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Abstract 

Several methods f o r analyzing three dimensional 
scenes are discussed w i t h respect to t h e i r advan
tages and d i f f i c u l t i e s i n g e t t i n g r e a l three d i 
mensional coordinates. Stereo p i c t u r e processing 
and l i g h t i n t e r s e c t i n g methods are described along 
w i t h the r e s u l t of a new hardware system. On the 
example of a software system some special problems 
w i t h the a b s t r a c t i o n of scenes w i t h p r i m i t i v e ob
j e c t s are mentioned. A short look ahead to the 
f u t u r e closes t h i s paper. 

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

When designing a robot system, we have t o deal 
w i t h the problem of how the robot can get informa
t i o n about i t s environment. To get f u l l i n formation 
it seems to be necessary to design a v i s u a l input 
f a c i l i t y . Therefore there is the problem of how 
the automaton can get a three dimensional image 
of the world from v i s u a l i n f o r m a t i o n . 
This paper describes some systems, designed in the 
past, and t r i e s to p o i n t out t h e i r problems and 
d i f f i c u l t i e s . S t a r t i n g from these considerations, 
a new system i s presented w i t h which some of the 
w e l l known d i f f i c u l t i e s may be overcome. 

2. Stereo p i c t u r e s 

For i n t e r p r e t a t i o n of stereo p i c t u r e s the system 
needs two p i c t u r e s of the same scene, taken from 
d i f f e r e n t viewing angles ( f i g . 1). Provided t h a t 

the two camera p o s i t i o n s P1 and P2 and the angles 
a and B are known, the three dimensional c o o r d i 
nates of the p o i n t B of the scene can be c a l c u l a 
ted. The main problem in stereo p i c t u r e processing 
i s t o d e f i n e two conjugate p o i n t s i n the stereo 
p a i r . A f t e r the d e f i n i t i o n o f one point i n the 
f i r s t p i c t u r e , the corresponding p o i n t i n the se
cond p i c t u r e must be located. This can only be 
done i f the p i c t u r e p o i n t contains s i g n i f i c a n t i n 
formation, e.g. a corner p o i n t . This means t h a t we 
have t o deal w i t h two d i f f e r e n t problems: f i r s t , 
we have t o d e f i n e a s i g n i f i c a n t p o i n t i n a f i r s t 
p i c t u r e , and second, we have to recognize the cor
responding p o i n t i n the second p i c t u r e . I n order 
t o solve the f i r s t problem we have t o apply time-
consuming preprocessing methods l i k e edge enhance
ment, e t c . The second problem can be solved by two 

dimensional l o c a l c o r r e l a t i o n methods f\/. Because 
o f these d i f f i c u l t i e s , stereo methods are not used 
in f u l l y automatic systems since now. 

3. L i g h t i n t e r s e c t i n g methods 

I n a l l methods described below, i l l u m i n a t i o n o f 
the scene is regarded as a p a r t of the recognizing 
system. Then a l l v i s i b l e p o i n t s o f a scene f i t w i t h 
a s t r a i g h t l i n e of l i g h t or w i t h an i l l u m i n a t i n g 
plane o f l i g h t . With t h i s information the three d i 
mensional coordinates o f a l l v i s i b l e p o i n t s can b e 
c a l c u l a t e d from t h e i r two dimensional coordinates 
i n the p i c t u r e . Using t h i s p r i n c i p a l several sys
tems were designed. 

3.1 Laser range f i n d e r 

The laser range f i n d i n g system uses a plane of 
l i g h t w i t h known o r i e n t a t i o n i n space f o r i l l u m i 
n a t i o n of the scene. The plane of l i g h t is genera
ted w i t h a laser and a c y l i n d r i c a l lens. In such 
an i l l u m i n a t e d scene the camera is able to see 
only the i n t e r s e c t i n g l i n e of the l i g h t plane and 
the surface of the scene. The camera takes a com
p l e t e p i c t u r e o f t h i s image and transmits i t t o 
the computer f o r f u r t h e r processing and e x t r a c t i o n 
of three dimensional coordinates of the i n t e r s e c 
t i n g l i n e . By moving the l i g h t source step by step 
across th whole scene, the process of t r a n s m i t t i n g 
p i c t u r e s and c a l c u l a t i n g s p a t i a l coordinates i s r e 
peated. I t i s evident t h a t there i s a large amount 
of data being t r a n s m i t t e d and processed, one p i c 
tu r e per l i n e , containing very l i t t l e i n f o r m a t i o n . 
Therefore the system is i n t o l e r a b l y timeconsuming, 
Agin and B i n f o r d /5/ need about 5 to 10 minutes 
per scene. 

3.2 P a r a l l e l g r i d i l l u m i n a t i o n 

In order to get quick r e s u l t s from the system, one 
must t r y to take the complete information of the 
scene w i t h only one p i c t u r e , i . e . the scene has to 
be i l l u m i n a t e d w i t h a l l planes of l i g h t a t the same 
time. The simplest way to do t h i s is to use an op
t i c a l g r i d , being projected cnto the scene. 
Processing of the p i c t u r e could be done by t r a c i n g 
the images of the i n t e r s e c t i n g l i n e s in the p i c 
t u r e . Computation of three dimensional coordinates 
can b e done c o r r e c t l y only, i f i t i s possible t o 
i d e n t i f y the images o f the l i n e s o f l i g h t i n the 
p i c t u r e by t h e i r mathematical equations. This prob
lem causes some r e s t r i c t i o n s t o t h i s method: 

a) The camera has to be adjusted in such a way 
t h a t the p i c t u r e s contain p a r t s of the 
ground surface. 

b) Shadows, i n t e r r u p t i n g the image o f a l i n e , 
cause the system to stop t r a c i n g the l i n e . 

c) The camera p o s i t i o n must be chosen in such 
a way t h a t l i n e s , running on the top surface 
of an object,can be d i s t i n g u i s h e d from those 
running on the ground surface behind the obj 
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d) Scenes w i t h more than one object must not 
have hidden planes of objects. 

In order t o b e able t o i d e n t i f y the l i g h t l i n e s b y 
t h e i r mathematical equations i t i s necessary t h a t 
the l i n e s s t a r t from the ground surface w i t h known 
p o s i t i o n . 
Other d i f f i c u l t i e s a r i s e i n the e v a l u a t i o n o f inner 
and outer parameters of the camera ( p o s i t i o n , e l e 
v a t i o n , r o t a t i o n and focus), e s p e c i a l l y when more 
than one parameter is v a r i a b l e . I.E. Sobel sugges
ted a method to solve t h i s problem by imaging a 
scene w i t h an o b j e c t of known size and o r i e n t a t i o n 
/2/. I f the i d e n t i t y o f one l i n e i s determined, a l l 
points on t h i s l i n e can be aomputed w i t h t h e i r 
three dimensional coordinates. But e r r o r s may occur 
i f a l i n e i s i n t e r r u p t e d by shadows or other objects 
o r i f there e x i s t s a t r a n s i t i o n from one l i n e t o 
another, generated by the p r o j e c t i o n of the camera 
( f i g . 2). 
I f a l l these r e s t r i c t i o n s are considered and found 
t o l e r a b l e to the concrete a p p l i c a t i o n , t h i s method 
seems to be a guick p o s s i b i l i t y t o analyze three 
dimensional scenes. For processing a p i c t u r e w i t h 
256 x 256 sanples, containing 25 l i n e s of light, 

our computer CDC 3300 requires about 30 seconds t o 
compute the complete three dimensional coordinates 
of the l i n e s . 

3.3 Grid and p o i n t i l l u m i n a t i o n 

I f the r e s t r i c t i o n s remarked i n 3.2 are i n t o l e r a b l e 
b e t t e r r e s u l t s can be achieved by combining two d i f 
f e r e n t p i c t u r e s o f one scene, taken by the same ca
mera i n the same p o s i t i o n : one p i c t u r e contains the 
image of the g r i d i l l u m i n a t e d scene and the other 
contains the same scene, i l l u m i n a t e d by a p o i n t 
l i g h t source. I n many cases edges, missing i n a 
g r i d i l l u m i n a t e d scene, are p r e c i s l y imaged in a 
corresponding p o i n t i l l u m i n a t e d scene and v i c e 
versa as shown in f i g . 3 . The combination process 
could be done by three consecutive steps: F i r s t we 
process the g r i d i l l u m i n a t e d scene as f a r as pos
s i b l e and compute the three dimensional scene coor
dinates. Then we do some contour f i n d i n g process 
i n the p o i n t i l l u m i n a t e d image and get a l i s t o f 
contours. Then i n a t h i r d step we generate a two 
dimensional image out of the computed three dimen
s i o n a l coordinates, containing those contours found 
i n the f i r s t step. Then we are able t o combine both 
two dimensional contour p i c t u r e s g e t t i n g a p i c t u r e 
containing a l l contours from both images. 

3.4 Hardware e x t r a c t i o n of three dimensional 
coordinates 

I n a l l l i g h t i n t e r s e c t i n g methods f o r analyzing 
three dimensional scenes described above, one of 
the three coordinates is computed from the data of 
i l l u m i n a t i o n and two coordinates from the data of 
the p i c t u r e . This can be changed so,that two coor
dinates are derived from the i l l u m i n a t i o n and o n l y 
one coordinate from the camera. Then we get subsys
tems which can be b u i l t e a s i l y i n hardware, being 
not too expensive. 
The scene i s i l l u m i n a t e d by a s i n g l e beam of l i g h t , 
generated by a l o c a l l y f i x e d laser and d e f l e c t e d 
under computer c o n t r o l by an e l e c t r o o p t i c a l d e f l e c 
t i o n system. The scene is scanned s y s t e m a t i c a l l y 
and i n each p o s i t i o n o f the laser beam, the two 
equations d e s c r i b i n g the s t r a i g h t l i n e o f the l i g h t 

beam i n space are w e l l known. P r o j e c t i o n o f the 
scene i s made by a c y l i n d r i c a l lens onto a one 
dimensional camera, designed as a l i n e of photo d i 
odes of OCD-technology. Thus each sensor of the ca
mera represents a plane in space as shown in f i g . 4 

Only the i n t e r s e c t i n g p o i n t of t h i s plane and the 
s t r a i g h t l i n e , formed by the d e f l e c t e d laser beam, 
is v i s i b l e to the system, so three dimensional co
ordinates can be computed d i r e c t l y without any p i c 
ture processing. As t h i s system measures three d i 
mensional coordinates o f c n l y one p o i n t of the scene 
at one time, there are n o r e s t r i c t i o n s to the scene 
as mentioned in 3.2, which derived from the p a r a l 
l e l g r i d i l l u m i n a t i o n . 
The time r e q u i r e d f o r processing a whole scene de
pends on the distance between o b j e c t and camera be
cause of the quadratic dependance of the s e n s i t i v i 
ty of the camera. Scanning a scene w i t h a r e s o l u 
t i o n of 256x256 p o i n t s is expected to r e q u i r e 3 to 
7 seconds /3/. F i g . 5 shows the complete system. 

4. Experimental system 

In order to study the above mentioned problems an 
experimental system was b u i l t , containing a i l p a r t s 
from scanning the scene u n t i l c l a s s i f i c a t i o n of 
objects ( f i g . 6 ) . As an input device a TV camera 
w i t h a zoom lens i s used ( f i g . 7 ) . M a p t i o n of data 
r a t e s i s made by an analog scan conversion memory. 
The camera w r i t e s w i t h european IV r a t e (19.7 Mbit 
per second) i n t o the memory and the computer reads 
out w i t h i t s own r a t e (about 2 Mbit/sec) . A l l o t h e r 
p a r t s o f the experimental system are b u i l t i n s o f t 
ware running on a CDC 3300 w i t h 32K core. 

4.1 P i c t u r e processing 

The scene i s i l l u m i n a t e d w i t h p a r a l l e l g r i d l i g h t , 
generated by a s l i d e p r o j e c t o r . I h e r e f o r e p i c t u r e 
preprocessing such as c o n t r a s t enhancement is not 
necessary. With a t r a c i n g a l g o r i t h m , f o l l o w i n g the 
l o c a l maximum of grey l e v e l , the computer generates 
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cha in encoded data s t r i n g s , which represent the 
i l l u m i n a t e d l i n e s in the p i c t u r e . F i g . 8 shows the 
g r i d i l l u m i n a t e d (a) and the t raced (b) scene. 

4.2 Abs t rac t i on of scene 

The process of a b s t r a c t i o n , descr ibed below, works 
w i t h a l l su r faces , which cou ld be descr ibed ana ly 
t i c a l , bu t the c u r r e n t sof tware system i s r e s t r i c 
t e d t o s imple o b j e c t s w i t h p lane sur faces l i k e 
cubes, wedges, pyramides e t c . In order to de f i ne 
the contours o f these ob jec ts i t i s necessary t o 
e x t r a c t those p o i n t s of the data s t r i n g s , were a 
s i g n i f i c a n t change o f d i r e c t i o n occurs ( f i g . 9 ) i n 
the chain encoded da ta . A f t e r t h a t , th ree d imensio
na l coord inates o f a l l po i n t s on edges are computed, 
bu t t h a t can on l y be done c o r r e c t l y i f i d e n t i f i c a 
t i o n o f l i n e s i s c o r r e c t . Th is sometimes f a i l s , as 
shown in f i g . 10. The f a i l u r e is caused by the 
narrow l i n e s on the l e f t v e r t i c a l p lane o f the cube 
so t h a t on top the l a s t l i n e is connected w i t h a 
wrong h o r i z o n t a l l i n e on the ground. 
Because o f systemat ic e r r o r s , the e x t r a c t i o n o f 
th ree d imensional coord inates is always w i t h i n some 
f a i l u r e range. Beyond t h i s , by us ing g r i d i l l u m i n a 
t i o n , in some cases corners of o b j e c t s may on ly be 
e x t r a c t e d b y i n t e r p o l a t i o n between p o i n t s o f d i f f e 
r e n t edges. Both problems can be so lved by us ing 
the f a c t t h a t a scene is r e s t r i c t e d to s imple ob
j e c t s w i t h p lane su r faces . That means t h a t some of 
the e x t r a c t e d p o i n t s always form a s t r a i g h t l i n e in 
space and t h a t some s t r a i g h t l i n e s must form a 
p lane . The nex t s tep is to check which p o i n t s form 
a s t r a i g h t l i n e and which edges form a p lane of the 
o b j e c t . In bo th cases, the same d e c i s i o n r u l e in 
used. I n the f o l l o w i n g , the a l g o r i t h m i s exp la ined 
f o r the e x t r a c t i o n o f p lane su r faces . 
The s t r a i g h t l i n e s are de f i ned by t h e i r s t a r t i n g 
and ending p o i n t s P . F ixed by a minimum data se t 
(3 p o i n t s f o r a plane) the equat ion f o r the f i r s t 
p lane f- is computed (f ig.11). Then the d is tance 
d r between t h i s f i r s t p lane and a next p o i n t (IV) 
is computed and checked aga ins t a th resho ld £ . I f 
the d is tance d5 is l ess than £ , then the p o i n t P, 
belongs to the same plane ( f i g . 1 1 b) and the equa
t i o n o f the plane is recomputed by regress ion ana
l y s i s us ing the p o i n t s P-, P-, P . and P. . Th is a l 
gor i thm i s repeated f o r a l l ne ighbor ing p o i n t s . 
F ig .11 c-e shows the complet ion of a cube. 

The i n t e r s e c t i o n of the two planes f- and f? forms 
the f i n a l v e r t i c a l edge o f the cube ( f i g . 12) . 
A f t e r t h a t , a l l coord inates are changed so t h a t 
they f i t w i t h the equat ions o f the p lanes. 

4.3 Data s t ructure 

With the computed points and planes a three dimen
s iona l , h i e ra rch i ca l , r i ng or iented data s t ructure 
is generated. The complexity of objects is r e s t r i c 
ted to a maximum of 200 po in ts , 200 edges and 60 
planes, where up to 10 edges are allowed to touch 
the same point.These r e s t r i c t i o n s are given by the 
l im i t ed working storage capacity of the computer. 
In add i t i on , the experimental system contains par ts 
fo r mainpulat ing data st ructures ( ro ta t i on , t rans
l a t i o n , scal ing) and presenting them on a d isp lay. 

4.4 C lass i f i ca t i on of three dimensional objects 

Tne las t block in the experimental system is f o r 
med by a c l a s s i f i c a t o r which compares data s t ruc
tures of known objects against the descr ip t ion of 
an unknown input ob ject . The features fo r c l a s s i 
f i c a t i o n are: 

In order to be able to c lass i f y three dimensional 
objects i t is u l t imate ly necessary to be indepen-
dant of the given or ien ta t ion of the object in the 
scene. Therefore c l ass i f i ca t i on must be done i n 
var iant to r o ta t i on and t rans la t ion of objects. 
By cont ro l of parameters the user is able to spe
c i f y size invar ian t or size sensi t ive c l a s s i f i c a 
t i o n . Furthermore he can get resu l ts dealing w i th 
scal ing and d i s t o r t i o n of ob jects . F i g . 13 shows 
an example of data structures presented on a d i s 
play together w i th the resu l t of a c l a s s i f i c a t i o n : 
DREIBEIN was i d e n t i f i e d to be the same object as 
DREIB10 and DREIB11. 
The c l a s s i f i c a t i o n process i t s e l f is done by r o 
t a t i n g , t rans la t i ng and scal ing the unknown object 
u n t i l i t f i t s w i th one or more of the known ob
j ec t s . The c l a s s i f i c a t i o n is very quick: To iden
t i f y the object Dreibein in f i g . 13, the CDC 3300 
requires about 0.8 seconds. 
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5. To the f u t u r e 

The described experimental system is able to ana
lyze scenes c o n s i s t i n g of one object w i t h plane 
surfaces. I n v e s t i g a t i o n s on more complex scenes 
present a l o t of d i f f i c u l t i e s as shown i n 3.2. 
Therefore the system mentioned in 3.3 is proposed 
to avoid these d i f f i c u l t i e s . 
Furthermore there are. no c r i t e r i a f o r seperation 
of complex objects. Several c r i t e r i a axe being 
considered, such as "as large as possible", "num
ber of planes as few as possible", "as compact as 
p o s i i b l e " etc. 
F i r s t e f f o r t s w i t h hidden l i n e s have been published 
f o r the two dimensional case /4/. This method w i t h 
a successive eliminations of objects and hypothetic 
completions of hidden l i n e s seems to be w e l l s u i t e d 
also for the three dimensional case. 
Research i n the past has shown t h a t the l i g h t i n 
t e r s e c t i n g methods are p r a c t i c a l f o r analyzing 
three dimensional scenes, e s p e c i a l l y in cases w i t h 
a f i x e d working space. One can t h i n k of applica
t i o n s like, nuclear research centers in so c a l l e d 
hot c e l l s , f o r mounting on assembly b e l t s and also 
for i n t e l l i g e n t robots i n space f l i g h t missions 
or remote sensed i d e n t i f i c a t i o n of vehicles and 
a i r c r a f t . 
Examination of objects w i t h curved surfaces and 
t h e i r d e s c r i p t i o n in a computer is a hard problem 
w i t h no p r a c t i c a l s o l u t i o n at hand. Curved s u r f a 
ces can be described by approximation w i t h many 
small planes /6/. Approximation by generalized 
cylinders reduces the amount f o r d e s c r i p t i o n , but 
there are no s a t i s f a c t o r y r e s u l t s /5/. It seems 
t h a t scanning and p i c t u r e processing in r o b o t i c s 
is a solvable problem, but d e s c r i p t i o n of objects 
requires more research i n that f i e l d . 
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