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Abstract. It has been widely believed since Helmholtz that tangent discontinuities in image 
contours, such as T-junctions or L-junctions, will occur when one object occludes another. Here 
we describe a class of occlusion relationships where changes in 'border ownership' and amodal 
completion take place in the absence of tangent discontinuities in the image. We propose that 
even subtle curvature discontinuities can be a signal to potential changes in border ownership, 
and are valid ecological cues for occlusion in certain scenes. 

1 Introduction 
When image fragments are perceived to be the visible portions of a single partially 
occluded object, the object is said to 'amodally complete' behind the occluder (eg Michotte 
1964; Kanizsa 1979). It is generally believed that amodal completion requires tangent or 
'first-order' discontinuities (ie discontinuities in the orientation of the tangent line, or first 
derivative, along the contour) at all visible junctions between the contours 'owned' by the 
occluded surface and those owned by the occluder (eg Clowes 1971; Huffman 1971; Waltz 
1975; Lowe 1985; Malik 1987; Nakayama et al 1989; Kellman and Shipley 1991). Assuming 
no accidental alignment of surface borders, each contour in the image can only belong 
to one of the two surfaces adjacent to it. This has been called 'the one-sided function 
of contour' (Koffka 1935) or 'border ownership' (Nakayama and Shimojo 1992). 

When a T-junction is interpreted as a point of occlusion, the top of the T is owned 
by the occluding surface, and the stem of the T is owned by the occluded surface 
(Nakayama et al 1989). More generally, we call junction points on image contours that 
correspond to a change of border ownership between two surfaces in the world 'occlusion 
junctions'. For example, as shown in figure la, when one rectangle partially overlaps 

Figure 1. (a) There are T-junc
tions at the points where the 
visible image contours of the 
two rectangles intersect, (b) An 
L-junction can signal a change 
in border ownership, and hence 
occlusion. 
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another, there are occlusion T-junctions at the points in the image where contours of 
the two rectangles intersect. An L-junction can also signal a change in border ownership, 
and hence occlusion, as shown in figure lb. Occlusion L-junctions often indicate occlu
sion by virtue of being implicit occlusion T-junctions. For example, the L-junctions in 
the famous Kanizsa rectangle (where the edges of the pacmen meet the edge of the 
illusory rectangle) are implicit occlusion T-junctions. However, an occlusion L-junction 
need not be an implicit occlusion T-junction. In figure lb, the piece of 'paper' seems to 
penetrate a flat surface. The vertical bar of the L-junction where the edge of the upper half 
of the paper meets the 'disc' is owned by the paper, and the horizontal bar of the L is 
owned by the penetrated disc. 

2 The generic-viewpoint assumption 
The visual system operates as if it made the assumption that it is not viewing an 
object from an 'accidental' viewpoint. Intuitively, an accidental viewpoint is one from 
which object structure is 'hidden' from the observer. This principle has been called the 
'non-accidental' or 'generic-viewpoint' assumption (Barrow and Tenenbaum 1981; Binford 
19.81; Rock 1984; Lowe 1985; Richards et al 1987; Nakayama and Shimojo 1992; Freeman 
1994). Under arbitrarily small excursions from a generic or non-accidental viewpoint, 
qualitative contour relations remain the same. For many scenes, the generic-viewpoint 
assumption predicts that occlusion junctions must contain contour tangent discontinu
ities. However, there are other kinds of occlusion relationships that do not generate 
tangent discontinuities at occlusion junctions when observed from a generic viewpoint, 
although they do generate curvature discontinuities. Moreover, images obtained from 
generic viewpoints on these scenes lead to a perception of occlusion. Thus, it appears that 
image tangent discontinuities are not necessary for image points to be interpreted as 
occlusion junctions, only that the contour geometry be consistent with a generic view. 

First-order discontinuities, like those that occur at T-, X-, and L-junctions, are 
commonly assumed to be necessary for the visual system to interpret image junctions 
as occlusion junctions in static monocular images. Here we describe a class of familiar 
occlusion relationships, in which one object wraps around or penetrates another, that 
generically project occlusion junctions without first-order discontinuities in the image. 
Yet, generic views of these scenes can generate robust amodal completion. 

3 A point about geometry 
One of us (Tse 1998a) has argued on the basis of the generic-view principle that the 
visual system assumes that surfaces are closed (ie that surfaces enclose a bounded volume 
of space) in the absence of image contour information to the contrary. Surfaces not 
only link together behind other occluding surfaces, they continue along their visible 
curvature into self-occluded space and can close up into a volume. A closed surface 
is the boundary of a volume of space. The visual system assumes surfaces to be the 
boundaries of material volumes. In this paper we will consider the way that volumes 
intersect, and focus on certain facts about the locus of intersection and the 'rim'. 
The rim, relative to a particular viewpoint, is the set of points where the observer's line 
of sight 'grazes' the smooth surface of a volume. The rim is a smooth curve that 
divides the visible and self-occluded regions of the surface. 

When surfaces intersect, there will generically be a discontinuity in the surface 
orientation along the locus of their intersection in the world (Hoffman and Richards 
1985). For example, as shown in figure 2, there is a surface concavity at the locus of 
intersection of A and B. Moreover, there will often be first-order or tangent disconti
nuities in the image projection of two interpenetrating volumes. Some authors have 
argued that first-order discontinuities in the silhouette of interpenetrating objects can 
be used to infer the three-dimensional (3-D) shape of those objects (Richards et al 1987) 
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and segment those objects into component 3-D parts (Hoffman and Richards 1985; 
Beusmans et al 1987). The first-order discontinuities considered by these authors are 
those shown in the lower magnified region of figure 2. There is a T-junction generically 
present at the depth discontinuity where A occludes B. 

In contrast, we note that for points where the locus of intersection of two interpenetrat
ing volumes meets the rim of either volume, the tangent lines of the projected contours 
will be identical These are points of change in border ownership between the penetrating 

Figure 2. The upper circle shows the 
image projection of the junction where 
the locus of intersection of A and B 
meets the rim of A. Note that there are 
no first-order discontinuities. The lower 
circle shows the first-order discontinuity 
that will generically be present in scenes 
where one surface occludes another 
separated in depth. 

age contours is perhaps surprising 
because there is a surface orientation discontinuity along the locus of intersection in 
the world. Unlike the kind of occlusion considered in previous studies, which involved 
depth discontinuities along occluding edges, the locus of intersection corresponds to 
an occlusion relationship in the world where there are no depth discontinuities between 
surfaces, only surface orientation discontinuities. 

The above italicized statement can be established as follows. Since the line of sight 
of the observer grazes the surface at all points on the rim, the eye of the observer lies 
in the tangent plane to the surface at rim points. Therefore, in the projection to the 
retinal image, the tangent plane at a rim point collapses to a line L, since the tangent 
plane is viewed 'edge on'. Consider a differentiable curve D on the surface passing 
through a rim point R. Since the tangent line to D at R must lie in the tangent plane 
to the surface at R, the tangent line to D at R must project either to L, or to a single 
image point on L. In the latter case the tangent line coincides with the observer's line 
of sight, implying that the observer has an accidental view. It follows that the tangents 
to two such curves Dl and D2 on the surface which intersect at R will both project 
onto L in the image, assuming a generic view. Since the locus of intersection of two 
smooth surfaces is a smooth curve contained in both surfaces, any junction of that 
locus with the differentiable curve specified by the rim itself will not generically project 
first-order discontinuities onto the retinal image. 

4 Examples of penetration 
An example of amodal completion in the absence of first-order discontinuities at 
occlusion junctions is shown in figure 3a. Subjects were simply asked to describe what 
objects they saw portrayed in the image. This figure appeared to 100% of naive observers 
in = 8) as a single 'stick' penetrating a cube. The regions labeled A' and 'B' here 
(these labels did not appear in the test stimuli) are enclosed by everywhere differentiable 
contours. Moreover, by the claim proved above, any image obtained from a generic 
viewpoint on a scene of a stick penetrating a cube in this manner will be free of first-
order discontinuities at the occlusion junctions where the surface of the cube meets the 

and penetrated volumes, assuming a generic view. 

This lack of tangent discontinuities along i 
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surface of the stick. Another example of amodal completion in the absence of first-order 
discontinuities is shown in figure 3b (see also Tse 1998b). Note the modal completion 
of a 'water' surface that occludes the hidden portions of the 'sea monster'. 

Although occlusion junctions can be first-order differentiable, they will generically 
contain curvature discontinuities, which justifies the use of the word 'junction'. Abrupt 
changes of curvature along a projected contour are 'second-order' discontinuities, because 
they are discontinuities in the second derivative taken along the image contour. 

(a) (b) 
Figure 3. A stick penetrating a box offers an example of an image where amodal completion 
takes place in the absence of image tangent discontinuities. 

It appears that both first-order and second-order discontinuities of image contours 
can be used by the visual system to infer a change of border ownership along a continu
ous image contour. Binford (1981) and Malik (1987) have suggested that segmentation 
of image curves would most naturally occur at first-order and second-order disconti
nuities, although they did not apply this insight to issues of amodal completion or border 
ownership. 

Certain image cues, such as first-order contour discontinuities along with good 
continuation or 'relatability' (Kellman and Shipley 1991) of disconnected contours, have 
sometimes been regarded, at least implicitly, as 'direct' image cues to occlusion. That is, 
given those image cues, a percept of occlusion would automatically follow. However, 
image features may not be direct cues to occlusion. Tse (1998a) suggested that higher-
level internal representations, such as surfaces and volumes, may be generated from 
image cues, and that it is over these internal representations that completion takes 
place. According to this view, potential cues to occlusion, such as image T-, X-, or 
L-junctions, will ultimately be interpreted to be (or not to be) occlusion junctions only 
after this higher level of analysis. 

In particular, second-order discontinuities are unlikely to serve as direct image cues 
to occlusion, because a second-order discontinuity counts as an occlusion junction only 
by virtue of its relationships to other contours in the global geometric context of the 
entire image. For example, the end of the 'stick' in figure 3a also has second-order 
discontinuities. However, since there is nothing with which the stick can amodally 
complete at this location, the border here is assigned entirely to the stick. This point 
is made more strongly in figure 4. Figure 4a can be seen as a cylinder resting on a 
table. Under this interpretation, the cylinder owns its border with the table (ie the 
lower curved contour of the cylinder). However, figure 4b is typically seen as a 'wine 
bottle' that passes through a hole in the table even though the neck of the bottle is 
identical to the cylinder of figure 4a. Under the 'wine bottle' interpretation it is the 
table with a hole in it that owns the corresponding border. Thus, image junctions, such 
as first-order or second-order discontinuities, can serve as cues to potential occlusion, 
but if the global context of image information indicates a lack of occlusion, occlusion 
will not be perceived. 

/ 
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Figure 4. (a) A cylinder resting on a 
table. The lower curved contour of the 
cylinder is owned by the cylinder, (b) A 
'wine bottle' penetrating the table. Now 
this same contour is owned by the table. 

Consider the example shown in figure 5, which shows a tangent discontinuity ana
logue of figure 4a. There appears to be a greater tendency to see amodal completion 
(of the small rectangle behind the large rectangle) in this case. This difference may be 
related to the generic-viewpoint assumption; it is improbable that two flat surfaces would 
have edges that exactly abut, or, if they are separated in depth, that their edges would 
exactly coincide in the image. However, there is nothing coincidental or improbable about 
a cylinder resting on a table. This may underlie a tendency for first-order contour tangent 
discontinuities to function more effectively than second-order discontinuities as local, 
context-independent cues to occlusion (Peterson and Hochberg 1983). 

Figure 5. A contour tangent discontinuity analogue of figure 4a. 

5 Examples of transparency 
It is widely believed that the perception of transparency requires the presence of first-
order image discontinuities, such as X-junctions, at visible points of change in border 
ownership (eg Metelli 1974; Kanizsa 1979). In figure 6, 100% of naive subjects (n = 8) 
reported seeing a stick passing through a transparent substance, even though the 
perceived occlusion junctions do not contain first-order discontinuities. Watanabe and 
Cavanagh (1993) showed that T-junctions could generate a percept of transparency when 
they served as implicit X-junctions. However, here there are no T-junctions and no implicit 
or explicit X-junctions. The image contours owned by the outer portions of the stick are 
tangent to those owned by the transparent substance at the perceived occlusion junctions. 

Figure 6. Transparency in the absence of implicit or explicit 
X-junctions. 
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Another example of transparency with first-order differentiate occlusion junctions 
(ie without implicit or explicit X-junctions) can be seen in figure 7. Here subjects (n = 8) 
unanimously reported seeing objects of various shapes that were half 'immersed' in a 
transparent gel-like surface. Note that the 3-D shape of these volumes is given by both the 
contour curvature of the objects' rims as well as by the 'contour of penetration' where the 
gel meets the volume. 

Figure 7. Transparency in the absence of implicit or explicit X-junctions. 

6 Examples of envelopment, wrapping, and conforming 
Shipley and Kellman (1990) noted that, in images where first-order discontinuities 
have been 'rounded', as in figure 8, modal completion can sometimes occur. They 
suggested that this could either be because localized regions of very high curvature are 
perceptually indistinguishable from first-order discontinuities, or because second-order 
discontinuities are a cue to potential occlusion. 

The perceptual distinction between first-order discontinuities and localized regions 
of very high curvature depends on the scale of resolution of the retinal sampling. If one 
low-passes an image, these two types of abrupt change may become indistinguishable. 
In the periphery, where spatial acuity is relatively low, it is doubtful that first-order 
discontinuities can be distinguished from localized regions of high curvature. The visual 
system may therefore regard any high-curvature portion of a contour as a cue to potential 
occlusion due to a depth discontinuity. 

However, modal completion may be possible in figure 8 not because portions of 
high contour curvature are indistinguishable from first-order discontinuities, but because 
the pacmen appear to conform to the illusory surface that they define, much like 
putty stuck to the corners of that surface (Albert and Hoffman 1995). Thus, under the 
interpretation of conforming surfaces, modal completion, like amodal completion, can 
take place in the absence of first-order discontinuities. 

In general, when one surface occludes another that is separated in depth, there 
will be first-order discontinuities in the image. When such first-order discontinuities are 

Figure 8. Modal completion with 'rounded' pacmen. 
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rounded, the perception of amodal completion is weakened, as in the modification of 
figure 5 shown in figure 9. Yet, similarly rounded contours produce strong amodal 
completion in figures 3 and 6. This suggests that the occlusion interpretations seen in 
figures 3 and 6 are not due to interpreting localized regions of relatively high curvature as 
tangent discontinuities. In our figures demonstrating penetration and envelopment, 
occlusion junctions need not contain first-order discontinuities, assuming a generic view. 

i Figure 9. Rounding the first-order discontinuities of figure 4, as shown, 
eliminates the percept of occlusion. 

Similarly, figures 10 and 11 offer examples of an occluded surface that lacks first-
order contour junction discontinuities. Figures 10 and 11 are examples of envelopment 
or wrapping, as opposed to the examples of penetration shown in figures 4 and 6. 
Only sudden changes of curvature can indicate occlusion here (although highlights 
were added to enhance the 3-D impression). Figures 10a and 10b can both be perceived 
as a blob wrapping around an illusory pole. Of eight subjects asked what they saw when 
shown figure 10a, seven reported seeing a single object attached to the back of a pole. 
Four of these subjects made reference to the appearance of something like a hand 
grabbing the pole. The one subject who did not report a percept of amodal completion 
reported seeing two separate black things attached to the back of an illusory pole. 

The contour curvature of the wrapping 'legs' in figures 10a and 10b offers information 
about the surface curvature of the illusory pole because the legs are assumed to conform 
to the curvature of the pole surface as they wrap around it. Stevens (1981) suggested 
that contours lying on a surface offer information about surface curvature because 
the visual system appears to assume that such contours correspond to lines of principle 
curvature or geodesies lying on that surface (see also Knill 1992). However, note that 
if the parts of the rim of the blob bounding the legs were directly on the surface of 
the pole, then the blob's surface could not be smooth along the rim. Since the legs 
appear rounded and smooth, the rim along them must be slightly in front of the pole. 
Nevertheless, as long as the blob is assumed to wrap around the pole without curvature 

(a) (b) 
Figure 10. A 'blob' wrapping around the back of an illusory pole. Again, there are no first-order 
discontinuities in the image, (a) Offers rather explicit cues to the presence of a pole. However, 
even (b) can be seen in this configuration. 
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Figure 11. 'Honey' oozing out from between hori
zontal logs. There are no first-order discontinuities 
in the image at points where border ownership 
switches from the honey to a log. 

in excess of what that wrapping requires, the curvature of the image contour projected 
from the blob's rim can provide information about the surface curvature of the pole. 

Similarly, figure 11 is typically interpreted as viscous 'honey' oozing out from between 
horizontal 'logs'. Again, there are no first-order discontinuities where border ownership 
transfers from a log to the honey. Note that the honey shares no border whatsoever with 
the background, unlike the blobs of figure 10. 

If this honey is oozing out from between the logs, it must come from behind the logs. 
However, the geometric form of the honey behind the logs, like the occluded form of the 
blobs in figure 10, is perceptually unspecified. This shows that amodal completion can 
occur without a precise specification of occluded form. The visual system may settle for 
less than an exact specification of occluded form in amodal completion in some cases 
because a complete solution is not necessary to determine that something is occluded. 

7 Discussion 
Several authors (Grossberg and Mingolla 1985; Kellman and Shipley 1991; Field et al 
1993) have proposed variations of the old Gestalt law of grouping based on good 
contour continuation (Wertheimer 1923, 1938; Ullman 1990). The basic idea is that 
similarly oriented edges can link up at a distance. These authors argue that linking 
takes place between contour terminators and/or 'relatable' edges (ie similarly oriented 
edges whose contour extensions intersect at a right or obtuse angle). However, in our 
examples there are no contour terminators. If linking takes place between relatable 
edges here, it may take place between points of second-order discontinuity. This could 
be the case in figures 3 and 6, but, as figures 10 and 11 demonstrate, there may be no 
calculation of the precise position and form of occluded contours. 

Kellman and Shipley (1991) argued that first-order discontinuities are perceived 
as occlusion junctions when they have relatable contours. In figures 10a and 10b there 
are no first-order discontinuities in the image, and even the second-order discontinuities 
are not relatable when contour extensions are used in any apparent way. However, the 
two visible black regions of the blob in figure 10a appear to be linkable as volumes in 
the world, suggesting that completion may have more to do with volume formation 
and volume relatability (ie the good continuation of surfaces and insides or internal 
material in occluded space) than contour relatability (Tse 1998a). Thus, counter to their 
claims, neither contour relatability nor image contour tangent discontinuities are neces
sary to induce amodal completion. 
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We believe that second-order image discontinuities are most likely cues to surface 
orientation discontinuities, rather than direct cues to amodal completion, because aspects 
of the global configuration seem to be critical for amodal completion (see figure 4). 
Only a subset of all first-order and second-order image discontinuities may count as 
occlusion junctions. The process of determining which image junctions are interpreted 
as occlusion junctions may involve issues of surface and volume formation. For example, 
in figure 12a, the closure of image contours eliciting a percept of surfaces appears to 
be necessary for a percept of occlusion. When the contours are not closed, so that 
surface formation is no longer possible, as in figure 12b, image junctions fail to generate 
a percept of occlusion. On this account, visual processing would not proceed directly 
from local image occlusion cues to internal representations of occlusion relationships 
among surfaces. Rather, various image cues would participate in forming internal 
representations of curved surfaces and volumes. Then the presence or absence of local 
image cues, such as first-order and second-order contour discontinuities, can be used 
to support or veto amodal completion. 

Figure 12. T-junctions are not 
effective cues to occlusion with
out surface perception (Albert 

(a) (b) 1998). 

8 Conclusion 
In summary, amodal completion can occur in the absence of first-order contour discon
tinuities in the image, counter to the common assumption that such discontinuities are 
necessary to perceive occlusion junctions. Second-order discontinuities may be interpreted 
as occlusion junctions in the displays presented here. A single image contour can be 
segmented at points of abrupt curvature change into portions owned by different surfaces. 
We suggest that, compared with a theory based exclusively on first-order contour dis
continuities and relatability (Kellman and Shipley 1991), a theory based on surface and 
volume formation and the generic-viewpoint assumption provides a more parsimonious 
explanation of these aspects of border ownership, amodal completion, and transparency 
perception in static monocular images. On this account, first-order and second-order 
image discontinuities provide context-dependent cues to occlusion, which operate at a level 
of surface and volume representation. A final percept of surfaces and volumes and their 
spatial relationships is realized only after many such cues constrain one another globally. 

Acknowledgements. We thank Patrick Cavanagh, Ken Nakayama, and Cassandra Moore for their 
helpful comments. PUT supported by AASERT F49620-94-1-0376. MKA support by NIH5F32 
MH11103-02. 

References 
Albert M K, 1998 "Depth interpolation and the relative depths of objects in line drawings" 

(submitted) 
Albert M K, Hoffman D D, 1995 "Genericity in spatial vision", in Geometric Representations of 

Perceptual Phenomena: Papers in Honor of Tarow Indow on His 70th Birthday Ed. R D Luce 
(Mahwah, NJ: Lawrence Erlbaum Associates) 



464 P Tse, M Albert 

Barrow H G, Tenenbaum J M, 1981 "Interpreting line drawings as three-dimensional surfaces" 
Artificial Intelligence 17 75-116 [Reprinted in Computer Vision Ed. J M Brady (Amsterdam: 
North-Holland)] 

Beusmans J M H, Hoffman D D, Bennett B M, 1987 "Description of solid shape and its inference 
from occluding contours" Journal of the Optical Society of America A 4 1155- 1167 

Binford T O, 1981 "Inferring surfaces from images" Artificial Intelligence 17 205-244 [Reprinted 
in Computer Vision Ed. J M Brady (Amsterdam: North-Holland)] 

Clowes M B, 1971 "On seeing things" Artificial Intelligence 17 79-116 
Field D J, Hayes A, Hess R F, 1993 "Contour integration by the human visual system: evidence 

for a local 'association field'" Vision Research 33 173 -193 
Freeman W T, 1994 "The generic viewpoint assumption in a framework for visual perception" 

Nature (London) 368 542-545 
Grossberg S, Mingolla E, 1985 "Neural dynamics of form perception: Boundary completion, 

illusory figures, and neon color spreading" Psychological Review 92 171-211 
Helmholtz H von, 1867/1962 Treatise on Physiological Optics volume 3 (New York: Dover, 1962); 

English translation by J P C Southall for the Optical Society of America (1925) from the 
3rd German edition of Handbuch der physiologischen Optik (Hamburg: Voss, 1909; 1st edition 
Leipzig: Voss, 1867) 

Hoffman D D, Richards W, 1985 "Parts of recognition" Cognition 18 65 - 96 
Huffman D A, 1971 "Impossible objects as nonsense sentences" Machine Intelligence 5 295 - 323 
Kanizsa G, 1979 Organization in Vision: Essays on Gestalt Perception (New York: Praeger) 
Kellman P J, Shipley T F, 1991 "A theory of visual interpolation in object perception" Cognitive 

Psychology 23 141-221 
Knill D C, 1992 "Perception of surface contours and surface shape: From computation to psycho-

physics" Journal of the Optical Society of America A 9 1449 -1464 
Koffka K, 1935 Principles of Gestalt Psychology (New York: Harcourt, Brace & World) 
Lowe D, 1985 Perceptual Organization and Visual Recognition (Hingham, MA: Kluwer) 
Malik J, 1987 "Intepreting line drawings of curved objects" International Journal of Computer Vision 

173-107 
Metelli F, 1974 "Achromatic color conditions in the perception of transparency", in Perception: Essays 

in Honor of James J Gibson Eds R B MacLeod, H L Pick Jr (Ithaca, NY: Cornell University Press) 
Michotte A, Thines G, Crabbe G, 1964 "Les complements amodaux des structures perceptives" 

Studia Psychologica (Louvain: Publications Universitaires) [in Michotte's Experimental Phenom
enology of Perception Eds G Thines, A Costall, G Butterworth (1991, Hillsdale, NJ: Lawrence 
Erlbaum Associates)] 

Nakayama K, Shimojo S, Silverman G H, 1989 "Stereoscopic depth: its relation to image frag
mentation, grouping, and the recognition of occluded objects" Perception 18 55 - 68 

Nakayama K, Shimojo S, 1992 "Experiencing and perceiving visual surfaces" Science 257 1357 -1363 
Peterson M A, Hochberg J, 1983 "Opposed-set measurement procedure: a quantitative analysis of 

the role of local cues and intention in form perception" Journal of Experimental Psychology: 
Human Perception and Performance 9 183 - 193 

Richards W A, Koenderink J J, Hoffman D D, 1987 "Inferring three-dimensional shapes from 
two-dimensional silhouettes" Journal of the Optical Society of America A 4 1168-1175 

Rock I, 1984 The Logic of Perception (Cambridge, MA: MIT Press) 
Shipley T F, Kellman P J, 1990 "The role of discontinuities in the perception of subjective figures" 

Perception & Psychophysics 48 259 - 270 
Stevens K A, 1981 "The visual interpretation of surface contours" Artificial Intelligence 17 47-74 

[Reprinted in Computer Vision Ed. J M Brady (Amsterdam: North-Holland)] 
Tse P, 1998a "Volume completion" submitted 
Tse P, 1998b "Illusory volumes" submitted 
Ullman S, 1990 "3-dimensional object recognition" Cold Spring Harbor Symposia on Quantitative 

Biology 55 889-898 
Waltz D, 1975 "Understanding line drawings of scenes with shadows", in The Psychology of Computer 

Vision Ed. P H Winston (New York: McGraw-Hill) 
Watanabe T, Cavanagh P, 1993 "Transparent surfaces defined by implicit X junctions" Vision 

Research 33 2339 -2346 
Wertheimer M, 1938 Laws of Organization in Perceptual Forms (London: Harcourt, Brace, and 

Jovanovich) 

p © 1998 a Pion publication printed in Great Britain 




