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ABSTRACT 

T h i s c o n t r i b u t i o n i s c o n c e r n e d w i t h 
n a t u r a l l a n g u a g e d i a l o g u e a b o u t s c e n e s 
w i t h m o v i n g o b j e c t s . Two s y s t e m s a r e 
c o n n e c t e d , a n a t u r a l l a n g u a g e d i a l o g u e 
s y s t e m o r i g i n a l l y c o n c e i v e d f o r s t a t i c 
s c e n e s and a n e m e r g i n g s c e n e a n a l y s i s 
s y s t e m f o r r e a l - w o r l d T V - f r a m e s e q u e n c e s . 
The l a t t e r p r o d u c e s t i m e d e p e n d e n t o b j e c t 
d e s c r i p t i o n s w h i c h s e r v e a s a r e f e r e n t i a l 
d a t a b a s e f o r i n q u i r i e s . The t i m e 
i n t e r v a l s r e l e v a n t f o r a n s w e r i n g t h e 
q u e s t i o n s a r e d e t e r m i n e d f r o m d o m a i n 
s p e c i f i c p a r a m e t e r s , t h e c o n t e x t o f t h e 
d i a l o g u e , t h e t e n s e o f t h e v e r b s and t i m e 
a d v e r b i a l s . F o r c h e c k i n g t h e 
c o r r e s p o n d e n c e b e t w e e n a v e r b a l l y 
s p e c i f i e d m o t i o n and a t r a j e c t o r y , 
p r e d i c a t e s a r e e v a l u a t e d w h i c h c a n b e 
d e d u c e d f r o m t h e v e r b ' s c a s e - f r a m e . 

I INTRODUCTION 

The s y s t e m d e s c r i b e d i n t h i s p a p e r i s 
d e s i g n e d t o a n s w e r y e s / n o q u e s t i o n s a b o u t 
m o v i n g o b j e c t s i n a r e c o r d e d r e a l - w o r l d 
s c e n e . Scene a n a l y s i s i s p e r f o r m e d 
i n d e p e n d e n t l y u p t o a l e v e l o f 
r e p r e s e n t a t i o n w h e r e e a c h f r a m e i s 
s y m b o l i c a l l y d e s c r i b e d b y o b j e c t names 
l i n k e d t o o b j e c t t y p e s and a s s o c i a t e d w i t h 
v i s i b l e p r o p e r t i e s l i k e p o s i t i o n , shape 
and c o l o r . I d e n t i c a l o b j e c t s i n 
s u c c e s s i v e f r a m e s a r e r e c o g n i z e d and g i v e n 
t h e same name. W e c a l l t h i s l e v e l o f 
r e p r e s e n t a t i o n , b e i n g s c e n e d e p e n d e n t , 
r e f e r e n t i a l k n o w l e d g e . 

Q u e s t i o n s a r e a s k e d i n n a t u r a l German 
l a n g u a g e a s s u m i n g t h e f o l l o w i n g p r a g m a t i c 
d i a l o g u e s i t u a t i o n : w e t e l e p h o n e w i t h 
a n o t h e r p e r s o n w h i c h i s s t a n d i n g a t a 
w i n d o w , and a s k q u e s t i o n s a b o u t t h e 
t r a f f i c s e e n f r o m t h i s p e r s o n ' s p o i n t o f 
v i e w . The n a t u r a l l a n g u a g e s y s t e m t r i e s 

t o a n s w e r a q u e s t i o n u s i n g t h e r e f e r e n t i a l 
k n o w l e d g e p r o v i d e d b y t h e s c e n e a n a l y s i s 
s y s t e m . 

The a r c h i t e c t u r e o f t h e s y s t e m h a s 
b e e n s t r o n g l y i n f l u e n c e d b y t w o 
i n d e p e n d e n t i n v e s t i g a t i o n s a t t h e 
U n i v e r s i t y o f H a m b u r g . The s c e n e a n a l y s i s 
s u b s y s t e m i s b e i n g d e v e l o p e d a s p a r t o f a 
r e s e a r c h e f f o r t t o w a r d s u n d e r s t a n d i n g r e a l 
w o r l d s c e n e s w i t h m o t i o n [ 1 ] . C u r r e n t 
w o r k c o n c e n t r a t e s o n s e p a r a t i n g m o v i n g 
o b j e c t s f r o m s t a t i c b a c k g r o u n d and 
d e t e r m i n i n g 3 D - s h a p e and t r a j e c t o r y o f 
t h e s e o b j e c t s . The d i a l o g u e s u b s y s t e m i s 
a d a p t e d f r o m HAM-RPM [ 2 , 3 ] w h i c h w o r k s 
w i t h a s t a t i c w o r l d o f d i s c o u r s e and h a s a 
l a r g e amoun t o f l i n g u i s t i c c a p a b i l i t i e s a t 
i t s d i s p o s a l , e . g . p r o n o u n r e s o l u t i o n , 
h a n d l i n g o f e l l i p t i c a l e x p r e s s i o n s , 
s p a t i a l r e l a t i o n s , q u a n t i f i e r s and 
r e s t r i c t i v e c l a u s e s a s w e l l a s t h e 
c a p a b i l i t y t o i n i t i a t e c l a r i f i c a t i o n 
d i a l o g u e s . 

B o t h s y s t e m s s h a r e a c o n c e p t u a l k n o w 
l e d g e b a s e w h i c h c o n t a i n s g e n e r a l k n o w 
l e d g e common f o r a l a n g u a g e u n d e r s t a n d i n g 
s y s t e m , a s w e l l a s i n f o r m a t i o n r e l e v a n t 
f o r v i s u a l l y r e c o g n i z i n g t h e o b j e c t s i n a 
s c e n e , e . g . o b j e c t shape d e s c r i p t i o n s . 
The r e f e r e n t i a l d a t a b a s e d e s c r i b e d e a r l i e r 
s e r v e s a s t h e m a i n c o m m u n i c a t i o n c h a n n e l 
b e t w e e n t h e t w o s u b s y s t e m s . 



Our aim is to answer questions l i k e 
(1) and (2 ) . 

(1) H i e l t der Bus an? 
(Did the bus stop?) 

(2) Fuhr danach das gelbe Auto an? 
(Did the yel low car s t a r t 
afterwards?) 

We emphasize a top-down approach where 
verba l isa t ions are processed in order to 
decide whether or not they proper ly 
describe a given image sequence. Most 
re la ted research e f f o r t s d i f f e r from our 
approach in tha t they der ive 
verba l i sa t ions bottom-up. For example the 
work of BADLER [ 4 ] which is f u r the r 
developed by TSOTSOS [ 5 ] o f f e r s motion 
conceptual isat ions which can be generated 
from image sequences and permit a crude 
ve rba l i sa t ion by simple t r a n s l a t i o n of 
concepts i n t o words. S i m i l a r i l y the 
systems of OKADA [ 6 ] or TSUJI ET.AL. [ 7 ] 
do not attempt to r e l a t e t r u l y na tu ra l 
language expressions to the analyzed 
movements. 

In t h i s con t r i bu t i on we discuss three 
types of const ra in ts which can be 
extracted from yes/no quest ions. They 
form the basis fo r a process which tes ts 
whether or not the symbolic scene 
representat ion corresponds to the i nqu i r y . 
Verb tense and time adverbials give r i s e 
to a temporal cons t ra in t which is t reated 
in the fo l low ing sec t ion . The verb and 
i t s deep-case s t ruc tu re usual ly imply 
ce r ta in t r a j e c t o r y shapes. This includes 
the verb 's manner of ac t ion which 
corresponds to t r a j e c t o r i e s s a t i s f y i n g 
p a r t i c u l a r l y simple shape predicates. 
F i n a l l y , an example is given where 
loca t ion const ra in ts can be der ived from 
the deep-case s t ruc tu re . 

II TENSE AND TIME 

Dialogues in our system re fe r to a 
sequence of images covering a ce r ta in time 
span [Tbeg,Tend]. With in these l i m i t s a 
time of speech Ts can be a r b i t r a r i l y 
chosen which synchronizes the dialogue 
w i th the scene. Ts is f i xed throughout 
the dia logue, although some not ion of 
progressing dialogue time is maintained 
fo r the purpose of modell ing dialogue 
context . The system cannot access 
r e f e r e n t i a l knowledge beyond Ts which 
marks the presence. 

We c a l l the subsequence of images 
which has to be regarded to answer a 

quest ion, the (t ime) i n t e r v a l of 
cons iderat ion. I t is mainly determined by 
the tense of the verb and possibly time 
adverb ia ls , but a lso by the domain 
( i . e . i t s t y p i c a l motions) and the course 
of the dialogue ( i . e . the current focus of 
a t t e n t i o n ) . We only consider the e f fec t 
of tense and adverb ia ls , and begin w i th 
tense. For present tense questions the 
boundaries of the i n t e r v a l of consider
a t ion are given by the parameters Tpr l and 
Tpr2 which denote a short time span 
immediately preceding Ts. For present 
per fec t and simple past the corresponding 
parameters are Tpal and Tpa2 which cover 
the scene from the beginning up to T p r l . 
Co l loqu ia l German does not necessi tate a 
d i s t i n c t i o n between these tenses. 

The e f f ec t of several time adverbials 
can be described as r e s t r i c t i n g the i n t e r 
va l of considerat ion w i th respect to a 
time of reference. Let the event 'bus 
stops in question (1) terminate at Tbus2, 
then the time of considerat ion for 
quest ion (2) extends from Tbus2 to Tpa2. 
Adverbials which re fe r to a time of 
reference which is defined by some other 
event correspond to the category ADVe 
introduced by BAEUERLE [ 8 ] . We have 
selected the fo l low ing subset: ' vo rhe r ' , 
' davor ' , ' dann ' , 'nachher ' , ' spae te r ' , 
'danach' ( ' p r e v i o u s l y ' , 'before t h i s ' , 
' t h e n ' , ' a f t e rwards ' , ' l a t e r ' , ' a f t e r 
t h a t ' ) . 

Other time adverbia ls speci fy the 
i n t e r v a l of considerat ion r e f e r r i n g always 
to the time of speech as a special time of 
reference. They are summarized in the 
category ADVs. We only work w i th those 
adverbials of the category ADVs which put 
the i n t e r v a l of considerat ion close to the 
time of speech, namely ' j e t z t ' , ' n u n ' , 
'gerade ' , 'gegenwaert ig ' , ' im Moment', 
'eben*, 'soeben' ( 'now', ' a t p resen t ' , 
' j u s t ' , ' j u s t a t the moment', ' j u s t now') . 
This excludes adverbials l i k e ' k u e r z l i c h ' 
( ' r e c e n t l y * ) . 

I l l LOCOMOTION VERBS 

We inves t iga te only questions 
invo lv ing verbs which denote a loca t ion 
change of the actor in the sentence. For 
a p o s i t i v e answer the t r a j ec to r y of the 
ac tor , as recorded by the scene analysis 
system, must s a t i s f y ce r ta in requirements 
or predicates which depend on the verb 
i t s e l f and the deep-case s t ruc tu re 
associated w i th i t . For locomotion verbs 
we use the fo l low ing case s l o t s : AGENT, 
LOCATION, SOURCE, GOAL, PATH, OBJECTIVE. 
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Consider again question (1 ) . Here the 
two p r i m i t i v e predicates 'moving' and 
's ta t ionary* have to be appl ied to the 
ACTOR t r a j e c t o r y over the i n t e r v a l of 
considerat ion. They can be eas i l y 
computed from the object pos i t ions fo r 
each instance of the sequence. Four basic 
s i t ua t i ons can be d is t ingu ished: 
i n te rva l s where the object is s ta t ionary , 
moving, beginning to move, and beginning 
to be s ta t ionary . The f i r s t case is not 
i n te res t i ng since we are analyzing 
locomotion verbs. The other three 
p o s s i b i l i t i e s represent verb inherent 
features, namely the manners of ac t i on : 
dura t i ve , inchoat ive and resu l t an t . Some 
examples of verbs which can be analyzed 
using the above predicates are ' f ah ren ' 
( ' d r i v e ' ) , 'gehen' ( ' w a l k ' ) , 'anfahren' 
( ' s t a r t ' ) , ' losgehen' ( ' s t a r t wa l k i ng ' ) , 
'stoppen' ( ' s t o p ' ) . 

Verbs l i k e 'abbiegen' ( ' t u r n o f f ) o r 
'wenden' ( ' t u r n ' ) imply t r a j e c t o r i e s w i th 
more de ta i led p roper t ies . Predicates 
invo lv ing the change of d i r e c t i o n of a 
t r a j e c t o r y w i l l be requi red, none of which 
have as yet been accurately designed. 

F i n a l l y , we consider the s i t u a t i o n 
where s lo t s are f i l l e d besides the AGENT 
s l o t . This may be due to p repos i t iona l 
clauses or t r a n s i t i v e verbs. 

(3) Bog das Auto von der Hal tst rasse 
in d ie Fahrstrasse ab? 
(Did the car tu rn o f f Hal ts t rasse 
i n t o Fahrstrasse?) 

In t h i s example the s l o t s SOURCE and 
GOAL are f i l l e d by 'von Ha l ts t rasse ' and 
' i n Fahrst rasse ' , respec t i ve ly . The 
system not only checks whether there is a 
t r a j e c t o r y w i th the spec i f ied shape w i t h i n 
the i n t e r v a l of considerat ion but a lso 
requires t h i s t r a j ec to r y to s a t i s f y the 
spa t i a l const ra in ts imposed by the 
contents of the s l o t s . 

IV CONCLUSION 

A natura l language dialogue system and 
a scene analysis system for image 
sequences are being connected to explore 
the p o s s i b i l i t y of natura l language 
communication w i th image understanding 
systems in general , and verbal descr ip t ion 
of motion in p a r t i c u l a r . A symbolic scene 
descr ip t ion in terms of time dependent 
object locat ions (and some add i t i ona l 
proper t ies) has been proposed as a l eve l 
of representat ion su i tab le to serve as a 
r e f e r e n t i a l database for i n q u i r i e s . 

Answering yes/no questions about motion is 
viewed as a top-down process aiming at 
v e r i f y i n g ce r ta in t r a j e c t o r y p roper t i es . 
Three types of const ra in ts on a t r a j e c t o r y 
can be d is t ingu ished. F i r s t , the i n t e r v a l 
of considerat ion as a temporal cons t ra in t , 
second, t r a j e c t o r y shape in space and 
t ime, t h i r d , spa t i a l const ra in ts on the 
loca t ion of a t r a j e c t o r y . It has been 
shown for some examples, how these 
const ra in ts can be extracted from a 
quest ion. The reported work is cu r ren t l y 
being implemented. 
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