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Abstract 

A novel combination of ideas from cognitive linguis- 
tics and spatial occupancy models in robotics has led 
to the WIP (Words Into Pictures) system. WIP au- 
tomatically generates depictions of natural language 
descriptions of indoor scenes. A qualitative layer in 
the conceptual representation of objects underlies a 
mechanism by which alternative depictions arise for 
qualitatively distinct interpretations, as often occurs 
as a result of deictic/intrinsic reference frame ambigu- 
ity. At the same time, a quantitative layer, in conjunc- 
tion with a potential field model of the semantics of 
projective prepositions, is used in the process of cap- 
turing the inherently fuzzy character of the meaning 
of natural language spatial predications. 

Introduction 
People often relate their visual experiences to one an- 
other by means of verbal descriptions. Relying on 
a commonality of perceptual experience of the world 
about us. For example, the size and orientation of ob- 
jects can be captured using dimensional predications 
such as “the pole is high”. The relative positions of 
objects are communicated by, amongst other means, 
static spatial predications such as “a chair is in front 
of the desk”. 

Adequate representation of the meaning of spa- 
tial prepositions and dimensional adjectives must be 
grounded in our cognitive model of three-dimensional 
space, which in turn is structured based on the func- 
tionality of our perceptual system. Such a represen- 
tation should distinguish qualitative ambiguities (eg. 
the deictic, intrinsic and extrinsic interpretations of 
a preposition (Retz-Schmidt 19SS)), but also quanti- 
tative differences (for example, that certain regions in 
space are more typically “in front of” a reference object 
than others). Further, the qualitative and quantitative 
components of meaning are dependent on the entities 
that are the objects of the spatial predications. 

Drawing on the work of Lang (Lang 1993) (Lang, 
Carstensen, & Simmons 1991) (Bierwisch & Lang 
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1989) and incorporating ideas originating in the field 
of robot manipulator path planning (Khatib 1986), 
the WIP (Words Into Pictures) system automatically 
generates such a representation for natural language 
scene descriptions in English, and produces depictions 
of quantitatively likely, but qualitatively distinct, in- 
terpretations. 

The Domain 

The WIP system addresses the problem of understand- 
ing and generating depictions of room descriptions. 
As such, it is a prototype application under the um- 
brella of research into natural language interaction 
with multi-media systems. Users are initially required 
to specify the type of room and their vantage point (ie. 
their position and orientation within the room). They 
can then specify the room’s contents and the locations 
of the contents using dimensional and prepositional ex- 
pressions. In this paper we restrict ourselves to de- 
scribing the semantic representation and processing of 
spatial prepositions, in particular projective preposi- 
tions. 

Spatial Prepositions 

Projective prepositions place a constraint on the prox- 
imity of the located object and the reference object. 
Predications such as “the chair is in front of the desk” 
constrain the “desk” and “chair”, to some degree, to be 
proximal to each other. Conversely projective preposi- 
tions such as “away from” predicate a distal relation- 
ship between the located and reference object. Further, 
the degree of the proximity expressed in any projective 
prepositional predication varies according to a number 
of considerations including: the spatial context (the 
spatial extent and content of the scene described); and 
the absolute and relative sizes of the located object 
and reference object. This last consideration can be 
illustrated by contrasting the the predications: “a car 
is to the left of a lorry” and “an apple is to the left of 
the orange ” . Whilst the preposition used here is the 
same in both cases, the pieces of fruit will be closer to 
each other than will the “car” and “lorry”. 
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Figure 1: Intrinsic, deictic and extrinsic ambiguity 

In addition to the constraint on the proximity of the 
located object and reference object, projective- prepo- 
sitions place a constraint on the position of the located 
object relative to a particular side of the reference ob- 
ject. In the case of the intrinsic interpretation of a 
medication such as “the stool is in front of the desk”, 
the “stool” is located in some spatial region defined by 
the half-plane that is the intrinsic front of the “desk”. 
Intuitively, the closer the “stool” is to the region de- 
fined by the projection of the desk’s dimensions, the 
more the spatial arrangement conforms to the proto- 
typical interpretation of the predication. 

Intrinsic, deictic and extrinsic interpretations of pro- 
jective prepositions qualitatively differ according to the 
reference frame with respect to which the directional 
constraint is characterized (Retz-Schmidt 1988). In 
the intrinsic case the reference frame is centered at the 
reference object and adopts the intrinsic orientation of 
the reference object. In figure 1, stool number 1 is in- 
trinsically “in front of the desk”. The reference frame 
for a deictic interpretation is centered at the speaker 
and adopts the speaker’s orientation; deictic readings 
can be invoked explicitly with qualifications such as 
“from where we are standing”; when the reference ob- 
iect has no intrinsic or extrinsic sideness relating to 
ihe preposition used; or when intrinsic or extrinsicin- 
terpretations are ruled out on other grounds (eg. the 
impossibility of spatially arranging the objects as re- 
quired by the interpretation). In figure 1 stool number 
2 is deictically “in front of the desk”. 

Extrinsic readings can occur when the reference ob- 
ject has no intrinsic sides relating to the locative prepo- 
sition (eg. trees) but is in close proximity to another 
object ‘that is stkmgly sided (such-as a house); in which 
case the reference frame capturing the intrinsic orien- 
tations of the stronger sided object can be adopted by 

region-2 

region-3 

Figure 2: A qualitative model of space 

the reference object. Referring to figure 1 the chair is 
extrinsically “in front of stool number 3”; the stool has 
inherited an extrinsic front from the right wall. 

Typically an object is located with respect to more 
than one reference object by the means of multiple 
spatial predications. Consequently, a requirement on 
meaning representation for spatial predications is that 
they must being easily combined to giving rise to a 
cumulative meaning. 

Related work 
Past work has failed to construct a computational se- 
mantics rich enough to capture the phenomena men- 
tioned so far, due to a concentration either on a purely 
qualitative model or an overly simplistic quantitative 
model of spatial predicates. Early efforts such as 
(Winograd 1972) and (Waltz & Boggess 1979) are defi- 
cient as a result of their commitment to a purely quali- 
tative model of constraint, though in the case of (Waltz 
& Boggess 1979) th e resulting representation is analog 
(quantitative). 

More recently, Kalita (Kalita & Badler 1991) uses 
Talmy’s geometric-relation schema (Talmy 1983) and 
Douglas’ qualitative spatial model (Douglas & Novick 
1987). Spatial predications specify inclusions in rect- 
angular regions that are outward projections of the ex- 
tents of the reference object. 

Figure 2 depicts the two-dimensional case for such 
an approach, inclusion in regions 1 to 4 corresponds 
respectively to “in front of”, “right of”, “behind” and 
“left of” predications. In addition to being too restric- 
tive (clearly point X is “left of” the object), intrinsic 
and deictic sides are not distinguished, and any point 
within a particular region, regardless of its distance 
from the reference object, equally satisfies the con- 
straint. Lang (Lang, Carstensen, & Simmons 1991), 
(Lang 1993) uses a similarly qualitative model but 
distinguishes deictic and intrinsic sides in his object 
schema representation of objects, with reference to 
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which t,he corresponding competing interpretations are 
captured. 

Yamada uses the concept of a potential field to 
capture North-South and East-West directional con- 
straints (Yamada, Nishida, & Doshita 1988). For ex- 
ample, if object A is North of B, this spatial constraint 
is modeled using a torsion spring-like function. Any 
further constraint on A (which might cause it to be lo- 
cated other than due North of B) is similarly modeled 
with a potential function. The most likely interpreta- 
tion is computed as the minimum energy configuration 
of the objects and springs. Schirra uses the inversely 
related concept of a normalized typicality field in which 
the potential is highest for more prototypical configu- 
rations (Schirra & Stopp 1993). Whilst Schirra’s typi- 
cality fields can capture both direction and proximity 
constraints, only intrinsic interpretations are catered 
for. Both Schirra and Yamada idealize reference ob- 
jects as points and fix the magnitude of fields for par- 
ticular prepositions, regardless of the reference object’s 
dimensions. 

Conceptual Representation 
The WIP system represents spatial predications as ei- 
ther geometric or potential field constraints over two 
layered conceptual representations of objects consist- 
ing of a qualitative spatial and perceptual represen- 
tation, coupled to a quantitative object model. This 
allows it to differentiate between interpretations rela- 
tive to different reference frames, and also to vary the 
degree of constraint depending on the reference and lo- 
cated objects concerned. The resulting representation 
facilitates the depiction of the ‘most plausible’ inter- 
pretations. 

Qualitatively modeling objects 

The qualitative layer of the object representation is 
based on Lang’s object schemata (Lang 1993). The 
desk of figure 3( ) a is represented as in figure 3(b). In 
this first schema a, b and c label three orthogonal axes 
centered at the object, each of which is instantiated 
by one or more dimensional assignment parameters 
(DAPs)’ ; al-a2, bl-b2 and cl-c2 are corresponding 
half-axes. Each half axis is labelled either nil or with 
an intrinsic side (eg. i-front). If the object has been 
constrained in the scene as a result of some spatial 
predication, WIPS infers the object’s deictic side as- 
signment. For example, if the desk of figure 3(a) is 
aga,inst a wall in a room to the left of the observer 
then its object schemata will be as given in figure 3(c). 

The explict representation of deictic and intrinsic 
sides allows the identification of the actual face of an 

1 DAPs are not of direct interest here although they are 
fundamental to the process of dimensional designation and 
where dimensional assignment might result in a reorienta- 
tion of the conceptual object (eg. assigning verticality in 
the process of interpreting “the pole is high”). 

(a) 

a2 

(b) 

a: max b: vert c: obs 

al: i-left bl: i-bottom cl: i-front 

a2: i-right b2: i-top c2: i-back 

Figure 3: Object schemata 

object rel 
strutted. 

ative to which a spatial constraint is con- 

Quantitatively modeling objects 

The quantitive model of the objects in WIP is com- 
prised of: 

o the graphical description of the parts (GDP), con- 
structed from a finite set of geometric primitives 

o the mapping from the geometric axis 
qualitative axis system 

system to the 

The set of graphical primitives in the WIP system is 
currently restricted to lines and quadrilaterals, which 
are specified relative an object’s geometric axis system 
(GAS). The mapping between the GAS and the quali- 
tative axis system is specified in terms of the alignment 
of the x, y and z axes of the GAS and the qualitative 
half-axes al-a2, bl-b2 and cl-c2. The GDPs for each 
object are located relative to the speaker/viewer as a 
result of intepreting spatial predictions over the object, 
although the elements of the background scene (the in- 
ternal walls) are located in the process of defining the 
speaker’s vantage point on the scene. The magnitudes 
of the extents of an object can be calculated from the 
configuration of the GDPs that comprise the object. 
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Figure 4: Field for intrinsic “in front of the desk” Figure 5: Combined potential fields 

Potential Fields 
Spatial predications are interpreted as constraints on 
the orientation and the position of the located object 
relative to the reference object. The qualitative dis- 
tinction corresponding the use of either the deictic and 
intrinsic reference frames is captured by identifying the 
different deictic and intrinsic sides of the qualitative 
conceptual representation of the object. Having iden- 
tified any ambiguity, a potential field (originating from 
the half-plane relevant to the particular interpretation) 
is used to capture the fuzzy character of the constraint 
imposed by spatial prepositions. 

easily computed by gradual approximation (Yamada, 
Nishida, & Doshita 1988). Figure 4 shows a region of 
the field corresponding to the intrinsic interpretation 
of “in front of the desk”. 

Quantitative variations in proximity and directional 
constraints are dependent on reference object and lo- 
cated object dimensions. Modifying the potential func- 
tion constants on the basis of object dimensions is the 
mechanism by which this dependency can be captured. 
The the shape and extent of the potential field P(x, y) 

Originating in robot manipulator path planning 
(Khatib 1986), we use the potential field model (PFM) 
to capture the proximity and direction components of 
the spatial constraint imposed by certain prepositions, 
particularly projective prepositions. In general, for a 
preposition that imposes a projective constraint rela- 
tive to the face of a reference object, the normal of 
which extends in the x-direction, we use a potential 
function P(x, y), where: 

is governed by the three constants: 

1. q.wox 

2. 

3. 

Directly proportional to the proximity localisation 
of the minimum energy configuration. 

L prox 

The distance of the minimum energy configuration 
from the reference object. 

Jyx:, Y) = $rox(x, Y) + h-(x, Y) (1) 

Pprox(z, Y) = +y@zjj - Lprox)” (2) 

Directly proportional to the directional localisation 
of the minimum energy configuration. 

In WIP values for I(prox, Lprox, and K&r are lin- 
early dependent on the dimensions of the reference ob- 
ject and located object, which gives rise to intuitively 
more plausible depictions for the same preposition with 
different reference and located objects. 

d, = (z - x0) (4) 
44 = (Y - Yo) (5) 

The y axis when combined with the x axis defines 
the plane in which the constraint applies; (x0, ya) is 
the Cartesian coordinate of the reference object rel- 
ative to the speaker/viewer. The lower the value of 
P(x, y) for a point (x, y), the better the spatial con- 
straint is satisfied. The minimum for the field can be 
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Multiple spatial predications over an object are sim- 
ply accommodated by the linear addition of the com- 
ponent fields. Figure 5 illustrates the cumulative po- 
tential field resulting from the expression “in front of 
the desk and near the cabinet”. 

An Overview of WIP 
WIP has been implemented using Prolog and 
Smalltalk/Objectworks. After specifying the dimen- 
sions of the room and the speaker/viewer’s vantage 



/ input 

Figure 6: Intrinsic interpretation of “a chair is in front Figure 7: Adding the predication “the chair is near the 
of the left desk” back desk” 

point, natural language descriptions are parsed to log- 
ical forms. Spatial predicates and their arguments in- 
stantiate potential field specifications and the two-layer 
models of objects from the conceptual lexicon; and the 
cumulative potential fields for a description are con- 
structed. Where qualitative ambiguities arise (such 
as competing deictic and intrinsic interpretations of a 
preposition) parallel intepretations are generated. 

Unconstrained degrees of freedom are set on the ba- 
sis of default assumptions, for example, if a chair is de- 
scribed as being “in front of” a desk, then the vertical 
position of the chair is constrained to keep its bottom 
on the floor. Lastly the minima of the potential fields 
for each interpretation are computed and the now fully 
constrained graphical model of the objects used to ren- 
der the depictions. 

Figures 6 and 7 illustrate example outputs from 
WIP. In figure 6 the chair in the scene is only con- 
strained to be in front of the left desk. In figure 7 the 
constraint that the chair is near the back desk has been 
added. 

Concluding Remarks 

Past attempts at addressing the problem of relating 
natural language description of spatial scenes to phys- 
ical referents (through depiction or otherwise) have 
been deficient in one or more of the following: 

o the ability to distinguish competing deictic and in- 
trinsic interpretations 

, 

i/ 

1 Input 

L, 

o a probabilistic model of the possible location de- 
noted by projective prepositions. 

e an automatic tuning of the degree of proximity and 
directional constraint imposed by prepositions, in 
accordance with the dimensions of the reference and 
located objects. 

WIP encompasses all of these, and generates intu- 
itively reasonable depictions of natural language de- 
scrip tions of scenes. Deictic and intrinsic interpreta- 
tions are distinguished by the qualitative representa- 
tion; the potential field model provides the ability to 
assign a likelihood to the different possible locations of 
a located object; and by making the constants of the 
PFM dependent on the extents of the reference and 
located objects automatic tuning of the PFM is guar- 
anteed. The preposition processing component of WIP 
is currently being developed to account for more sub- 
tle effects, such as, extrinsic interpretations and dis- 
allowing interpretations for which a located object is 
obscured in the resulting depiction. 
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