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Abstract

This paper describes the Region Ocdusion Calculus
(ROC-20), that can be used to model spatial ocdusion
and the dfeds of motion paralax of arbitrary shaped
objeds. ROC-20 asaumes the region based ontology of
RCC-8 and extends Galton’s Lines of Sght Calculus by
alowing concave shaped oljeds into the modelled
domain. This extension is used to describe the dfeds of
mutually ocduding bodes. The incluson of van
Benthem's axiomatisation of comparative neaness
fadlitates reasoning about relative distances between
ocduding bodes. Further, an envisionment table is
developed to model segquences of ocdusion events
enabling reasoning about objeds and their images
formed in a changing visual field.

1 Introduction

Spatial ocdusion (or interposition) arises when one objed
obscures the view of another. Spatial ocdusion is one of
several visua cues we eploit to build up our awareness of
threedimensional form and distance Another is motion
parallax, whereby a dange in viewpoint causes relative
displacements of objeds at different distances in the visual
field [Braddick and Atkinson, 1987. Ocdusion events help us
determine where an objed’s boundary lies, or infer why an
objed cannot be seen, and what we need to doin order to
render it visible.

For example, consider two oljeds A and B in an agent’s
visual field. Suppase the agent moves to itsleft, while kegping
these objeds in sight. If objed A passes aadoss B, or, when
moving toward A, B becomes completely obscured, the agent
can infer that A isin front of B. Similarly, if, when moving to
the right, no relative dhange aises, the agent may infer that A
and B are far away, or close by and posshly moving in the
same diredion as itself. Conversely, if A, when visible,
always appeas to be subtended by B, the agent may infer that
A and B are physicdly conneded. In ead cese, ocdusion

events and motion paralax are being wsed to derive an
objedive modd of the world from a naturaly restricted
viewpoint (Figure 1).
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Figure 1: Spatial ocdusion at work. Asuming a fixed viewpoint, in
the two sequences shown onthe left, the smaller ball passesin front
of the larger one (top sequence) and behind it (bottom sequence). On
theright, ocdusion events arise with a change in viewpoint.

While visual ocdusion remains a topic of some interest in
the madhine vision literature [e.g., Plantinga and Dyer, 199Q
Geiger, et al., 1999, an oppatunity arises to investigate
ocdusion within the Qualitative Spatial Reasoning (QSR)
domain. For example, Galton's[1994 Lines of Sght cdculus
outlines a theory of ocdusion for modelling convex bodes
using a discrete set of 14 acdusion relations. It is natural to
take a topdogicd approach to modelling ocdusion, since
ocdusion events are very general, and apply to all objeds
irrespedive of their size shape and function. Petrov and
Kuzmin [1994 provide an axiomatisation of spatial ocdusion
founded on a point-based ontology.

Randell, et al. [1997 develop a mereo-topdogicd theory,
RCC-8, used to describe spatial relationships between regions
based on the primitive relation of connedion. Cui, et al.
[1997 use RCC-8 to develop a qualitative simulation program
to model physicd processes by spedfying dired topdogicd
trangitions between these relations over time. Their work is
one eample of using qualitative spatial representations to
model continuous change [Cohn, 1997. ROC-20 extends
RCC-8 to reason about relative distances between bodes from
ocdusion events, and transitions between ocdusion events to
model the dfeds of motion parallax from both objed motion
and changing viewpaints.



2 TheFormal Theory

Our universe of discourse includes bodes, regions and pants,
al forming pairwise digoint sets. In terms of interpretation,
bodes denote physicd objeds, while regions lit into two
further digoint sets that denote ether threedimensional
volumes (typicdly the spaces occupied by bodes) or two-
dimensional regions (typicdly projeded images of bodes as
seen from some viewpoint).

For the purposes of this paper, a set of sorts and a sorted
logic ae assumed. Within the sorted logic, passble values of
variables in formulae ae derived implicitly from the spedfied
sort of the agument paosition in which it appeas, alowing ad
hoc paymorphic functions and predicaes to be handled.

The notation and conventions used throughout this paper
is as follows: type a(71,.., m): m+1 means function symbal a
is well sorted when its argument sorts are 11,.., T with m+1
as the result sort, and type a(rl,.., ) means predicate a is
well sorted when defined on argument sorts 71,.., . AXioms,
definitions and theorems are respedively indicated in the text
as follows. (Al,..An), (D1,..Dn), and (T1,..,Tn). Where
axiom/definitional schema ae used, the numbering in the
parentheses refleds the number of objed-level axioms and
definitions generated, e.g. (A10-A15) would indicae that six
axioms are defined.

2.1 RCC-8

The mereo-topdogicd theory RCC-8 [Randell, et al., 1999 is
embedded into ROC-20. As with RCC-8, the same primitive
dyadic relation C/2 is used: ‘C(x,y)’ isrea as“x is conneded
with y” and isinterpreted to mean that the topdogicd closures
of regions x and y share apoint in common. All the relations
defined in RCC-8 are used, and all cary their usual readings.
DC/2 (disconnedaed), P/2 (part), EQ/2 (equa), O/2 (overlaps),
DR/2 (discrete) PO/2 (partial overlap), EC/2 (external
connedion), PP/2 (proper part), TPP/2 (tangentia proper
part), NTPP/2 (non-tangential proper part). Pl/2, PPI/2,
TPPI/2 and NTPI/2 are the inverse relations for P/2, PP/2,
TPP/2 and NTPP/2, respedively. Of these relations, eight are
provably Jointly Exhaustive and Pairwise Digoint (JEPD)
and can be singed out for reasoning about state-state
topdogica changes [Cui, et al., 1997. For brevity this st of
relationsisreferred to as JEPD R°“8,

Axioms for C/2 and definitions for the dyadic relations of
RCC-8 are asfollows:

(A1) X C(X,X)
(A2) XLy [Cxy) - Cly.x)]

(D1) DC(x,y) =def. =C(x,y)

(D2) P(xy) =def. [ C(z,xX) - C(z,y)]

(D3) EQ(xy) =def. P(x,y) & P(y,X)

(D4) O(xy) =def. [HP(zx) & P(zy)]

(D5) DR(x,y) =def. =O(x,y)

(D6) PO(x,y) =def. O(x,y) & =P(xy) & =P(y,X)
(D7) EC(xy)=def. C(x,y) & =O(X,y)

(D8) PP(x,y)=def. P(x,y) & =P(y,X)

(D9) TPP(x,y) =def. PP(x,y) &
[HEC(z,X) & EC(z,Y)]

(D10) NTPP(xy) =def. PP(xy) &
- [HEC(zX)) & EC(z,y)]

(D11) PI(x,y) =def. P(y,x)

(D12) PPI(x,y) =def. PP(y,x)

(D13) TPPI(xy) =def. TPP(y,X)

(D14) NTPPI(x,y) =def. NTPP(y,x)

type @(Region,Region); where @ [J
{C,DC,P,EQ,DR,PO,EC,PP, TPP,NTPP,PI,PPI,
TPPI,NTPPI}

Not reproduced here, but assumed, is an axiom in RCC-8
that guarantees every region has a nontangential proper part
(A3), and a set of axioms (A4-A9) introducing Boodean
functions for the sum, complement, product, difference of
regions, and the universal spatial region, and an axiom that
introduces the sort Null enabling partial functions to be
handled — see[Randell, et al., 1997.

2.2 Mapping Functions and Axioms

ROC-20 uses the set of dyadic relations from RCC-8 to model
the spatial relationship between bodes, volumes, and images.
The distinction between bodes and regions is maintained by
introducing two functions: ‘region(x)’ read as “the region
occupied by X" and ‘image(x,v)’ read as “the image of x with
resped to viewpoint v'. The function: regior/1, maps a body
to the volume of spaceits occupies, and image/2 maps a body
and a viewpaint to its image; i.e. the region defined by the set
of projeded half-lines originating at the viewpoint and
interseding the body, so forming part of the surface of a
sphere of infinite radius centred on the viewpoint. A set of
axioms incorporating these functions are defined by the
foll owing axiom schema:

(AL0-A15) L[N [ @(region(x),region(y)) —
v [ @(image(x,v),image(y,v))]]

type region(Body): Regior?
type image(Body,Point): Region
type ®(Region,Region) where @ [7{C,O,P,PP,NTPP,EQ}

Not al of the defined RCC-8 relations are shown. For
example, given DC(region(a),region(b)) al image
relationships between the a and b are passble depending on
the shape of the objeds and the viewpoint assumed. This
shows that these aioms function as a set of gpatial
constraints between bodes, a given viewpoint, and their
corresponding images. This point is re-visited in sedion 6

! Although nat developed here, the distinction made between bodes
and regions enables one to define the notion o freespace ad model
spatial occupancy — see[Shanahan, 1994 .

2 Sortal dedarations given here ae not as restricted as they could be,
for example we ould dedare: type region(Body):3DRegion, and
type image(Body,Paint): 2DRegion, where 2DRegion and 3DRegion
are (digoint) subsorts of the sort Region.



below, where a change in viewpoint, or a change in the
relative positions of bodes with resped to a viewpaint, is
discussed.

2.3 Occlusion Defined

A seocond primitive relation: ‘ TotallyOcdudes(x,y,v)’, read as
“x totally ocdudes y with resped to viewpaint v’, is now
added, and is axiomatised to be irreflexive and transitive (and
is, by impli cation, asymmetric):

(Al6) [V -TotallyOcdudes(x,x,v)
(Al7) OxOy[1ziw[[ TotallyOcdudes(x,y,v) &
TotallyOcdudes(y,zv)] -
Totall yOcdudes(x,z,V)]

type Totall yOcdudes(Body,Body,Point)

The intended geometric meaning of total ocdusion is as
follows. Let ling(p1,p2,p3) mean that points p1, p2 and p3fall
on a straight line with p2 strictly between p1 and p3. Then, x
totally ocdudesy from v iff for every point piny, there exists
apoint g in x such that line(v,q,p), and there ae no pantsp’in
y, and g’ in x, such that line(v,p’,q"). Given the transitivity of
total ocdusion, an objed x can totally ocdude an objed y
even if x itself istotally ocduded by another objed.

Several axioms are now introduced to embed RCC-8 into
this theory:

(A18) [x[y[Iz[ N[ TotallyOcdudes(x,y,v) &

P(region(z),region(y))] -
Totall yOcdudes(x,z,V)]

i.e. if xtotally ocdudesy, x totally ocdudes any part of y.

(A19) [XOy[h [TotallyOcdudes(x,y,v) —

[ P(region(z),region(y))] —
= TotallyOcdudes(z,x,v)]

i.e. if x totally ocdudesy no part of y totally ocdudes x.

(A20) [x[y[w[TotallyOcdudes(xy,v) —
[ P(region(2),region(x)) &
P(region(u),region(y))] -
= TotallyOcdudes(u,z,V)]]

i.e. if x totally ocdudes y no part of y totally ocdudes part of
X.

This latter axiom excludes cases where the ocduding body
has parts that wrap ‘behind’ the ocduding objed. That isto
say, while some nested bodes satisfy this relation, not all do,
asin the cae where, for example, abody is totaly enveloped
by another. This particular model is an example of mutual
ocdusion, which is defined below in definition (D17).

(A21) CX[NnOYH P(region(y),region(x)) &
P(region(z),region(x)) & TotallyOcdudes(y,zV)]

i.e. every x has a part that totally ocdudes another part of x.
This axiom guarantees that bodes have ‘depth’.

(A22) [x[y[N [TotallyOcdudes(xy,v) —
P(image(y,v),image(x,v))]

i.e. if x totally ocdudes y, the image of x subtends the image
of y. Note that (A22) is not a biconditional because the P/2
relation does not take acount of relative distance, a topic to
be mnsidered shortly.

By separating out volumes and images, two non-identica
bodes having identicd images (as in the cae where one body
exadly ocdudes another) can be modeled without
inconsistency. Spatial identity in terms of co-locaion still
applies, but is restricted to the dimensionality of the regions
being modell ed.

Next, the relation of ocdusion is wegkened to include, for
example, partial ocdusion: ‘Ocdudes(x,y,v)’ is read as “X
ocdudesy from viewpaint v':

(D15) Ocdudes(x,y,v) =def.
[Z[U[P(region(2),region(x)) &
P(region(u),region(y)) &
TotallyOcdudes(z,u,v)]

type Ocdudes(Body,Body,Point)
i.e. x ocdudesy if apart of x totally ocdudes a part of .

Total ocdusion between two olbjeds implies ocdusion,
which in turn implies region overlap between their
corresponding images:

(T1) CxCly V] TotallyOcdudes(x,y,v) — Ocdudes(x,y,V)]
(T2) OxCy[v [Ocdudes(x,y,v) —
O(image(x,v),image(y,v))]

Ocdudes/3 is nonsymnetrical. By contrast, the O/2
relation in RCC-8 is yymmetricd, which renders it unsuitable
for modelling ocdusion relationships. Hence the need to
augment RCC-8 with an additional primitive relation.

Other more spedfic ocdusion relations may now be
defined: partial, and mutual ocdusion. An example of mutual
ocdusion is two interlinked rings. These relations will then be
finesed further by combining them with the set of RCC-8
relations:

(D16) PartiallyOcdudes(x,y,v) =def.
Ocdudes(x,y,v) &
= TotallyOcdudes(x,y,v) &
= Ocdudes(y,x,v)

type Partiall yOcdudes(Body,Body,Point)

i.e. x ocdudes (but does not totally ocdude) y, but y does not
ocdude x.



(D17) MutuallyOcdudes(x,y,v) =def.
Ocdudes(x,y,V) & Ocdudes(y,x,v)

type Mutuall yOcd udes(Body,Body,Point)
i.e. xand y ocdude eat other.

For completeness (not listed here) inverse relations for
Ocdudes/3, TotallyOcdudes/3 and PartiallyOcdudes/3 are
defined (D18-D20); leaving the null case: NonOcdudes/3,
where no ocdusion arises:

(D21) NonOcdudes(x,y,v) =def.
- Ocdudes(x,y,v) & =Ocdudes(y,x,v)

type NonOcdudes(Body,Body,Point)

The six relations: NonOcdudes/3, MutuallyOcdudes/3;
and TotallyOcdudes/3, PartiallyOcdudes/3, and their
inverses are pairwise digoint.

Finaly, these new ocdusion relations must be mapped to
their RCC analogues:

(A23) [x[y[ M NonOcdudes(x,y,v) —
DR(image(x,v),image(y,v))]

(A24) [x[Ky[M PartiallyOcdudes(x,y,v) —
[ PO(image(x,v),image(y,v)) [J
PP(image(x,v).image(y,v))]]

(A25) X[y MutualyOcdudes(x,y,v) —
[ PO(image(x,v),image(y,v)) [J
P(image(x,v),image(y,v)) [J
Pl (image(x,v),image(y,V))]]

2.4 Finessing the Occlusion Relations

Although a variety of ocdusion relations have now been
defined, they are dill very general, as no spatia relation
stronger than P/2 from RCC-8 is used. Tota ocdusion, for
example, covers three caes. (i) where the image of the
ocduded bod/ is a tangentia proper part of that of the
ocduding body, (ii) where it is a nontangential proper part, or
(i) the images are identicd becaise one body exadly
ocdudes the other. By refining the existing set of ocdusion
relations in this manner, a total set of 20 JEPD relations
bemme definable. These ae generated using the foll owing
definitional schemas:

(D22-D33) ®Y(x,y,v) =def.

P(x,y,v) & Himage(x,v),image(y,v))
(D34-D41) XY (x,y,v) =def.

X(y,xV) & Himage(y,v),image(x,v))

type @(Body,Body,Paint)

whereif:

@ = NonOcdudes, then ¥ [7{DC,EC}

@ = TotallyOcdudes, then ¥ [7{EQ,TPPI,NTPPI}
@ = PartiallyOcdudes, then ¥ [1{PO,TPP,NTPP}

@ = MutuallyOcdudes, then ¥ [J{PO,EQ,TPP,NTPP}
andwhereif:

X = TotallyOcdudes, then ¥ [J{EQ,TPPI,NTPPI}

X = PartiallyOcdudes, then ¥ [{PO,TPP,NTPP}

X = MutuallyOcdudes, then ¥ [J{TPP,NTPP}

e.g. TotallyOcdudesEQ(x,y,v) =def.
TotallyOcdudes(x,y,v) &
EQ(image(x,v),image(y,v))

TotallyOcdudesEQ ~* (x,y,v) =def.
Totall yOcdudesEQ(y,x,v) &
EQ(image(y,v),image(x,v))

type @(Body,Body,Point) where: @ isan element from the
set of all 20 acdusionrelations.

It is this part of the Region Ocdusion Calculus that is now
referred to as ROC-20, and the set of 20 JEPD relations as
JEPDROS20

3 Theory Comparisons

It is now possble to map out the relationship between RCC-8,
Galton’s [1994 Lines of Sight Calculus (LOS-14), and ROC-
20. Consider the JEPD "“® overlap relations first, i.e. {PO,
TPP, NTPP, EQ, TPPI, NTPPI}. These relations are
indifferent to relative distance with resped to a viewpoint, and
ead conflates a pair of Galton’s relations. For example, given
only that x partialy overlapsy, it isimpaossble to say whether
xisin front of or behind y. In bath LOS-14 and ROC-20, these
two cases are distingui shed.

This leaves two RCC-8 relations {DC, EC}. These map
respedively to the LOS-14 relations C/2 (cleas) and JC (just
cleas), and to the two ROC-20 relations: NonOcdudesDC/3
and NonOcdudesEC/3. The six remaining relations of ROC-
20 are predsely the cases where non-convex bodes (ruled out
in LOS14) are dlowed into the modelled damain. These
correspondences are ill ustrated in table 1.

In table 1 mutually ocduding objeds are shown thus, ,
indicaing that the lighter coloured ‘U’-shaped oljed both
ocdudes and is ocduded by the darker. In the spedal case of
MutuallyOcdudesEQ/3 part of the darker body lies behind the
lighter body, and is exadly subtended by it, while a(visible)
part of this, extends through a dot in the lighter body and
ocdudesit.

The formal relationship between LOS-14 and ROC-20 is
aso ill ustrated by the foll owing theorem:

(T3) Lx[y[N [ =MutualyOcdudes(x,y,v)
[NonOcdudes(x,y,v) [J
TotallyOcdudes(x,y,v) [J
PartiallyOcdudes(x,y,v) [J
TotallyOcdudes ™*(x,y,v) [J
Partiall yOcdudes *(x,y,v)]]



where the five diguncts are provably pairwise digoint, and
where eat digunct in turn respedively splits into
2+3+3+3+3=14 d the JEPD "°“*‘base’ relations.

DD—NonOch udesDC ——Cc —— DC
NonOccludessEC —JC— EC
@—Parti allyOccludesPO ——PH—

—PartiallyOccludesPO -1—PHI-G- PO
—MutuallyOccludesPO ————
—PartiallyOccludesTPP —JF —
| |-TotallyOccludesTPPI —— JHI-[1-TPP
MutuallyOccludesTPP——— —
—PartiallyOccludesNTPP —F—
TotallyOccludesNTPPI -1 —HI—-NTPP
—M utuallyOccludesNTPP -
TotallyOccludesTPPI -1—JH —
2 |-PartiallyoccludesTPP - —JFI —[1-TPPI
l=|l MutuallyOccludesTPP -1 -
—TotallyOccludesNTPPI —H—
—PartiallyOccludesNTPP -1-FI—[—NTPPI
—M utuallyOccludesNTPP -1——
TotallyOccludesEQ EH—
__}rotallyoccludesEQ * —EHI-C-EQ

MutuallyOccludesEQ————

Table 1: The mmparison between the JEPD relations of ROC-20,
LOS-14 and RCC-8. In eadt case the dark and light objeds in the
model respedively maps to the x, y variables of eah @(x,y,v)
relation o ROC-20, and to eat correspondng @' (x,y) relation o
LOS 14 and RCC-8.

4 Comparative Distance and Occlusion

While the notion of relative distance between bodes appeas
in this theory, it only forms part of the interpretation resulting
from the model used, and is implicit. Made explicit, a roba,
for example, can exploit this information to reason about
partial orderings of radial distances between itself and bodes
based on their observed o inferred ocdusion properties. A
reworked subset of comparative distance aioms originaly
proposed by van Benthem [1987 is embedded into the theory.
The primitive relation: ‘N(x,y,2)" used here, is real as “point x
is neaer to body y than xisto body Z’, while ‘E(x,y,2)’ isread
as“body yisasnea to pant x asisbody Z':

(A26) [IX[yCz[Ju [[ N(XY,2) & N(x,zu)] — N(Xy,u)]
(A27) LxLly =N(Xy.y)

(A28) [IX[yz[Tu [N(X,Y,2) — [N(XYy,u) LZIN(X,u,2)]]
(D42) E(x,y,2) =def. =N(x,y,2) & =N(x,2y)

type @(Point,Body,Body), where: @ [J{N,E}

Comparative distance is related to ocdusion, and is
embedded into ROC-20, with the foll owing axioms:

(A29) [x[y[ N [TotallyOcdudes(x,y,v) — N(V,x,y)]

i.e. if x totally ocdudes y with resped to some viewpoint v,
then x isneaer tovthanyistov.

(A30) OxOy[V [N(V,Xy) —
7 P(region(z),region(y)) — N(v,x,2)]]

i.e. if visneaer to x than y, then v is neaer to x than any part
of y.

Note that the named viewpoint is not necessrily identified
with an agent, and intentionally so. For example, if the ayent
holds and aigns two oljeds (one in eat hand) where the one
totally ocdudes the other, it does not follow the aent is
closer to the ocduding objed, than the one ocduded. It isalso
because of the guiding projedive geometry assumed here (and
which interprets the image/2 function) that a viewpoint is
identified with a point, and not an extended region in space

5 Relative Orientation

If one body liesjust to the left of another with resped to aline
of sight, and is closer to the observer, movement to the right
will typicdly increase the gparent separation between them.
The relative left-right hand pasitions of the bodes will reverse
as the line of sight interseds both bodes and passes to the left
of that point. In order to be @le to model and exploit this
example of motion paralax, the ternary primitive relation:
‘Left(x,y,v), read as “x isto the left of y from viewpoint v’, is
added and axiomatized. Its dual (Right/3) is also defined:?

(A31) X[ Vv=Left(x,x,v)

(A32) X[y [Left(xy,v) - —Left(y,x,v)]

(A33)[x[y[iz[ W [ Left(x,y,v) & Left(y,zv)] —
Left(x,zV)]

(D43) Right(x,y,v) =def. Left(y,x,v)
type @(Body,Body,Point) where: @ [7{Left,Right}

For completeness the relation: ‘NonLeftRight(x,y,v)" rea
as “x is neither to the left or right of y relative to viewpoint v,
is added:

(D44) NonLeftRight(x,y,v) =def.
=Left(x,y,v) & =Right(x,y,v)

type NonLeftRight(Body,Body,Paint)

Here it is assumed that the observer’s horizon is fixed, and
that the field of view is restricted. Without these aumptions,
the transitivity of Left/3, for example, would fail in the
intended model. This would be the cae if the ajent were &
the ceantre of a drcular arrangement of objeds (Stonehenge,

3 Other spatial orientation duals with exadly the same properties
(irreflexivity, etc.) are eaily definable, e.g. forward/reaward, or
above/below.



for example), entailing ead objed could be baoth to the left
and theright of itself.

The primitive relation Left/3 is embedded into the theory
using the foll owing axioms:

(A34) XLy [N [ Left(x,y,v) —
[ [Z[P(region(2),region(x)) & Left(zy,v)] &
= [ [P(region(u),region(x)) & Left(y,u,v)]]]

(A35) Xy [N [ Left(x,y,v) —
= P(image(x,v),image(y,v))]

i.e.inthefirst case (A34) if from v, x isleft of y, some part of
X projeds to the left of y, while no part of x projeds to the
right of y; whilein the second case (A35), from v, if x isleft of
y then x is not subtended by y.

It is now straightforward to see how ROC-20 can be
further developed. For example, where one objed lies to the
left of another and is digoint, to the left and in boundary
contad, and so on. All the distinct states depicted in figure 1
can then be modell ed.

6 Relative Viewpoints

A change of viewpoint always caries the posshility of a
change in the gparent spatial relationships holding between
bodes in the domain (figure 1). If, for example, two bodes
are physicdly separated, and an agent is allowed to fredy
move aound, several apparent spatial relationships may be
seen to apply. However, for two bodes forming a part-whole
relation, no change in the viewpoint will coincide with both
bodes sparating. These and ather configuration posshbiliti es
form the basis of the set of global spatial constraints
introduced in sedion 2.2. There till remains the question of
singling out additional dynamic spatial constraints, this time
arising from instantaneous transitions between temporally
ordered sequences of ocdusion events.

As with many discrete based QSR theories, the set of
JEPDR“?° relations can be worked into an envisionment,
where aset of axioms lay out the dynamic posdbiliti es and
constraints of spatia relationships deaned to hold between
bodes over conseautive moments in time [Cohn, 1997. For
ROC-20 this is represented as a table (table 2) where
legdl/illegal (instantaneous) transitions between spatial
relationships are respedively denoted by “y” (yes) or “n” (no)
entries mapping to pairs of named ocdusion relations. A path
formed by linking together pairs of nodes denotes a passble
projeded sequence of states from aninitial state (at timet) via
succesor states (at timest+1 ... t+n).

The symmetry about the highlighted diagonal indicaes the
symmetricd relationship between ead pair of named nodes.
For example, the relation NonOcdudesEC/3 has five such
legal transitions, as read aaoss the named row or down the
named column. This means the relation NonOcdudesEC/3
from time t to the next instant t+1, now re-worked as an
envisionment axiom (asuming a fixed viewpoint and the
continued existence of the bodes from time t to t+1), has the
following form:

[xCly vk [HoldsAt(NonOcdudesEC(x,y,v),t) —
[HoldsAt(NonOcdudesEC(x,y,v),t+1) [J
HoldsAt(NonOcdudesDC(x,y,v),t+1) [J
HoldsAt(PartiallyOcdudesPO(x,y,v),t+1) [J
HoldsAt(PartiallyOcdudesPO™(x,y,v),t+1) O
HoldsAt(Mutuall yOcd udesPO(x,y,V),t+ 1)]]
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The ewisionment table can be interpreted two ways:
either in terms of the viewpoint changing, or where the
positions of the bodes change. In the former case, an
additional predicae is required: ChangePos(vl,v2), (meaning
viewpoint vl changes to viewpoint v2), which relates v1 at
time t in the atecedent of the envisionment axiom to v2 at
time t+1 in the mnsequent. These sequences of ocdusion
events can then be viewed as building the topdogy of motion
paralax into the model. Obviously, where orientation
information is added the number of relations and nodes
increase, as does the overal complexity of the new set of
permissble transitions between spedfied named ocdusion
relations.

7 Discussion and Conclusions

ROC-20 presents an axiomatisation of spatial ocdusion. It
asaumes the region based ontology of RCC-8 [Randéll, et al.,
1992 and extends the work of Galton [1994 by alowing
both convex and concave shaped bodes. It is this extension
that describes ocdusion events of mutually ocduding bodes.
The inclusion of van Benthem's [1982 notion of comparative
neaness fadlit ates reasoning about relative distance between
ocduding bodes. An envisionment table models ssquences of
ocdusion events to enable reasoning about objeds and the
images that may be formed in avisual field.



Several diredions for future work are indicaed. The
axiomatisation of the primitive relation: TotallyOcdudes/3,
currently rules out models where the ocduding body has a
part that wraps behind the ocduded body. In the theory thisis
a cae of mutual ocdusion. However, we can see potential
gains by re-working the airrent axiomatisation (and relaxing
this restriction) so that any degreeof enclosure of one body by
another (from some asaumed viewpoint) could be acase of
total ocdusion.

Additional work is required to generate the compasition
table [see Cohn, 1997 for JEPD subsets of the defined
ocdusion relations. Also o note is the question whether there
are avy deddable and tradable subsystems of ROC-20, as has
dready been shown for RCG8 [Bennett, 1994 Renz and
Nebel, 1998. Further computational gains may be made by
adding information about the relative size of bodes or regions
ading as additiona constraints when cheding for consistency
of sets of these relations [c.f. Gerevini and Renz, 199§.

ROC-20 lays the theoreticd foundations for further work
in Cogniti ve Robdics, in which the images of objeds are used
to infer the spatial arrangement of objeds in aroba’s world -
ultimately with map building and route planningin mind. We
argue that the modelling of ocdusion and motion parallax
within a traditiona QSR approach offers a uniform
framework to achieve this. Galton [1994 has arealy shown
these lines of sight relations can partition an idedized plan
view of the embedding spaceinto a set of polygonal regions.
For ead (view) point in that space eadly one of the JEPD
line of sight relations holds. Where objeds of varying shapes
and sizes exist, many named sight lines that form tangents to
objeds naturally intersed at points. These arrespond in this
theory to a @njunction of atomic formulaedrawn from the set
of JEPD relations used. This gives rise to a set of extrinsic
reference points determined completely by the objedive
gpatial arrangement of the objeds in the roba’s world. With
these points, localization bewmes passhle, while enabling
qualitative ad metric quantitative information to be
combined. Spatial constraints and envisionment axioms now
lead into map huilding and route planning. The roba then
aqquires the means to plan and exeaite moves [Levitt and
Lawton, 199Q Schlieder, 1993 while mnstantly monitoring
and relating its own diredion of movement to the observed
change and sequence of ocdusion eventsin its visual field.
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