may l e a r n at l e a s t 
an approx imate 3D o b j e c t d e s c r i p t i o n merely by 
obse rv ing the moving o b j e c t . I t thus appears 
p o s s i b l e to des ign a system where methods of 
model-based image a n a l y s i s and unders tand ing 
can be employed w i t h o u t p r o v i d i n g 
o b j e c t - s p e c i f i c models a p r i o r i . 
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