The role of disparity contours and surface disparity in the perception of three-dimensional shape.
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Horizontal image disparities provide us with important information regarding the 3D structure of the world (Howard and Rogers 2002). However, analysis of the role of image disparities in the perception of 3D shape has largely been restricted to surface disparity. This is demonstrated by the fact that in the majority of studies objects are presented at eye level orientated parallel to the fronto-parallel plane (Johnston 1991). Ecologically this is not representative of our interactions with objects in the world, for example we rarely grasp objects viewed at eye height, invariably objects such as a coffee cup on a table will be viewed and grasped from above. In this situation additional sources of information are available to the viewer. Extra distance information is provided by height in the field (Gardner and MonWilliams 2001), and disparity provides further information in the form of disparity contours, and a view of the objects upper surface. Interestingly when these additional cues are absent depth perception tends not to be veridical (Johnston 1991). The contours of objects provide valuable information about their 3D structure, and in some situations provide enough information for the recovery of full Euclidean shape (Norman and Todd 2003). Here we investigated the role of disparity contours in the perception vertically orientated cylinders, viewed either at eye height or from above. The efficacy of surface disparity, height in the field (Gardner and MonWilliams 2001), and disparity contours in the perception of 3D shape is discussed.

What is the contribution of binocular disparity to depth perception in natural scenes? 
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Binocular disparity provides an important cue to three-dimensional shape. Typically studies of binocular depth perception use stimuli in which disparity alone or in conjunction with a reduced number of visual cues provide depth information. Here, we investigate the role of binocular cues in the perception of depth in images of natural scenes. Observers judged the perceived depth in natural images.  The image set included monochrome and colour scenes and were displayed monocularly and binocularly. Observers were shown a number of pairs of dots on the surface at different locations and were asked to discriminate the depth of these dots, i.e. to assess which point is the closer of the two. This method was successfully developed by Koenderink (1996). Observers’ responses were converted into depth inequalities using the Thurstones’ law of comparative judgement (Torgeson, 1958) and these results are used to determine (i) a relief map of perceived depth and (ii) the internal consistency of observers’ local depth judgements. The results will be used to determine the contribution of binocular cue to the perception of depth in natural scenes. 

The effect of eye movements during 3-D motion perception
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To perceive motion, the brain must combine retinal motion signals with extra-retinal signals about how the eyes are moving.  Whilst this complex problem has long been of interest in the field of motion perception, it has not often been considered when studying binocular three-dimensional (3-D) motion.  Here we measured how people's perception of 3-D motion is biased when the eyes move.  Observers were asked to indicate the direction of 3-D motion when fixating a stationary reference, and when the reference moved laterally or in depth.  Partial compensation was achieved for lateral reference motion.  When the reference moved in depth, perceptions were not distorted. These results will be discussed in relation to the possible mechanisms for discrimination of the direction of 3-D motion.
Distortions of distance perception during binocular viewing
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This study investigates how the visual system combines vergence and disparity information to arrive at estimates of distance to an object. Judgments of distance to a target, based soley on binocular vergence, are often inaccurate. Placing a fixed object 

in the visual environment distorts judgments even further. There are interactions observed between the target and reference objects in sparse visual environments (Foley, 1985). We ran an experiment in which observers were presented with two target points 

via stereoscopic goggles and asked to estimate the distance to each point. One point could vary (across trials) in distance away from the observer (from 12 to 38 cm), while the reference point remained fixed at 25 cm but could lie either 3 or 9 degrees 

below the variable point. Distances were indicated verbally and also manually (by moving a horizontal slider). It was found that distance judgments were rarely veridical and there was considerable interaction between the variable and fixed target points, 

although this was not always of the same form as seen by Foley (1985). Furthermore, verbal and manual judgments often disagreed for the same observer on the same trial, sometimes by as much as 40 cm, suggesting that neither judgment is a dependable means 

of indicating distance. In spite of such variability, individual results were very similar for the two vertical separations used between the target and reference points. These results suggest that the mechanisms using horizontal disparity and vergence 

information to obtain distance, integrate information over large eccentricities.

This project is funded by the EPSRC.
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The visual system seems to experience some difficulty in abstracting elements from a cluttered image. In the cluster illusion, observers required to judge the distance between features that are subparts of larger objects often report the distance from the centres of the objects instead of from the true location of the features (a variant of the Muller-Lyer illusion). Harris and Morgan (1993) showed that the illusion was much reduced for cases where binocular disparity was added - by making the target dot stand out in front or behind the cluster. Disparity allowed the target points to be ungrouped from the cluster, indicating the brain was able to overcome some constraints upon processing in early vision. We now propose to examine the cluster illusion presented in depth, in order to explore how distance and depth information is biased by perceptual grouping. We will also explore possible differences in bias between the left and right visual fields, to test whether one hemisphere holds an advantage for computing metrical relations. In this talk, I will describe the experiments that I am proposing to conduct during the first stages of my PhD.

Manipulating prior assumptions about 3D stability

Andrew Glennerster, David McKean and Stuart J Gilson

University Laboratory of Physiology, Parks Rd, Oxford OX1 3PT

Many aspects of vision are known to be influenced by prior assumptions

about the world. Here we show that consistent information from

proprioception and the observer's interocular separation are

over-ridden by an assumption that the visual scene remains static.  In

a virtual reality environment, observers were unaware that as they

moved the entire scene around them changed fourfold in

size. Consequently, they made large errors in judging the size of

objects.

In a similar expanding room that contained constant-sized objects

(human figures), observers made size judgements that were much closer

to veridical. After training in this environment, the improved size

judgements persisted even in the absence of the human figures, showing

that observers' prior assumptions had been changed.  We show that the

effectiveness of this stimulus is probably due to the close similarity

between the visual stimulation in the training and test phases.

In contrast to current models of 3D vision that are primarily

data-driven, our results show that depth and size judgements are

dominated by prior assumptions.

